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ABSTRACT 
 

The present study deals with the removal of oil from wastewater by organoclay. The 

organoclay was prepared by combination of Iraqi bentonite with quaternary amine 

(hexadecyltrimethyl ammonium chloride). The wastewater samples were obtained from the 

washing unit of fuel oil in the "South Baghdad Gas Power Plant". The operating conditions of 

batch process for removal of oil from wastewater by using the prepared organoclays were 

studied in details (quantity of organoclay, mixer speed and time of adsorption). Initial 

concentration of wastewater used in this study was within a maximum range of 230-1512 mg/L. 

XRD and FTIR diagram of the prepared organoclay showed a considerable differences from 

those  for natural bentonite which indicates the exchange of quaternary amine with Ca
++

 ions at 

the surface of bentonite. The concentration of oil in the wastewater samples decreased below    

10 mg/L after treatment with organoclay. Batch kinetics studies were conducted by using kinetic 

equations (Lagergren and Ho et al) and batch isotherm studies was conducted by using isotherm 

models (Freundlich, Langmuir and BET).  

 

 الخلاصة
ا هاح اي هاحعضال ه.هاحعضال  احمياو هاحنانوعي هثوخاتم الهاح اي  عمليا هزااحا هاحمللتاوتهاحنة يا هما هيتناول هذا اهاحث اث

ما هامماي هاحرثاوعيهاحمخام ه(هIraqi bentonite)هاحمختم لهفيهذ اهاحث ثهتلهتننيعههع ه ريقهماجهمولهاحثنتلنويتهاحعراقاي
همملةاااااااوتهز .ه(hexadecyltrimethyl ammonium chloride)هرايااااااا املنياااااااللهكللههميتويااااااا هتااااااارا هذكخو يخاااااااوي 

احملجل ةهفيهم   هكهرثاو ه(ه fuel oil)احمختم م هفيهذ  هاح راخ هأم تهم هل   هغخ هايتهاحلقل هه (wastewater)احميو 
احمياااو هاحنااانوعي ههمااا هنمااال جي هماا (هfuel oil)حقااا هتاااله راخاا هاحشااارل هاحتةاااايلي هوااحاا هاياااتهاحلقااال هه.جناالبهثاااا ا هاحاواياا 

احمخااتم م هفاايههحلميااو هاحناانوعي هاحتراكياااهاللحياا ا ه(.هكمياا هاح ااي هاحعضاال هلهخاارع هاحماام هلاماا هامم نااو )هثوحتةنااي 
(هXRD)احنتوئجهاحتيهتلهاح نل هعليهاوهما همم  اوتهالةاع هاحخايني ه.هحتر/م ه1512اح هه230هضم ه  ل هكونتهاحتجورب

حل اااي هاحعضااال هاحم ضااارهاشهااارتهاماااتم هلاضااادهعااا همتيمتهاااوهاحعوئااا ةهه(FTIR)ا هلكااا حخهمم  اااوتهالةاااع هت اااتهاح ماااره
Ca اخاتث ا هايلناوتهاحكوحخايللهحلثنتلنويتهلذ اهيةيرهاحا ه

.هاحرثاوعيهاحملجثا هالماي احملجال ةهعلا هخا دهاحثنتلنوياتهثويلناوتهه++
اح ا ل ه)حتاره/ملااله10هانمةا ه ل ه هاحنانوعي فايهاحمياوهتركياهاحمللتاوتهاحنة يا هز احنتوئجهاحمختملن هم هذ  هاح راخ هثينته
ه(Kinetics)ك حخهتله راخ ه ركي هعملي هاممتااااه.هثع همعوملتهوهثوح ي هاحعضل ه(احمخملحهثهوهحتنري هاحميو هاحمللت هثوحنة 
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هadsorption capacity))ل راخا هخاع هعمليا هاممتااااههه (Lagergren and Ho. et al)ثوخاتم الهاحمعاو متهاح ركيا ه
ه.ههههههه (Freundlich, Langmuir, and BET)ثوختم الهاحنمو جهاحريوضي 
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INTRODUCTION 
  

Many natural and synthetic media have been used for treating oily waters. These media can 

be classified as filtering media (sand, coal, and diatomaceous earth), coalescing media 

(fiberglass, polyesterfelt, amberlite XAD-2, and polypropylene), and adsorption media (activated 

carbon, peat, attapulgite, bentonite, and organoclays) (Mathavan and Viraraghavan 1989, Zunan 

et al. 1995, Alther 1996a, Alther 1996b).   

Adsorption is very efficient, cost effective and most importantly has the capability of 

meeting the environmental compliance as far as the discharge standard of the oil content of the 

wastewater is concerned.(Slejeiko 1981 ). Activated carbon is a common adsorbent used for the 

removal of hazardous pollutants from aqueous solutions. However, activated carbon adsorption 

is a nonselective process (Cadena 1989). Organoclay has emerged as a better substitute for 

activated carbon. In fact, studies show that if a comparison is made between the organoclay and 

activated carbon, organoclay has several advantages over the activated carbon as an adsorbent 

(Alther 2002). 

Organoclays are manufactured by modifying bentonite (which is a kind of smectite group 

clay mineral, is almost made up of 80 wt.% of montmorillonite and contains a crystal lattice with 

three layers) or other clays with quaternary amines, thus changing the hydrophilic nature of clays 

to organophilic. Quaternary amine is a type of surfactant that contains a nitrogen ion. The 

nitrogen end of the quaternary amine (i.e., the hydrophilic end) is positively charged and ion 

exchanges onto the clay platelet for sodium or calcium (Lagaly1984, Alther 2002, Moazed and 

Viraraghavan 2005, Janes and Boyd 1991, Kowalska et al. 1994 ).  

Moazed and Viraraghavan (2005) used powdered bentonite organoclay to remove oil from 

water. The concentrations of oil in oily waters varied from 26 to 381 mg/L. The results indicated 

that the organoclay can remove up to 100% oil from oil in water emulsions. Consequently, the 

organoclay could be considered an excellent media for treating oily waters. Carmody et al. 

(2007) investigated the synthesis of oranoclays by the ion exchange of sodium in Wyoming    

Na-Montmorillonite with three surfactants octadecyltrimethylammonium bromide (ODTMA), 

C21H46NBr, didecyldimethylammonium bromide (DDDMA),C22H48BrN, and di(hydrogenated 

tallow)dimethylammonium chloride (tallow).The organoclays were tested for hydrocarbon 

adsorption (diesel, hydraulic oil and engine oil), that are likely to be involved in land-based oil 

spills. Greater adsorption was obtained if the surfactant contained two or more hydrocarbon long 

chains. 

The aim of the present research is to study the removal of oil from wastewater produced 

from washing unit of "South Baghdad Gas Power Plant" by using bentonitic organoclay. The 

organoclay was prepared by modifying Iraqi bentonite with quaternary amine 

(hexadecyltrimethyl ammonium chloride solution 25% wt./vol.). The operating conditions for oil 

removal were studied in details. Kinetics and adsorption isotherm were also predicted.     
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EXPERIMENTAL WORK 
 

MATERIALS 

 

Oily Water 

The oily water samples were collected from the washing unit of fuel oil in the South 

Baghdad Gas Power Plant. Oil concentrations used in this   study were within the maximum 

range of 230-1512 mg/L. The characteristics of oily water are shown in table 1.  

 

Table 1. Characteristics of oily water 

 

  

 

 

 

 

 

 

 

 

 
 

IRAQI BENTONITE 

 

The bentonite used in this study was calcium bentonite powder from the State Company 

for Geological Survey and Mining (Iraq). The characteristics of the bentonite are presented in 

table 2. 

HEXADECYLTRIMETHYL AMMONIUM CHLORIDE 

 

This type of surfactant was used to modify the hydrophilic nature of  bentonite to 

organophilic. It is produced by the Indian Company ,Unilab Chemicals and Pharmaceuticals 

PVT.LTD., as a solution in water with concentration of 24-26% (wt./vol.), pH value for 10% 

concentration of 2.8-3.2, and density of 0.97-0.98 g / cm
3
 at 20 

˚
C. 

  

Table 2. Characteristics of bentonite 

 

Characteristics Value 
Partical size, mm 0.075 

Cation exchange capacity (CEC), meq/100g 70-87 

Chemical (wt% dry basis) 

Silica (SiO2) 

Alumina (Al2O3) 

Ferric oxide (Fe2O3) 

Magnesium oxide (MgO) 

Calcium oxide (CaO) 

Sodium oxide (Na2O) 

Potassium oxide (K2O) 

Titanium oxide (TiO2) 

Loss on ignition (L.O.I) 

 

54.26 

14.87 

4.94 

3.8 

5.53 

0.98 

0.38 

0.75 

12.8 

Mineralogy 
momntmorillonite, palygorskite, 

calcite, feldspar, quartz. 

characteristics Value 
PH 10.13 

Oil and grease, mg/L  549 

Biological  oxygen demand (BOD), mg/L 156 

Chemical oxygen demand (COD), mg/L 120 

Chlorides, mg/L  230 

Nitrates, mg/L 16.1 

Phosphates, mg/L 0.92 

Sulphates, mg/L 14 

Total dissolved solids, mg/L  775 

Total suspended solids, mg/L 509 

Electrical conductivity 1446 
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EXPERIMENTAL PROCEDURE 

  
Synthesis of Organoclay 

 

Organoclay was prepared by adding the required quantity of hexadecyltrimethy ammonium 

chloride solution (25% wt./vol.) to the desired quantity of bentonite (particle size of 0.075 mm) 

in a stainless steel container and mixed thoroughly by hand. The produced paste was then 

introduced into a meat grinder and the product was collected in a container. The reacted material 

(organoclay) is then dried in an electrical oven at 60 
°
C for 48 hours and then ground by agate 

mortar followed by screening to particle size of 0.075 mm. Organoclay with ratios of 10, 20, 30, 

38 g amine/ 100 g bentonite was prepared in this study to find the best ratio of amine to bentonite 

that gives the highest oil removal efficiency.  

 

Oil Removal From Wastewater 

   

One liter of oily water was first placed into the glass beaker and a desired quantity of 

prepared organoclay was then added to the beaker. The materials were mixed using an electrical 

mixer at adjustable mixer speed for the required time. Then the slurry was filtered using vacuum 

filtration unit to separate organoclay from treated water. The filtrate was used for oil 

concentration measurement using partition graphmetric method 5520B (standard method, 1995). 

 

RESULTS AND DISCUSSION 

   

X-ray Diffraction Analysis of Bentonite and Organoclay 

 

Figures 1 and 2 show the interlayer spacings of natural bentonite and organoclay. Tables 3 

and 4 represent peak data list of these figures respectively. The organoclay and natural bentonite 

were previously dried at 60 
°
C. 

The properties of organoclays were investigated by basal x-ray diffraction analysis. The 

basal spacings of the original clays were changed from 14.256 to 18.470 Å. The organoclay 

displayed a greater interlayer spacing than the corresponding natural bentonite. This behavior 

was confirmed by Diaz et al. (2005) and Diaz (1999, 2001). 

 

 

 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 XRD of natural Iraqi bentonite. 
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Table 3. Peak data list of natural Iraqi bentonite. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 XRD of prepared organoclay. 

 

Table 4. Peak data list of prepared organoclay. 

 

 

 

INFRARED CURVES 

 

 The absorption of infrared radiation by clays was recorded over a range of 4000 to 400 

cm
-1

 as shown in figures 3 and 4 for natural Iraqi bentonite and prepared organoclay 

respectively. The natural clay showed characteristics smectitic clay mineral peaks at 470.6, 

524.6, 749.62, 918.05, 1033.77, 1635.52, 3417 and 3625.92 cm
-1

. The natural clay showed no 

intense peaks corresponding to organic matter at 1464, 2827 and 2909 cm
-1

.  Bala et al. (2000) 

assigned the 1464 and 2827 cm
-1

 peaks to the CH2 scissor vibration band and the symmetrical 

CH3  stretching absorption band respectively. The 2909 cm
-1

 peak was assigned to CH stretching 

band. 

The organophilic clay also showed the characteristic peaks of clay minerals, in spite  of 

being of  low density. This is an indication of the organophilic character of the clay. The organic 

Peak 

№ 

2theta(deg) d (Ǻ) I/I1 FWHM(deg) 

 

Intensity 

(counts) 

Integrated 

Int (counts) 
1 3.8481 22.9428

7 

4 0.63340 29 781 

2 6.1949 14.2557

4 

100 1.64190 782 28207 

3 8.6621 10.2000

7 

13 0.60000 98 2072 

Peak 

№ 

2theta(deg) d (Ǻ) I/I1 FWHM(deg) 

 

Intensity 

(counts) 

Integrated 

Int (counts) 
1 4.7808 18.46877 100 1.40150 471 13955 

2 8.4699 10.43109 10 0.64880 48 598 

3 14.0156 6.31370 4 1.07500 17 506 
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matter peaks at 1473.51, 2854.45 and 2923.88 cm
-1

 were sharper than those of the natural clay. 

The CH3, CH2 and CH bands confirmed the alkylammonium intercalation in the interlayer 

galleries of the clay mineral, and the lower intensity of the characteristic clay mineral peaks 

indicated the organophilic nature of the treated clay. 
             
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Infrared curve of  natural Iraqi bentonite. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Infrared curve of prepared organoclay. 

 

EFFECT OF BENTONITE QUANTITY ON OIL REMOVAL 

 

The ability of bentonite to remove oil from wastewater was studied by adding 5, 10, 15 and 

20 g of Iraqi bentonite to 1 liter of wastewater with initial oil concentration 871.8 mg/L. Mixer 

speed used was 450 rpm, and time 1 hour. The results of these experiments is shown in figure 5.  

Bentonite appears good capability for oil removal where the concentration of oil decreases 

rapidly from 871.8 to 298.4 mg/L when 5 g of bentonite is added. Using quantities of bentonite 

more than 5g, the concentration of oil decreases slowly until it reaches 183.4 mg/L for 15g of 

bentonite.  
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Oil concentration was not decreased below 10 mg/L (allowable limits of oil in the 

discharged effluents), as shown in, figure 5. This is because of the hydration of bentonite which 

causes that organic compounds with average molecular weights (amu) below 150 are weakly 

adsorbed or not adsorbed by pure montmorillonites  (bentonite) due to their relatively large 

solubility in water (unless they carry a charge and can enter into an exchange reactions). The 

interaction forces under these conditions are the same in magnitude as hydration forces, so that 

competition with water molecules for the solid surface dominates. Soluble compounds with 

molecular weights above 150 amu, whether or not charged are often adsorbed by 

montmorillonites due to their reduced solubility in water (Cadena, 1989).  
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Fig. 5 Effect of bentonite quantity on oil concentration. 

 

EFFECT OF QUANTITY OF ORGANOCLAY ON OIL REMOVAL 

 

The prepared organoclays with quaternary amine weight ratios of 10, 20, 30 and 38 g/100g 

bentonite were investigated to find the quantity of organoclay required to remove the greatest 

amount of oil from wastewater. Figure 6 shows the effect of quantity of organoclay (2, 5, 10, 15 

and 20g) on the concentration of oil in wastewater for the four organoclays prepared. One liter of 

wastewater with initial concentration of (1450 – 1512 mg/L), mixer speed 450 rpm, and time 1 

hour were used.  

As shown in figure 6, the concentration of oil in wastewater samples decreased rapidly as 

the quantity of organoclay increased until it reaches 10g for amine ratio of 10 and 2g for amine 

ratio of 20, 30 and 38 g amine/100g bentonite after which the concentration falls gently. The best 

quantity of organoclays were 20g for amine ratio of 10 g amine/100g bentonite and 15 g for 

amine ratios of 20, 30, and  38 g amine/100g bentonite respectively, where the lowest 

concentrations of oil obtained in treated water were 117, 13, 1 and 8.8 mg/L respectively    

Figure 6 also shows that the lowest oil concentrations of 1 and 8.6 mg/L are obtained for 

organoclay with amine ratios of 30 and 38 g amine/100g bentonite  respectively, which 

represents oil removal efficiency of 99.93% and 99.4% respectively.  
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The reason for the rapid decrease of oil concentration especially for organoclays with high 

amine ratio is due to the organophillic nature of the organoclay. The concentration of oil 

decreases gently after this rapid decrease because the surface of the organoclay is filled with the 

oil and much more organoclay must be added to remove extra amount of oil, also the oil 

concentration difference between the bulk of the liquid and the surface of the organoclay, which 

represents a driving force for oil adsorption, decreased gradually causing a decrease in the 

adsorption rate, so another surface layer of organoclay must be added to overcome this problem   

(Patle 2004).  

Mozed and Viraraghavan (2005), used organoclay to remove oil from produced water       

(a byproduct of oil and gas production) and they reach oil removal efficiency of 97%.  

Same results were obtained for initial oil concentration of   (255 – 264) mg/L, where best 

oil concentrations for treated water were 140, 20, 1 and 6 for  organoclays with amine ratio of 

10, 20, 30 and 38 g amine/100g bentonite respectively. In these experiments mixer speed was 

450 rpm and time 1 hour. The results are shown in figure 7. The results from figures 6 and 7 

prove that prepared organoclay can be used efficiently for removal of oil at wide range of 

concentration in wastewater. 
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Fig. 6 Effect of organoclay quantity on oil concentration for different weight ratio of 

amine to bentonite (C◦ = 1450–1512mg/L). 
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Fig. 7 Effect of organoclay quantity on oil concentration for different weight ratio of 

amine to bentonite (C◦ = 255–264 mg/L). 

 

EFFECT OF AMINE TO BENTONITE WEIGHT RATIO ON ORGANOCLAY 

ADSORPTION OF OIL 

 

In order to show the effect of weight ratio of amine to bentonite on oil removal, the 

equilibrium oil concentrations of treated water were plotted against amine to bentonite weight 

ratio figure 8. Mixer speed used for these experiments was 450 rpm, time 1 hour, quantity of 

prepared organoclays 20g for amine ratio 10 g amine/100g bentonite   and 15g for amine ratios 

20, 30 and 38 g amine/100g bentonite. One liter of wastewater was used with initial 

concentration of (1450 – 1512) mg/L. It can be seen clearly from figure 8 that the ratio of amine 

to bentonite has a significant effect on the oil removal efficiency where the concentration of oil 

decreases from 117 to 8.8mg/L as the amine ratio in organoclay increases from 10 to 38g 

amine/100g bentonite. The best amine ratio was 30g amine/100g bentonite, where oil 

concentration decreased to 1 mg/L.   

Figure 9 shows the effect of amine ratio for initial concentration of oil of                           

(255 – 264 mg/L). Similar effect is observed from this figure, where the best amine ratio was 30g 

amine/100g bentonite for which oil concentration decreased to 1 mg/L. 

The weight ratio of amine to bentonite was also represented in term of cation exchange 

capacity (CEC). The cation exchange capacity for bentonite is 80 meq/100g bentonite. Weight 

ratio of amine to bentonite was calculated from its relation with cation exchange capacity 

percentage, where 80 meq/100g bentonite represnts 100% CEC. The results cited in table 5 and 

appropriate equation to satisfy these results is found to be:  

 

              g amine/100g bentonite = 0.256 × % CEC                                       (1)                                 
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Fig. 8 Effect of amine to bentonite weight ratio on equilibrium concentration           

(C◦ = 1450–1512mg/L). 
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Fig. 9 Effect of amine to bentonite weight ratio on equilibrium concentration           

(C◦ = 255–264 mg/L). 
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Table 5. Amounts  of  amine  used  for  preparation of  bentonite organoclay  

(100% CEC equivalent to 25.6 g amine / 100g bentonite;  CEC for bentonite = 80 meq/100g bentonite) 

 
 

%CEC 

 

0 

 

39.1 

 

78.12 

 

117.18 

 

148.4 

 

g amine/100g bentonite 

 

0 

 

 

10 

 

20 

 

30 

 

38 

 

 

Figure 10 represents the effect of cation exchange capacity (%CEC) on the 

adsorption capacity.  
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Fig. 10 Effect of amine dosage (%CEC) on adsorption capacity of organoclay          

(C◦ = 1450–1512mg/L). 

 

Increasing amine dosage causes the increase of adsorption capacity of organoclay.         

30g amine/100g bentonite (117% CEC) shows the maximum oil removal. Oil adsorption 

increased rapidly in the range from 0 to 78.12% CEC, above which the amine dosage had small 

effect on adsorption capacity. 

 

EFFECT OF MIXER SPEED 
   

To show the effect of mixer speed on the removal of oil from wastewater by organoclay, 

four experiments were conducted for the mixing speed 50, 150, 250, and 450 rpm. Initial oil 

concentration was 1221 mg/L, time 0.5 hour, and 15g organoclay of 30g amine/100g bentonite 

added to 1 litter of wastewater. The results is shown in figure 11.  
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Oil concentration decreases as mixer speed increases and the lowest oil concentration 

(below 8 mg/L) observed for mixer speed higher than 250 rpm. Oil concentration decreases to 

3.2 mg/L for mixer speed 450 rpm.  

The results of the effect of mixer speed is not surprising, where oil concentration decreases 

as mixer speed increases due to the decreasing in the resistance to mass transfer for oil from bulk 

of the wastewater to the surface of organoclay. The resistance to mass transfer is due to the 

diffusion layer surround each particle of organoclay. Patel (2004) stated that the mass transfer 

mechanism for oil adsorption by organoclay is a two phase process and can be described as 

diffusion of oil from the oil-water emulsion to the surface of the organoclay and the adsorption 

of oil within the pore structure of the organoclay. 
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Fig. 11 Effect of mixer speed on oil removal using organoclay. 

 

 

BATCH KINETICS STUDY  

 

The plots of oil concentration versus time for initial oil concentration 1512 and 230 mg/L 

are shown in figures 12 and 13, respectively. In these experiments 15g organoclay of 30g 

amine/100g bentonite was added to 1 liter of wastewater and mixer speed fixed at 450 rpm.  

From these plots, the equilibrium time was found to be 30 minutes for both concentrations. 

Also, it can be seen from these plots that adsorption of oil by organoclay included two phase 

adsorption fast followed by slow rate adsorption . The elapsed time for the rapid adsorption rate 

was 10 minutes. The residual oil concentrations of 1.6 and 1.2 mg/L were observed after the 

rapid adsorption phase for initial concentrations of 1512 and 230 mg/L respectively.  
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Fig. 12 Equilibrium  time  for  the  adsorption  of  oil   by  organoclay 

(C◦ = 1512mg/L). 
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Fig. 13 Equilibrium  time  for  the  adsorption  of  oil  by   organoclay 

(C◦ = 230 mg/L). 

 

 



 A. H. Sulaymon                                                                     Removal Of Oil From Wastewater By Organoclay 

 J. M.  Kshash                                                           Prepared From Iraqi Bentonite 

 

 
8755 

 

 

 

 

Batch kinetic data was fitted to the Lagergren eq. (2) and Ho et al. eq. (3) models (Ho and 

McKay 1999; Ho et al. 1996) by non-linear regression analysis using software "STATISTICA".  

 

                                                                                                                            (2)                                          

                                                                                                                             

 

                           

                                                                                                                                      (3)        

                                                                                                                                       

 

Where: 

k  = equilibrium rate constant of sorption (1/h); 

k' = second-order reaction rate constant for adsorption (g/mg.h); 

qe = amount of metal ion adsorbed at equilibrium (mg/g); and 

qt =  amount of metal ion adsorbed (mg/g) at any given time t (h) 

 

Tables 6 and 7 show the Lagergren and Ho et al. models and parameters for the adsorption 

of oil by organoclay for initial oil concentrations 230 and 1512 mg/L. The Lagergren and Ho et 

al. models are plotted in figures 14 and 15 for both initial concentrations. 

 

Table 6. Lagergren and Ho et al models for the adsorption of oil by organoclay. 

 

Description Equation Correlation coefficient 

(r) 

Co = 230 mg/L 

Lagergren model 

Ho et al. model  

 

qt =14.78436-14.78436 exp (-3.9986 t)  

t/qt =1/[2×21.8776)(14.8126)2]+t/14.8126 

 

0.99713  

0.99678 

Co = 1512 mg/L 

Lagergren model  

Ho et al. model 

 

qt =100.307-100.307exp (-72.112 t)  

t/qt =1/[2×17.51504)(100.3683)2]+t/100.3683 

 

0.999939  

0.999930 

 

 

Table 7. Parameters calculated using Lagergren and Ho et al. model for the 

adsorption of oil by organoclay 

 

Description Lagergren model Ho et al. model 

k (1/h) qe (mg/g) k’ (g/mg.h) qe (mg/g) 

Co = 230 mg/L 53.9986 14.78436 21.8776 14.8126 

Co = 1512 mg/L 72.112 100.307 17.51504 100.3683 
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Fig. 14 Lagergren plot for the adsorption kinetics of oil by organoclay 
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Fig. 15 Ho et al. plot for the adsorption kinetics of oil by organoclay 

 

 

Based on the correlation coefficient values (r > 99%), it was found that  the adsorption 

kinetics for oily wastewater concentrations of 230 and 1512 mg/L can be will described by 

lagergren and Ho et al. model as well.  
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BATCH ISOTHERM STUDIES  

 

Several experiments were performed to study the isotherm of oil adsorption by organoclay. 

The quantity of organoclays were varied between 1 to 15 g and the concentration of oil in treated 

water was measured for each experiment. The organoclay used was 30 g amine/100 g bentonite 

and the mixer speed was 450 rpm, and time 0.5 hour. One liter of wastewater with oil 

concentrations of 245 and 1512 mg/L were used.  

From these experiments the adsorption capacity of organoclay,   mg oil adsorbed/ g 

organoclay (x/m), were calculated and plotted versus oil  concentration by using a non – linear 

isotherm models Freundlich eq. (4), Langmuir eq. (5) and BET eq.(6) (Reynolds and Richards 

1996).   

                                                                                                                           (4)      

                                                                                                                                     

 

 

                                                                                                                           (5)  

 

 

 

                                                                                                                           (6)    

  

 

 

Where: 

x  = mass of solute adsorbed to the solid (mg);  

m = mass of adsorbent used (g); 

k  = Freundlich equilibrium constant indicative of adsorptive capacity;  

n  = Freundlich constant indicative of adsorption intensity; 

Ce = concentration of solute in solution in equilibrium (mg/L); 

a = Langmuir constant; the amount of solute adsorbed per unit weight of an adsorbent    

in forming a complete monolayer (L/mg);  

b  = Langmuir constant (mg/g); 

A = a constant describing energy interaction between the solute and the adsorbent 

surface;  

Xm= amount of solute adsorbed in forming a complete monolayer (M/M);  

C = concentration of solute in solution at equilibrium (M/Ln
3
) in BET model; and  

Cs = saturation concentration of solute in solution (M/Ln
3
).  

 

The non–linear estimation was performed using the "STATISTCA" and shown in figures 

16, 17 and 18. The details of the regression equations obtained for the Langmuir, the Freundlich  

and  the BET  isotherms for  the adsorption  of  oil   from different  oily  waters  by   the 

organoclay  are  presented  in  tables  8 and 9. 

From the statistical analysis (high values of the correlation coefficients) it was found that 

generally the adsorption of oil by organoclay could  be well described  by the all three isotherm 

models (Freundlich, Langmuir and BET isotherm). The correlation coefficients were  in  the 

range of 92-94%  for  initial oil  concentration  245 mg/L, while it is  in  the range of  91- 92% 

for  initial oil  concentration 1512 mg/L. 

Maximum adsorption capacity 641.8 mg oil/g organoclay was found for initial oil 

concentration 1512 mg/L which represents 64.18% of the weight organoclay. Alther (1995, 
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1996b, 2002) reaches oil adsorption capacity up to 70% of the organoclay weight, and he stated 

that organoclays are capable of  removing  emulsified oils  from  water  by  up  to  about         

100 percent. 

 

Table 8. Regression equations of various isotherm models for oil adsorption by 

organoclay. 

 

 

Description 

 

 

Equation of regression 

 

r 

Co = 245 mg/L 

Freundlich 

Langmuir 

BET 

 

x/m = 1.3842 Ce(1/0.808)   

x/m = (0.00127×2624.677 Ce)/(1+0.00127Ce)  

x/m=(0.7478×856.3933Ce)/(Cs-Ce)×[1+(0.7478-1) Ce/Cs] 

 

0.93981 

0.92509 

0.94310 

Co = 1512 mg/L 

Freundlich 

Langmuir 

BET 

 

x/m = 68.23774 Ce(1/2.41173)   

x/m = (0.03597×658.377Ce)/(1+0.03597Ce)    

x/m=(68.53088×560.8312Ce)/(Cs-Ce)×[1+(68.53088-1)Ce/Cs] 

 

0.91648 

0.90869 

0.91583 

 

 

The values of parameters in the isotherm models applied to oily waters are presented in 

table 9. 

 

Table 9. Values of isotherm constants for bentonite organoclay 

 

Description 
Freundlich Langmuir BET 

k n a b A Xm 

 

Co = 245 mg/L 

 

1.3842 0.808 0.00127 2624.677 0.7478 856.3933 

 

Co = 1512 mg/L 

 

68.2377 2.41173 0.03597 658.377 68.53668 560.8312 

 

Depending on the isotherm figures, the strategy of choice of the adsorption capacity for the 

organoclay is that maximum adsorption capacity must be selected to get minimum oil 

concentration for the treated water. The weight of organoclay used for oil removal is calculated 

from  the selected adsorption capacity at the desired final oil concentration  of the treated water. 

Also isotherm  equations are used with  known initial and final oil concentration to calculate x/m 

from which the weight of oganoclay  can be determined. These calculations can be used 

successfully  in  the scale up of  adsorption  unit (design of batch adsorption unat).  
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Fig. 16 Freundlich  isotherm  for the adsorption of oil by organoclay 
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Fig. 17 Langmuir  isotherm  for  the adsorption of oil by organoclay 
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Fig. 18 BET  isotherm   for   the   adsorption  of  oil  by  organoclay  

 

CONCLUSIONS 
 

 Iraqi Bentonite has a good capability for oil removal where decreasing the oil concentration  

in waste water from 871 to 183.2 mg/L using maximum 20g/L of  bentonite. But the oil 

concentration can not be achieved to decrease below the recommended limit for oily 

wastewater discharge (10 mg/L). 

 Spectrophotometer measurements (XRD and FTIR) gave good approximation for the 

exchange of the quaternary amine (hexadecyltrimethyl ammonium HDTMA+ cation) in 

specify  place of ca
++

 at the surface of  bentonite to obtain organoclay. 

 The quantity of quaternary amine  that used in preparation of organoclay has very 

appreciable effect on the removal of oil from wastewater. As the weight ratio of quaternary 

amine in the organoclay increases then the oil removal increases. 15g/L of organoclay with 

amine ratio of 30g amine/ 100g bentonite is recommended to remove oil from wastewater 

 Mixer speed has a considerable effect on the removal of oil from wastewater. Oil 

concentration falls from 1221 mg/L to 3.2mg/L when mixer speed increased from 0 to 450 

rpm respectively for operating time of 0.5 hour.  

 Batch kinetic studies showed that equilibrium time was reached within 0.5 hour of contact 

between the organoclay and wastewater. 

 Results clearly followed that both pseudo first order (Lagergren) and pseudo second order 

(Ho et al.) models provided realistic descriptions of the kinetics of adsorption of fuel oil by 

organoclay. The correlation coefficients (r) obtained from “STATISICA PROGRAM” for the 

two models exceed 99%. 
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 The isotherm models ( Freundlich, Langmuir and BET) gave excellent fitting for the 

adsorption capacity of organoclay versus  equilibrium concentration of oil . The correlation 

coefficients (r) obtained from "SATISTICA PROGRAM" for these models were in the range 

of 90.87- 91.65% and 92.51- 94.31% for oil concentrations of 1512 and 245 mg /L 

respectively. 

 Organoclay prepared from Iraqi bentonite is very effective in removing oil from wastewater. 

The best results obtained for the removal of oil from wastewater with concentration of 

1512mg/L are 15g of prepared organoclay having 30g amine /100g bentonite added to 1 liter 

of wastewater for 0.5 hour and using mixing speed of 450 rpm to reduce the concentration of 

oil below 10mg/L which is the standard limit for discharge oily wastewater. 
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REGENERATION OF SPENT TRANSFORMER OIL 
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ABSTRACT 

The regeneration of spent transformer oil taken from Al-Dora power station was 

studied. The regeneration process includes settling, filtration, thermo vacuum 

evaporation, and clay treatment.  The settling was done by gravity to remove the 

mechanical particles. The filtration was done by filter paper [whatman quality1 and 

18.5 cm diameter].  Thermo vacuum evaporation at 175˚C and 241 mm Hg was used 

for removing the dissolved water and light petroleum impurities. The clay treatment 

was used for final improvement of transformer oil properties. Iraqi clay, Algerian clay 

and zeolite (A) were used and the results were compared. It was studied the effect of 

clay to oil ratio and the mixing time on the water content, break down voltage and the 

acidity.  It was considered that the best operation conditions are clay to oil ratio 2/100, 

and time 5 min.  In these conditions the oil has water content 32 ppm, break down 

voltage 55 kV and acidity 0.028 mg KOH/g oil.  It was found that Algerian clay gives 

better improvement than zeolite and Iraqi clay using the same operating conditions.  

Langmuir, Freundlich, and the combination of them adsorption isotherms were studied 

in this investigation and It was found that Freundlich adsorption isotherm well 

represented the adsorption of water on clay comparing with others isotherms. 

 الخلاصة

إْ عٍُّت إعادة . ج اٌّحىلاث اٌّسخهٍه واٌزٌ حُ أخزٖ ِٓ ِحطت وهشباء اٌذوسةحُ دساست عٍُّت إعادة اسخخذاَ صَ

حُ اٌخشسُب بىاسطت . وِعاٍِت بىاسطت الأطُاْ, حبخُش بىاسطت اٌحشاسة واٌفشاغ, حصفُت, الاسخخذاَ حخضّٓ حشسُب

سُ 17.4لطش , 1اْ ٔىعُت واحّ)عٍُّت اٌخصفُت بىاسطت وسق حصفُت   .اٌجاربُت الأسضُت لإصاٌت اٌعىاٌك اٌُّىأُىُت

ٍُِّخش  131َ و ˚164اٌخبخُش اٌحشاسٌ اٌفشاؼٍ ـٍ   .اسخخذِج لإصاٌت اٌشىائب اٌخٍ لا َّىٓ إصاٌخها باٌخشسُب( 

. صئبك اسخخذِج لإصاٌت اٌّاء اٌزائب و اٌٍّىثاث إٌفطُت اٌخفُفت اٌّسببت صَادة اٌحاِضُت ولٍت اٌعضي ٌٍضَج

ٓ  ٌٍخ إسخعٍّج   اٌطُُٕت اٌّعاٌجت ٍ   حسُ واٌضَىلاَج , اٌطُٓ اٌجضائشٌ, اٌطُٓ اٌعشالٍ.اٌّحىّلاث   صَج ٌخىاص إٌهائ

حُ دساست حاثُش ٔسبت اٌطُٓ اًٌ اٌضَج وولج اٌّضج عًٍ .  اسخخذِىا ٌٍّعاٍِت إٌهائُت وحُ ِماسٔت إٌخائج( أ)ٔىع 

 إْ ٔسبت اٌطُٓ إًٌ اٌضَج هٍ ٍُّت  اٌع ششوط   أـضً إْ َعَخبش   لذَ  . خىاص اٌّحخىي اٌّائٍ واٌعاصٌُت واٌحاِضُت

 ,ن ؾ 44 واٌعاصٌُت ، جضء باٌٍُّىْ 21ِائٍ  َىىْ ٌٍضَج ِحخىي  هزٖ اٌششوط ـٍ. دلُمت 4 وب ىلجّ ،111\1

ٌمذ وجذ اْ اٌطُٓ اٌجضائشٌ اـضً ِٓ اٌضَىلاَج واٌطُٓ اٌعشالٍ  .ؼُ صَج\ KOHٍِؽُ  1.117 وحّىضت

 اٌبحث هزا ـٍ وصُؽت اححادهّا لذ د س سَج, ـشَٕذٌج, لاِخضاص ٌىٔىّاَشصُػ ا .باسخخذاَ ٔفس اٌظشوؾ اٌخشؽٍُُت

 .ولذ وجذ اْ صُؽت ـشَٕذٌج ٌلاِخضاص حصؿ عٍُّت اِخضاص اٌّاء عًٍ اٌطُٓ أـضً ِٓ اٌصُػ الأخشي

 

KEY WORDS: Spent Lubricating Oil, Transformer Oil, Spent Mineral Oil, 

Regeneration, Insulating Oil, Clay Treatment,  
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INTRODUCTION  

Transformer oil is one of the lubricating oils and it has several main functions in a 

transformer; like cooling and electrical insulation. Besides those there are several 

secondary functions and properties expected from transformer oil [1]. Impurities in 

transformer oil are unavoidable, the primary impurities are moisture and dissolved 

gases and usually accompanied by solids [2].  Used lubricating and industrial oils 

present a serious pollution problem and it was estimated that less than 45% of available 

waste oil was collected worldwide in 1995 and classified according to current world 

regulations as hazardous waste due to the effects that they can have both on health and 

the environment [3, 4].  A large range of used (waste) oils can be recycled and 

recovered [5].  The change in the composition of transformer oil in operation is related 

to the chemical processes that occur in the dielectric medium under the action of 

temperature and high voltage. This leads to the oxidation and decomposition of 

chemical compounds that enter into the composition of the oil and to the appearance in 

it of new gases (CO, CO2, and volatile hydrocarbons), liquids (aldehydes, ketones, 

alcohols, acids, ethers, resins, and water), and solids (asphaltenes and carbenes) 

chemical products [6].  Water can be present in oil in a dissolved form, as tiny droplets 

mixed with the oil (emulsion), and in a free state at the bottom of the container holding 

the oil [7].  Regeneration is the procedure followed if oil purification is insufficient to 

return the oil to an acceptable condition and usually done by specialist companies [2, 

8].  This work deals with decreasing the mechanical impurities,  water content, and 

acidity and increasing the break down voltage of spent transformer oil, by settling, 

filtration, thermo vacuum evaporation, and clays treatment. 

 

MATERIALS AND METHODS 

 

A-Materials 

 

-Spent Transformer Oil: The raw material was the spent oil of type (Diala-D), 

Germany origin. This oil was used in Al-Dora power station for about 15 years in 

transformer to change the voltage from 6600 V to 380 V. The spent transformer oil has 

the properties illustrated in table 1. 

 

-Adsorbents: The Iraqi clay manufactured by the State Company for Geological 

Survey and Mining, Algerian clay (from Al- Dora refinery) and zeolite type (A) were 

used for final treatment of spent transformer oil.  Table 2 shows the properties of these 

clays, while figure 1 shows the X-ray analysis for the zeolite.  

 

Table 1 Properties of spent transformer oil 

 

 

The property The value 

Water content, ppm 50  

Break down voltage, kV 30  

Acidity, mg KOH/g oil  0.1122  

Specific gravity at 60/60˚F 0.87167 
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Table 2 Properties of clays 

 

 

 

 
 

Figure 1 X-ray analysis for the zeolite 

 

B-Methods 

 

- Settling: The mechanical particles would be found as impurities, the spent oil was 

settled for a week in a reservoir.  Settling was done by gravity because the mechanical 

particles are heavier than oil. 

- Filtration: The fine particles could not be settled by gravity so the filtration is very 

important step because it removes any remaining particles. The filter papers 

(WHATMAN type and quality 1, 18.5 cm diameter) were used for filtration.  Figure 2 

shows a photo for batch filtration unit.  To calculate the quantity of the remaining 

particles on the filter paper, the paper washed by gasoline. The gasoline dissolved the 

oil from the filtration paper and then the filtration paper put in oven at 100 ˚C for 3 

hours. 

The property The value (Iraqi clay) The value (Algerian clay) 

Particle size, micro meter Greater than 85 Greater than 85 

Ignition loss at 100˚C,  wt % 8 6 

SiO2, wt % 48 78 

Al2O3, wt % 34 12 

Fe2O3, wt % 4 2 

MgO, wt % 2 1 

CaO, wt % 4 1 
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Figure 2 Photo of Batch Filtration Unit 

- Thermo Vacuum Evaporation: This step took place at a temperature of 175˚C and a 

pressure of 241 mm Hg in a laboratory evaporation unit shown in figure 3.  During the 

thermo vacuum evaporation light petroleum impurities was separated.  The percentage 

of light petroleum impurities on the settled and filtered oil was 10.37 %.  

 

Figure 3 Photo of Thermo Vacuum Evaporation Unit 

-Adsorbents treatment: This is the final step of the treatment and used for final 

decreasing of water content in the oil. In this study the Algerian clay to oil ratio range 
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was 1/100 to 10/100 while contact time varied from 5 to 30 min.  All tests were taken 

place at 80˚C. Iraqi clay was tested at ratio 2/100 at different contact times, while 

zeolite was tested at ratio 1/100 and different contact times (5 – 30 min.).  523 g of the 

oil produced from thermo vacuum evaporation was injected into flask and heated up to 

80 ˚C.  Then, the specified quantity of clay or zeolite was added during mixing for 

specific contact time.  Figure 4 shows the unit of clay and zeolite treatment.   After 

specific contact time the mixture of the oil and adsorbent filtered by filtration paper 

[WHATMAN quality 1, having a diameter 18.5 cm] using the filtration unit shown in 

figure 2. 

 

 
 

Figure 4 Photo of Adsorbent Treatment Unit 

 

The clay that produced from the adsorption process was washed by a gasoline to 

dissolve the oil deposited on the clay and on filter paper for the adsorbate estimation.  

The washed clay and filtration paper were put in the oven at 100˚C to evaporate the 

gasoline from them. 
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RESULTS AND DISCUSSION  

 

-The Settling and Filtration Steps: The settling of spent transformer oil for one week 

resulted in 0.01% of mechanical impurities removal, while the filtration of the oil after 

settling removed 0.23 % of impurities.  This means that the total percentage of 

mechanical impurities removed by settling and filtration is 0.24 %. 

 

-The Thermo Vacuum Evaporation Step: The total light petroleum impurities 

removed during the thermo vacuum evaporation step was 10.37 % based on settled and 

filtered oil.  This means that the percentage of oil produced from thermo vacuum 

evaporation was 89.61 % based on the original raw material.  Table 3 shows the 

properties of the oil before and after thermo vacuum evaporation. 

 

Table 3 The Basic Properties of Spent Transformer Oil Before and After Thermo 

Vacuum Evaporation 

Property Before thermo vacuum 

evaporation 

After thermo vacuum 

evaporation 

Water content, ppm 50 42 

Break down voltage, kV 30 57 

Acidity, mg KOH/g oil 0.112 0.028 

 

-The Results of Clays and Zeolite Treatments: For reducing the water content down 

to acceptable value, clay treatment was used.  The Iraqi clay was used in 2/100 clay to 

oil ratio and duration time (5 - 30 min) at 80˚C.  The water content of oil decreased 

from 41 ppm to 39 ppm, this value is not acceptable by standard properties.  So, the 

Algerian clay was used in this step.  The operating conditions are clay to oil ratio 

(1/100 -10/100) and duration time (5 - 30 minutes) and temperature 80˚C.  Zeolite was 

also used using 1/100 zeolite to oil ratio, duration time (5 -30 minutes) and temperature 

80˚C.  The basic properties of the transformer oil after Iraqi clay, zeolite and Algerian 

clay treatments were presented in tables    4, 5 and 6, respectively. 
 

     Table 4 Water content of transformer oil after Iraqi clay treatment for 2/100 

clay to oil ratio 

No. Time, min Water content, ppm 

1 5 41 

2 15 39 

3 30 39 

 

Table 5 Water Content of transformer oil after zeolite treatment for 1/100 zeolite 

to oil ratio 

 

 

 

 

 

No. Time, min Water content, ppm 

1 5 40 

2 15 39 

3 30 38 
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Table 6 Basic properties of transformer oil after Algiers clay treatment  

 

 

- Effect of Algerian Clay to Oil Ratio on Water Content: Figure 5 shows the effect 

of Algerian clay to oil ratio on the water content at different duration time.  The 

increase of clay to oil ratio decreased the water content in the oil for the same 

contacting time because of the increasing of contact surface between the oil and the 

clay. 

 

- Effect of Mixing Time on Water Content: Figures 4-6 – 4-8 show the effect of 

mixing time on the water content at different adsorbent to oil ratio.  Whenever the 

contact time increases, the water content decreases for the same adsorbent quantity.  

Figure 6 shows a comparison between Algerian clay and zeolite treatments at different 

duration time.  This figure shows that the Algerian clay is better than the zeolite in 

removing dissolved water. Figure 7 shows a comparison between the Iraqi clay and the 

Algerian clay.  This figure illustrates that Algerian clay is better than the Iraqi clay.  

This may be because of the low percentage of silica in the Iraqi clay than the Algerian 

clay and the high percentage of Fe2O3, MgO, and CaO in the Iraqi clay as shown in 

table 2.  The silica had a large adsorption area and it was a good adsorbent for the water 

 

No. Clay to Oil Ratio Time, min Water  content, ppm B.D.V., kV 

1  

 

1/100 

5 36 - 

2 10 - - 

3 15 35.4 - 

4 20 - - 

5 30 34 - 

6  

 

2/100 

5 32 55 

7 10 - 54 

8 15 31 46 

9 20 - 44.5 

10 30 30 36.5 

11  

 

5/100 

5 26 52.5 

12 10 - 47 

13 15 23 45 

14 20 - 42 

15 30 22 35 

16  

 

7/100 

5 25 51.5 

17 10 - 46 

18 15 23 40 

19 20 - 35 

20 30 21 34 

21  

 

10/100 

5 25 51 

22 10 - 45 

23 15 22 38 

24 20 - 34 

25 30 20 32 
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Figure 5 Effect of Algerian clay to oil ratio on the water content at different 

mixing times 

 

 

 

Figure 6 Effect of mixing time on the water content at 1/100 Algerian clay and 

zeolite to oil ratio 

 

 

 



Journal of Engineering Volume   16  December  2010 Number  4 
 

 

 4716 

 

Figure 7 Effect of mixing time on the water content at 2/100 clays to oil ratio 

 

 
 

Figure 8 Effect of mixing time on the water content at 5/100, 7/100, 10/100 

Algerian clay to oil ratios 
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-  Effect of Algerian Clay to Oil Ratio on Break Down Voltage: Figure 9 shows the 

effect of clay to oil ratio on break down voltage at different contacting time.  The more 

important conclusion from this figure that the increases in clay to oil ratio give 

decreases in break down voltage for the same duration time.  This may be because the 

clay adsorbed the anti-oxidation additives presented in the oil. 

 

 
 

Figure 9 Effect of Algerian clay to oil ratio on the break down voltage at different 

mixing times 

 

- Effect of Mixing Time on Break Down Voltage: Figure 10 shows the effect of 

mixing time on break down voltage.  Whenever the mixing time increases, the break 

down voltage decreases at the same Algerian clay to oil ratio. 

 

 
  

Figure 10 Effect of mixing time on break down voltage at different Algerian clay 

to oil ratios  
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- Acidity Values: Table 7 shows the acidity values for oil produced uses Algerian clay 

and zeolite treatments. The increasing of clay to oil ratio at constant duration time or 

increasing duration time for the same clay to oil ratio resulted a decrease in acid value 

of the oil.  This is because the clay is a good adsorbent for the acidic impurities that 

found in the oil. 

 

Table 7 Acidity values 

No.  Clay to oil ratio Time, min.  Acidity mg KOH/ gm oil 

1  

 

        1/100 

5 - 

2 10 0.028 

3 15 - 

4 20 0.014 

5 30 - 

6  

 

        2/100  

5 0.028 

7 10 0.028 

8 15 0 

9 20 0.028 

10 30 0.014 

11  

 

        5/100 

5 0.028 

12 10 0.028 

13 15 0.028 

14 20 0.014 

15 30 0.014 

16  

 

        7/100 

5 0.028 

17 10 0.014 

18 15 0.014 

19 20 0 

20 30 0 

21   

 

       10/100 

5 0.014 

22 10 0.014 

23 15 0 

24 20 0 

25 30 0 

26  

 

  1/100 (zeolite) 

 - 

27  0.028 

28  - 

29  0.014 

30  - 

 

- Color Improvement: The color of Algerian clay treated transformer oil with 10/100 

clay to oil ratio was further improved by repeating clay treatment.  The Algerian clay 

was used in this treatment using 35/100 clay to oil ratio and 80 ˚C for one hour.  The 

color values for the spent oil, the oil treated in thermo vacuum evaporation and the 

improved color oil are 3.5, 6.3, and 0.4, respectively. 
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- Conclusion: The possibility of spent transformer oil  regeneration  was  studied in 

four stages, these  are settling, filtration, thermo vacuum evaporation, and clay 

treatment.  Iraqi clay was used in 2/100 clay to oil ratio for 5 – 30 minutes duration 

time using a temperature 80 ˚C but it decreased the water content from 41 ppm to 39 

ppm only.  The study of Algerian clay treatment at 80 ˚C, duration time range    5 – 30 

minutes and clay to oil ratio 1/100 – 10 /100 considerably decreases the water content.  

It could be considered that the best operating conditions for Algerian clay treatment are 

2/100 clay to oil ratio and 5 minutes duration time.  The values of water content, acidity 

and break down voltage in the above mentioned conditions were 32 ppm, 0.028 mg 

KOH/ g oil and 55 kV, respectively.  Zeolite treatment at 1/100 zeolite to oil ratio and 5 

– 30 minutes duration time using the same temperature (80 ˚C) gave worse 

improvement comparing with Algerian clay treatment.  Freundlich and Langmuir 

isotherms and the combination of them were applied to calculate the adsorption rates 

and it was found that Freundlich adsorption isotherm well represented the adsorption of 

water on clay comparing with others isotherms.  
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ABSTRACT 

     The separation of lead ions from wastewater was carried out in an electrocoagulation cell 

which has a set of electrodes, aluminum anode and stainless steel cathode. The effect of 

several working parameters such as pH, current density, initial lead concentration, electrodes 

surface area, gap between electrodes and sodium chloride concentration on the performance 

of electrocoagulation cell were examined. 

     From the experiments found that the higher removal efficiency achieved at pH 9, with 

increasing current density and decreasing gap between electrodes the removal efficiency 

enhanced and the treatment time decreased. Using a flowrate of 0.025 l/min after (7min) 

electrolysis, the Pb(II) concentration decay from (250mg/l) to only (2.5mg/l) corresponding to 

a 99% removal efficiency. 

Key words: heavy metals, wastewater, electrocoagulation. 

 

 

 الخلاصة

الحري جتحرو  علرط  ارو اًرود هري  الحخحيرز الهرزكييويراك  يةخل داخل يوًات ألزصاص في الوياٍ الصٌاعية الولوثة فصلثآ

, سالرة هلرل الذالرة التاه ريةاء  ألإعرذ  هحييرزات كالحري لررا جرعثيز علرط ي ر. ك او ياثود هي التذيذ الوقاكم للصذأ الألوٌيوم 

الوسراةة السراتية , الوسرافة يريي ألأ ارا , جزييش يلوريذ الصروديوم, درجة التزار , جزييش الزصاص ألأكلي, يلافة الحيار

 .للأ اا  كًوعيحرا جن دراسحرا

يلافررة الحيررار الحيررار كجقليررل كيشيرراد  ,  9جحرقررع عٌررذها جهرروى الذالررة التاه ررية هرري الحرررار  كجررذ اى أعلررط ي رراء  اسالررة      

 . يذلك كجذ اى ي اء  ألأسالة جحتسي عٌذ جقليل هعذل الرزياى. الوسافة ييي ألأفاا  جحتسي ي اء  ألأسالة كيقل ك ث الوعالرة

  

INTRODUCTION 

     One of the main causes of industrial pollution is the discharge of effluents containing 

heavy metals. Disposal of industrial wastewater has always been a major environmental issue. 

Pollutants in industrial wastewater are almost invariably so toxic that wastewater has to be 

treated before its reuse or disposal in water bodies [1]. 

     Lead ion is one of the most toxic species, it’s a natural constituent of the earth's crust, and 

it is present in many wastes as a result of its wide spread use. Because of its chemical 

properties, resistance to corrosion, ability to form desirable alloys and acceptable electrical 

conductivity, lead is used in a variety of application in the construction, communications, 
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energy production and distribution, pigments, dying and transport industries. An important 

use of lead is in lead-acid batteries [2]. 

     Lead ions not biodegradable and tend to accumulate in living organisms, causing various 

health problems. According to the world health organization, the acceptable range of Pb
2+

 in 

water is 0.01ppm [3]. 

     Various techniques have been employed for the treatment of heavy metals including 

precipitation, adsorption, ion-exchange, and reverse osmosis.  

     For many years the conventional treatment method for polluted water still used all-over the 

world without significant change. It includes dosing the chemical coagulant, such as 

aluminum sulfate and ferric chloride, the metal ions agglomerate the pollutants causing them 

either to sink to bottom or become sufficiently large that they can be filtered out or floated out 

using dissolved air flotation. 

     This method of treatment has certain drawbacks like handling large quantities of chemicals 

and production large volume of sludge causing disposal problem. Therefore there is an urgent 

need to develop innovative and more effective techniques for treatment of wastewaters. 

Electrochemical techniques have attracted, in this case, a great deal of attention because of 

their versatility, safety, selectively, amenability to automation and environmental 

compatibility [4].  

     Electrocoaculation appears to be one of the most effective approaches. An electro     

coagulation reactor is an electrochemical cell wherein a sacrificial metal anode usually 

aluminum but occasionally iron is used to dose polluted water with a coagulating agent [5]. In 

this process, the treatment is done without adding any chemical coagulant or flocculent, thus 

reducing the amount of sludge which must be disposed [6]. The electrocoagulation has been 

successfully used to treat heavy metal containing solutions [4,7,8], dye-containing solutions 

with a removal efficiency as high as 99% [9], potable water[10], urban and restaurant 

wastewater[11], oil-water emulsions [12] and phenolic compounds [13]. Electrocoagulation 

compared with other techniques has many advantages, such as fast rate of removal pollutant 

particles, simple equipment and easy operation, reduction or absence of equipment for adding 

chemicals, and a decreased amount of precipitated or sludge. However the most disadvantages 

of EC is the sacrificial electrodes are dissolved into wastewater streams as a result of 

oxidation and need to be regularly replaced. 

     The objective of the present work were (1) to examine the applicability of 

electrocoagulation process for removal of lead from simulated wastewater and (2) to 

determine the effects of various parameters such as pH, current density, initial lead ion 

concentration, sodium chloride concentration, electrolysis time, electrode surface area, gap 

between electrodes and solution flowrate on the removal efficiency. 

 

 

- EQUIPMENT AND MATERIALS 

Materials   

 
     Synthetic polluted water samples with various concentrations of lead were prepared by 

dissolving lead nitrate Pb(NO3)2 (fluka products)without any further purification in deionized 

water. The required mass of Pb(NO3)2 were calculated as follows: 

………(1) wtAt
wtM

iCVW
.
.                                    

Where: 

W: Weight of Pb(NO3)2  (g) 

V: Volume of solution    (3L)  
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Ci: Initial concentration of lead ions in solution (g/L) 

M.wt: Molecular weight of Pb(NO3)2   (331.21g/mole) 

At.wt: Atomic weight of lead (207.21g/mole) 

 

     In order to increase the conductivity of the solution, sodium chloride was added to the 

solution before injecting it into the cell. The chloride salt added to the solution can also 

prevent the formation of oxide layer on the anode and therefore reduce the passivation 

problem of the electrode.  

 

     The initial pH of the solutions was adjusted by adding either (1M) hydrochloric acid or 

(1M) sodium hydroxide. 

     The standard solutions used in the atomic absorption analysis were prepared using a 

Titrisol standard solution from merck. 

 

Reactor design and procedure for Pb(II) removal 

 

     The experimental work was performed in two parts (batch and continuous modes). The 

effect of pH, current density, lead ions concentration, NaCl concentration, electrolysis time, 

surface area and gap between electrodes were studied.  

     A schematic diagram of the experimental set-up is shown in fig.(1). 

 

 

 

 

 

 

  

 

 

 

 

 

                              (a)                                                                    (b) 

Fig.(1): Schematic diagram of batch and continuous experimental. 

                                          (a): Batch mode, (b): continuous mode 

     The batch electrocoagulation cell (fig 1-a) was constructed from 6mm thickness of glassy 

material with a square cross section and effective volume of (4L). 3L of polluted water was 

introduced into EC cell for each experiment. The cell comprised of two parallel plate 

electrodes, Al as anode and St.St. as cathode of 99% purity. 

     The two electrodes dipped in wastewater with a variable distance (1-4)cm between them. 

The electrodes were connected to the terminals of a DC power supply and the electrical circuit  

switched on as soon as the electrodes were covered by the wastewater. The desired current 

was achieved by altering the voltage of the electrical circuit. 

     Samples of 5ml withdrawn from the cell each (3min) and then these samples were filtrated 

and taken to be analyzed. At the end of each run, the system was washed several times with 

water and once with HCl to remove any solids tended to cling at the inside walls of the cell 
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and to avoid passivity of the electrodes. The same procedure was applied in continuous mode 

(fig.1-b) where the EC cell of (3.5L) effective volume and divided into two compartments 

with dimensions of (9*12*30cm)and (9*12*9cm). The first compartment is provided with 

two electrodes Al as anode and St.St. as cathode. This compartment receives the polluted 

water from a conical flask by using the regulator of dosing pump. While, the effluent 

undergoes settling the suspended solids at the second compartment, where the samples were 

collected. 

 

BRIEF DESCRIPTION OF ELECTROCOAGULATION MECHANISM 

 
     The main reaction occurring during the electrolysis in the electrochemical cell produced 

aluminum ion at anode and hydroxide as well as hydrogen ions at cathode as shown below: 

                     ……….(2)
  eAlAl 33

Anode reaction                        

 

                    ……..(3) 22 222 HOHeOH  
    Cathode reaction  

 

 

     In addition the active metal cation (Al
3+

) react with hydroxide ions (OH
-
) to form a metal 

hydroxide Al(OH) 3 which then acts as a coagulant with the pollutant particles and metal 

hydroxide forming layer aggregates which may settle out or be carried to the surface by 

hydrogen bubbles produced at the cathode [14]. The equilibrium for the aluminum water 

system occurs as a result of passivation (i.e. formation of an oxide layer) and corrosion is 

identified. The presence of the chloride ion in solution has been reported to decrease 

passivation and thereby increase electrocoagulation treatment efficiency. The mechanism for 

chloride ion reducing passivation of the oxide layer formed on aluminum as shown in 

equations below: 

 

……....(4) 

 

………(5) 

 

  

RESULTS AND DISCUSSION 

 

     In order to examine the efficiency of electrocoagulation process for removing lead ions. 

Several operating parameters such as pH, current density, initial lead concentration, electrodes 

surface area, gap between electrodes and sodium chloride concentration have been explored. 

 

Effect of initial pH 

 

     pH has a considerable effect on the performance of electrocoagulation process [11], also 

the pH of the medium change during the process. This change depends on the type of 

electrode material and initial pH. In this study a series of experiments were performed, using 

solutions containing Pb
2+

 of (250 mg/l) each, with an initial pH varying in the range (3-10). 

The effect of initial pH on the removal efficiency is shown in figure (2), it can be seen that the 

removal efficiency (Re) after (20 min) electrolysis time at (5.49 mA/cm
2
) current density 

reached values as high as 99% when pH equal 9. At pH of 10, the removal rate was slower by 

about (60 min), however it showed a good removal rate later. In contrast, when the initial pH 

233 HAlClHClAl 

HClOHAlOHAlCl 3)(3 323 
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is decreased, a dramatic decrease of the removal efficiency is observed (40%) after (120 min) 

at pH equal to 3. The decrease of removal efficiency at a pH less than 5 was attributed to an 

amphoteric behavior of Al(OH)3 which lead to soluble Al
3+

 cations when the initial pH is low 

and to monomeric anions Al(OH)4
-
 when the initial pH is high [15]. These soluble species are 

useless for water treatment. When the initial pH was kept in the range (5-9), all aluminum 

cations produced at the anode formed polymeric species Al13O4(OH)24
7+ 

[16], and precipitated 

Al(OH)3 leading to a more effective treatment. 

     The treatment induced an increase in pH by about (1-2) unit at the first (2-3 minutes) and 

then decreased. This might be explained by the excess of hydroxyl ions produced at the 

cathode in sufficiently acidic conditions and by liberation of OH
-
 due to occurrence of a 

partial exchange of Cl
-
 with OH

-
 in Al(OH)3 [7]. 

     As a result of the previous discussion of the effect of pH on the removal efficiency, the 

initial pH was adjusted to 9 for all subsequent studies. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (2): Variation of lead removal efficiency with different pH. 

(Vertical Al/St.St electrodes, i=5.49mA/cm
2
, [lead] =250ppm, 

[NaCl] =200ppm, gap=2cm, T=20ºC). 

 

Effect of current density  

 
     Current can be directly controlled in batch electrocoagulation runs. It is significant because 

it directly determines both coagulant dosage and bubble generation rate, also influences both 

mixing and mass transfer at the electrodes [5]. 

     In this study, the current intensity was varied in the range (0.25-1.5)Ampere which linearly 

corresponds to (0.915-5.49 mA/cm
2
) current density defined as current divided by electrode 

active area in an attempt to investigate the influence of this parameter on the removal 

efficiency of lead. 

     The variation of removal efficiency with different current density (0.915-5.49 mA/cm
2
) is 

shown in figure (3). From this figure it can be noticed that the removal efficiency increased 

upon increasing current density. The highest current density (5.49 mA/cm
2
) produced the 

quickest removal rate with a 99% concentration reduction occurring just after (20min). 

     This behavior is explained by the excess amount of aluminum and hydroxide ions 

generated at a given time within the electrocoagulation cell which are related to the current 

flow using Faraday's law [7]. 
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…….(6)                  zF
ItMw 

 

 

Where: W is the amount of aluminum dissolving (g/cm
2
), I is the current density, t is the time, 

M is the molecular weight of aluminum (g/mol), z is the number of electrons transferred in the 

reaction and F is the Faraday's constant (96486 C/mol) which leads to increase the floc 

production, also bubbles density increase and their sizes decrease resulting in a more efficient 

and faster removal. The relationship between current density and amount of aluminum 

released is shown in figure (4). 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

Fig.(3):Variation of lead removal efficiency with different current density. 

(Vertical Al/St.St electrodes, pH=9, [lead] =250ppm, [NaCl] =200ppm,                                                                    

          gap=2cm, T=20ºC). 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.(4):Relation between current density and Al released. 

( Vertical Al/St.St electrodes, pH=9, [lead] =250ppm, 

[NaCl]=200ppm, gap=2cm, T=20ºC). 

 
Effect of initial lead concentration 

     The effect of various lead concentrations (50-250ppm) on the removal efficiency in the 

electrocoagulation cell is investigated and plotted in figure (5). As expected, it appears that 

the removal efficiency decreased upon increasing initial concentration. It is clear from figure 

(4) that in higher concentrations, longer time is needed for removal of lead, but higher initial 
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concentration of lead were reduced significantly in relatively less time compared to lower 

concentrations. 

The time taken for reduction thus increase with the increase in concentration. This decreased 

is explained by the theory of dilute solution. In dilute solution, formation of the diffusion 

layer at the vicinity of the electrode causes a slower reaction rate, but in concentrated solution 

the diffusion layer has no effect on the rate of diffusion or migration of metal ions to the 

electrode surface [17], however 20 min was necessary to achieve 99% removal efficiency. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(5):Variation of lead removal efficiency with different initial 

lead concentration.(Vertical Al/St.St electrodes, pH=9, i=5.49 

mA/cm
2
, [NaCl] =200ppm, gap=2cm, T=20ºC). 

 

centrationEffect of sodium chloride con 

 

     Sodium chloride concentration was varied in the range (100-400 ppm) to evaluate the 

impact of solution conductivity on the electrocoagulation efficiency. As shown in figure (6), 

the highest NaCl concentration produced the quickest removal rate with (99%) removal 

efficiency occurring just after 15min; however 20min was necessary to achieve the efficient 

removal of lead. 

     This behavior is attributed to the change in the ionic strength effects on the solution which 

leads to destabilization between charged species and lead ions during the treatment [4]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6): Variation of lead removal efficiency with different NaCl                                               

               concentration (Vertical Al/St.St electrodes, pH=9, [lead] =250ppm, 

gap=2cm, i=5.49mA/cm
2
, T=20ºC). 

0

20

40

60

80

100

0 5 10 15 20

Time (min)

R
e
m

o
v
a
l 

e
ff

ic
ie

n
c
y
 %

[c]=250ppm

[c]=200ppm

[c]=150ppm

[c]=100ppm

[c]=50ppm

0

20

40

60

80

100

0 5 10 15 20

Time (min)

R
e
m

o
v
a
l 

e
ff

ic
ie

n
c
y
 %

[NaCl]=100ppm

[NaCl]=200ppm

[NaCl]=300ppm

[NaCl]=400ppm



A.A.Mohammed                                                                    Removal of lead from simulated wastewater 

M.Dhia Fadhil                                                                        by electrocoagulation method 

 

 1151 

 

Effect of electrodes spacing 

     The effects of electrodes spacing on the removal efficiency is shown in figure (7). It seems 

from this figure that faster removal happened with decreasing electrodes gap, and this is due 

to increase the current passage through the cell which lead to increase the amount of Al
3+

 

released in the solution (The resistance of the solution decrease with decreasing the gap). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7): Variation of lead removal efficiency with different gap. 

(Vertical Al/St.St electrodes, pH=9, [lead] =250ppm, 

[NaCl] =200ppm, i=5.49mA/cm
2
, T=20ºC). 

 
Effect of electrodes surface area 

     Two electrodes sizes with different types (Al/St.St and Al/Al) are used to investigate their 

effect on the electrocoagulation efficiency. The results are shown in figures (8) and (9) 

respectively. 

     Figure (8) indicate that increasing the active area from (101.95 to 273.12 cm
2
) enhanced 

the removal efficiency and reducing the treatment time required, the explanation of this 

phenomena as follows: larger electrode surface area resulted in a great dispersion of bubbles 

throughout the reactor, whereas a smaller electrode surface area resulted in a concentrated 

source of bubbles within the reactor, and with increasing the dispersion of bubbles in the 

reactor, probability of collision between the bubbles and coagulant increased leading to 

increase the removal efficiency.  

     Figure (9) shows that the removal efficiency influences with different electrodes type. 

From this figure, it can be seen that Al/Al electrodes produced the quickest removal rate with 

a 99% concentration reduction occurring just after 5min. However 20min was necessary for 

Al/St.St to achieve nearly the same removal efficiency for Al/Al electrodes. This is due to that 

with using Al/Al electrodes both anode and cathode release Al
3+

, thus increased the amount of 

aluminum hydroxide which lead to enhanced the removal efficiency. 

0

20

40

60

80

100

0 5 10 15 20

Time (min)

R
em

o
va

l 
ef

fi
ci

en
cy

 %

Gap=1cm

Gap=2cm

Gap=3cm

Gap=4cm



              Journal of Engineering Volume   16  December  2010 Number  4 
 

 

 

 1159 

0

20

40

60

80

100

0 5 10 15 20

Time (min)

R
e
m

o
v
a
l 

e
ff

ic
ie

n
c
y
 %

Al/St.St Eletrodes

Al/Al Electrodes

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(8):Variation of lead removal efficiency with different electrodes surface area 

(Vertical Al/St.St electrodes, pH=9, [lead] =250ppm, [NaCl]=200ppm, gap=2cm,                   

I=1.5A/,T=20ºC). 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(9):Variation of removal efficiency with different electrodes. 

(pH=9, [lead] = 250ppm, [NaCl] =200ppm, gap=2cm,                                                                

 i=5.49mA/cm
2
,T=20ºC). 

 

ous mode uContin 

 Effect of wastewater flowrate 

      

     To investigate the effect of liquid flowrate containing lead ions on the electrocoagulation 

efficiency, a series of experiments carried out on solutions containing a constant lead 

concentration (250mg/l) where the initial pH was fixed at 9, flowrate being varied from 

0.025-0.15 l/min at 5.49 mA/cm
2
 current density by using (Al/St.St) electrodes. 

     Figure (10) represent the relationship between removal efficiency and treatment time for 

different flowrate. It is noted from this figure that the removal efficiency decreased upon 

increasing solution flowrate. This reduction in efficiency is explained by the decrease of 

residence time in the electrocoagulation cell with increasing solution flowrate. Indeed the 

amounts of aluminum and hydroxide ions generated at a given time is constant since the 

current density is constant. 
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Fig.(10): Variation of lead removal efficiency with different flowrate. 

(Vertical Al/St.St electrodes, pH=9, [lead] =250ppm, [NaCl] =200ppm,                                    

 gap=2cm, i=5.49mA/cm
2
, T=20ºC). 

 

CONCLUSIONS  

     In the present study the applicability of electrocoagulation process in the treatment of 

polluted water containing lead ions has been investigated. The effect of different operating 

parameters (pH, current density, initial lead concentration, electrodes surface area, gap 

between electrodes and sodium chloride concentration) on the electrocoagulation efficiency 

have been studied and the results can be summarized as follows: 

 

 With regard to pH, the highest removal efficiency with shorter time achieved at pH 9. 

 The removal rate was shown to increase upon increasing the current density. While the      

    removal rate decrease with increasing initial lead concentration. 

 The removal efficiency increased and the treatment time decreased with increasing 

sodium      chloride concentration. 

 An aluminum electrodes where preferable for electrocoagulation treatment of lead due to  

      higher removal efficiency (99.08%) in 10min compared with 99% in 20min for St.St   

           cathode. 

 With respect to electrode size the best removal obtained at the higher electrode surface 

area     and lower spacing between the electrodes due to the grater dispersion of bubbles    

                  throughout the reactor. 

 With increasing the initial lead concentration the time required to achieve the highest         

     efficiency increased but that higher initial concentration of lead was reduced in 

relatively        less time than the lower concentrations. 

 With respect to solution flowrate the removal efficiency decreased with increasing             

     flowrate. 
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ABSTRACT 

       The Tigris River is one of two major sources of surface water in Iraq, with 1900 km length, 1415 

km of which are in Iraq. Increasing demands of the river water for beneficial uses lead to increase the 

concern about its quality. 

      World Health Organization (WHO, 2004) and Iraqi Quality Standards (IQS, 2001) have been 

adopted along the river to compare and examine the degree of permissibility of polluted parameters 

T.H, SO4
-2

, Cl
-1

, and T.D.S for drinking use, whereas American Salt Laboratory Standards has been 

adopted basing on SAR and EC for irrigation use. Different international methods have been applied to 

classify the water quality index for the Tigris River at north of Baghdad station which are Brown 

(1970), Mecllelend (1974), and Bhargava (1983). 

      A general program was constructed to estimate the surface water quality variation with time and 

location for drinking and irrigation adopting Bahrgava,1983 method, since it is more effective in 

dealing with many sensitive functions related to the pollutant parameters through the analysis of T.H, 

SO4
-2

, Cl
-1

, T.D.S, EC, Ca
+2

, SAR, pH, and BOD which are the relative parameters to the previous 

mentioned beneficial uses. 

      The program use Visual Basic Studio, 2008 language as a tool because it is easy to operate 

automatically by engineers or the decision makers for the water quality assessment. Thirteen stations 

along Tigris River were taken in the analysis, starting at Feeshkabour and ending at Al-Qurna. The 

historical recorded data which were used had been selected through 2007/2008 as a monthly base.  

      In general, the results showed that the Tigris River is class I to II for irrigation use, while its class 

ranges from II –V for drinking use. According to these classes, the Tigris River is divided into two 

reaches as follows: 

 From Feeshkhabour to Tarmiyah, the water quality index (WQI) is classified as class I for 

irrigation, and class II for drinking use. 

 From North of Baghdad till Qurna, WQI is classified as class II for irrigation, and class IV for 

drinking use. 

    The results also indicate that there is an increase in T.H values leading to deterioration in water 

quality for drinking use; also, an increase in SO4
-2

 parameter after Tarmiyah, and Cl
-1

 parameter after 

Kut that affects the suitability of water for irrigation use. 
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      Finally, different suitability maps are constructed to classify water of 2007/2008 for irrigation and 

drinking use, which will be a base to trace the type of pollutants and their weight that cause the 

deterioration of the previously mentioned uses. 

 
  
 :     الخلاصة 

الازدٌاد  كم داخل العراق وبسبب 0101كم منها  0011حٌث ٌبلػ طوله  الرئٌسٌة للمٌاه فً العراق درانهر دجلة احد المص أن       

ام ازدٌاد الطلب على الموارد المائٌة للاستخدامات الحٌاتٌة المختلفة وبالتالً زٌادة الاهتم ادى الىالحاصل فً عدد السكان ونشاطاتهم 
 .بنوعٌة المٌاه والسٌطرة على مقدار التلوث فٌها

T.H, SO4)للعناصر المقاسة 8112/8112فً هذا البحث تمت مقارنة نوعٌه مٌاه نهر دجلة للسنة المائٌة         
-2

, Cl
-1

, T.D.S  )

عتماد مواصفات لاؼراض الشرب وا( IQS, 2001)و المواصفات العراقٌة( WHO, 2004)مع مواصفات منظمة الصحة العلمٌه

 . لمقارنة نوعٌة المٌاه لاؼراض الري( SAR, EC)مختبر الملوحة الامرٌكً الذي ٌعتمد فً تصنٌفه على قٌم 

لحساب مؤشر نوعٌة المٌاه  فً محطة شمال بؽداد تم مقارنة ثلاث طرق عالمٌة مختلفة معتمدة فً تصنٌؾ المٌاه السطحٌة        
(WQI ) ًوه(Brown/1970, Mccllend/1974, and Bhargava/1983  ) ومن ثم تم بناء برنامج بلؽةVisual Basic 

Studio/2008  كوسٌلة كفوءة وسهلة للمتابعة والاستفادة من قبل المهندسٌن لحساب(WQI ) بالاعتماد على طرٌقة

Bhargava/1983 لتصنٌؾ صلاحٌة مٌاه نهر دجلة لإؼراض الري والشرب. 

T.H, SO4)لملحٌةتم تحلٌل العناصر ا        
-2

, Cl
-1

, T.D.S, EC, Ca
+2

, SAR, pH, BOD ) كمعدلات شهرٌة للسنة المائٌة

واستخراج القٌم المقابلة لوزن كل عنصر ومن ثم استخراج النسبة المئوٌة لمساهمة كل عنصر فً صلاحٌة المٌاه  8112/8112

 .الؽرضلاستخدامات الري والشرب من خلال المنحنٌات الخاصة المعتمدة لهذا 
, سدة سامراء, تكرٌت, الشرقاط, الموصل, مقدم سد الموصل, فٌشخابور)تم تحلٌل ثلاثة عشر محطة على نهر دجلة وهً         

 (.   العمارة والقرنة, الكوت, العزٌزٌة, جنوب بؽداد, شمال بؽداد, الطارمٌة
 (I)ر دجلة بصورة عامة لاستخدامات الري تتراوح من رتبة وقد أوضحت النتائج المستحصلة من البرنامج إن تصنٌؾ المٌاه لنه      

لتحالٌل إلى لعلى أساس المعدل السنوي النهر وقد تم تقسٌم ( V)إلى رتبة ( II)وللاستخدامات الشرب من رتبة  (II)إلى رتبة 
 :مقطعٌن بالاستناد إلى النتائج المستخرجة 

 ٌاه من فٌشخابور إلى الطارمٌة حٌث ٌكون مؤشر نوعٌة الم(   (WQI للري رتبة(I ) وللشرب رتبة(II . ) 

  من شمال بؽداد إلى القرنة حٌث ٌكون للري رتبة(II ) وللشرب رتبة(IV.) 
على طول النهر أدى الى تردي نوعٌة المٌاه للاستخدامات الشرب   T.Hبٌنت النتائج ان هنالك دورا لارتفاع تراكٌز      

SO4إضافة لارتفاع تراكٌز 
بعد محطة الكوت وأخٌرا تم بناء خرائط تبٌن صلاحٌة  Cl-1طة الطارمٌة وتراكٌز بعد مح 2-

لاستخدامات الري والشرب ؛ وهذه الخرائط ستكون قاعدة لاستتباع الملوثات  8112/8112ر دجلة للسنة المائٌة مٌاه نه

 .ومعرفة وزن تأثٌرها فً التردي
 
 

KEY WORD: 

WQI, Drinking Water,    Irrigation 

 

INTRIODUCTION 

Surface waters are facing an increasing problem through the disposal of pollutants due to the 

rapid growth of industrial and municipal activities because of the increasing of population growth as 

well as the increase of land drainage due to agricultural activities. Thus, there have been increasing 

concerns about the management of water quality all over the world. 

A river can be classified into various grades indicating the beneficial use(s) to which it can be 

put to. The grades are based on the permissible limits of relevant pollution parameters (water quality 

variables) or standards, set by the various authorities. Depending on the quality of water in various 

stretches of a river, the river can be zoned according to stretch suitability for the beneficial use(s). It 

would be appropriate to base river classification on the ranges of an index representing the integrating 

effect of the concentrations and importance values of the relevant variables for a use. 
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The Tigris River is one of the major sources of surface water in Iraq; so, studying its quality 

and quantity and its management has become one of the major concerns. Thirteen stations on the River 

are taken in the analysis (Feeshkhabour, U/S Mosul Dam, Mosul, Shirkat, Tikrit, Samara Barrage, 

Tarmiyah, North of Baghdad, South of Baghdad, Al-Azeezia, Kut, Al-Amara, Qurna). The monthly 

historical recorded data includes nine pollutant parameters (T.H, SO4
-2

, Cl
-1

, T.D.S, EC, Ca
+2

, SAR, 

pH, and BOD) to evaluate the water quality for irrigation and drinking uses. 

Objectives of the Research  

 To study the variation of the water quality parameters for the Tigris River according to the 

beneficial uses. 

 To construct a general program to classify surface water quality using Visual Basic language. 

 To evaluate the importance of each pollutant parameters on the beneficial uses. 

 To trace the cause of deterioration in water quality locally. 

 To build suitability maps for irrigation and drinking use for Tigris River. 

 

Literature Review 

            Water Quality Index(WQI) was first mentioned by Horton (1965), which was considered as an 

effective tool for collecting various sorts of water quality data to enhance representing them by a 

principal parameter. He used the WQI to classify water and to identify eight physical and chemical 

determinants to estimate the degradation of water quality. Also, Horton proposed the rating scales and 

the weightings for the determinants to give the relative importance for each determinant in the water 

quality. The formula which he used is eq. (1): 

 

 

 

                                    (1) 

 

 

 

Where: 

WQI: water quality index 

Ci : the rating of the i th determinant 

n: number of determinants 

M1, M2: additional determinant parameters 

Wi: the weighting of the i th determinant. 

     

Brown et al., (1970) developed the theoretical idea of choosing the determinants of WQI in 

addition to determine the relative weights and the rating scales depending on the questionnaires which 

are distributed among water experts in the United States. They used the arithmetic weighted mean to 

determine the WQI as eq.2: 
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Wi: weighting of the i th determinant and this value varies from (0-1) and ∑wi =1; 

n: number of determinants. 

               Mccllelland et al., (1974) studied the WQI of Kansas River adopting Browen's study (1970). 

They concluded that the multiplicative weights were the most appropriate for this purpose, because of 

their sensitivity to the changes which occurred in the water quality. This method was later known as 

the Geometric Weighted Mean eq. (3):            
  

                 

wi
i

qn
i

WQI
1


                                               (3)   

                             

             Bhargava (1983) studied the WQI to evaluate the water quality for several activities in Ganga 

River in India and Saigon River in Vietnam using the sensitivity function method. He transferred the 

values of variables according to the standard specifications on (0 – 1) scale. This index was used to 

classify rivers into five groups and to determine WQI for each activity of different water activities 

depending on the variables which affected that activity.  

           Al-Ansari and Al-Sinawi (1985) studied the water quality of the Tigris River in Baghdad City 

using multi-variate analysis. They had selected (9) variables (TDS, Ca
+2

, Mg
+2

, Na
+1

, K
+1

, Cl
-1

, SO4
-2

, 

HCO3
-1

, and CO3
-2

) with the discharge (Q) for the period 1967-1985 to evaluate the water quality of 

the river in Baghdad. Their results showed that, the continuous decrease of flow and the simultaneous 

increase in agricultural and industrial development with time, showed general deterioration in water 

quality of the Tigris River in Baghdad over the period of study. 

Al-Ani (1988) studied the WQI of the Tigris River in Baghdad reach. He used the sensitivity 

function to convert the variables on scale (0 – 1) depending on a standard specification of water 

activities. He collected the results using the geometric mean according to Bhargava formula. He 

concluded that the Tigris River is classified as class I for irrigation and as class III for potable and 

industrial uses. 

           Al-Rawi and Shihab (1994) studied the WQI for the Tigris River in Mosul. They used the 

geometric mean previously used in Baghdad, India and Vietnam, depending on the sensitivity function 

on the range(0 – 1). The results of this study clearly showed that the water quality of excellent class 

was for irrigation and for the domestic and industrial uses; it was classified as class II. 

          Mohammad (1998) evaluated the Tigris River in Mosul City using WQI. Seventeen sections 

were selected along a stretch of the river from north of Mosul City to Hamam Al-Alil. Samples were 

collected and analyzed during a period of six months. The study showed that the Tigris River water 

quality for irrigation use falls within classes I and II; for industrial use it fell within class II; and for 

drinking water, it was classified in class III.  

           Al-Saffar (2001) has developed an expert system for the WQI for multi-uses for one year 

(2000) along the Tigris River using nine samples site (Mosul Dam, Mosul, Shirkat, Bejee, Samara, 

Baghdad, Al-Azeezia, Al-Kut, and Al-Amara). She concluded that Tigris water quality is classified as 

class II to class III for general uses at all sites except Al-Kut site which represents class II and III for 

general purposes and shifts to class IV for potable use and class V for industrial uses.  

 

AREA OF STUDY (THE TIGRIS RIVER) 

The Tigris is the second longest river in the Southwest of Asia at 1,900 km length of which 

1415 km is in Iraq, it also has its springs in the highlands of Eastern Turkey, but the main contribution 

to the river comes from the tributaries in Iraq. The Tigris River follows a southeastern route in Turkey 

to the city of Cizre, forming a border between Turkey and Syria for 32 km before entering Iraq at 

upstream of Feeshkhabour City, where the Khabour tributary 160 km in length joins the main river 
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course. In Iraq, it meets its tributaries: the Greater Zap, the Lesser Zap, the Adhaim, and Diyala. It 

joins the Euphrates in Qurna and continues its journey to Shatt Al-Arab after the extensive irrigation 

and diversification canals remove around 70-80 percent of its waters before forming Shatt al-Arab then 

falls to the Arabian Gulf. (El-Fadel, et al., 2002)  

 

BENEFICIAL USES: 

Drinking water (DR): Iraqi Quality Standard, 2001 (IQS) and World Health Organization, 

2004 (WHO) as shown in Table 1 are adopted along the river to compare it with the recorded data for 

(T.H, SO4
-2

, Cl
-1

, and T.D.S) parameters through the year 2007/2008. 

 

Table (1) Guideline for Drinking water after IQS and WHO  

Characteristics Units IQS,2001 WHO,2004 

-      Calcium (Ca) ppm 200 200 

- Chloride (Cl) ppm 600 250 

- Total Hardness 

(T.H) 

ppm as 

CaCO3 

500 500 

- pH (Range) --- 6.5-8.5 --- 

- Sulfate (SO4) ppm 400 250 

- T.D.S ppm 1500 1000 

 

 

Irrigation use (IRR): The Tigris River water quality is classified according Richard 

Classification, 1954(Richard, 1954) with respect to the value of SAR and EC in water (Table 2 and 

3) for the year 2007/2008. 

 

Table (2) Richard Classification, 1954 for irrigation use (Richard, 1954) 

Water Class SAR Index EC(ds/m) Index 

Excellent ≤ 10 S1 0.1-0.25 C1 

Good 10-18 S2 0.25-0.75 C2 

Fair 18-26 S3 0.75-2.25 C3 

Poor ≥ 26 S4 ≥ 2.25 C4 
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Table (3) Water classification acording to Richard Classification, 1954  

for irrigation use (Richard, 1954) 

Index Water class Index Water class 

C1S1 Excellent C3S1 Approprate 

C1S2 Good C3S2 Acceptable 

C1S3 Approprate C3S3 Acceptable 

C1S4 Poor C3S3 Poor 

C2S1 Good C4S1 Poor 

C2S2 Good C4S2 Poor 

C2S3 Acceptable C4S3 Very Poor 

C2S4 Poor C4S4 Very Poor 

 

 

VARIATION OF WATER QUALITY PARAMETERS: 

Limitations of Water Quality for Drinking Use   

The Tigris River water quality behaviour is classified into three different trends which divide 

the river into three reaches as compared with WHO/2004 and IQS/2001 standards as shown in Figs. 1, 

2, 3 and4. The first reach starts from Feeshkhabour to Tarmiyah City (reach I) has low concentrations 

for each parameter so, it is within the acceptable limit. Reach II from Tarmiyah to Kut, where the 

concentrations of all parameters rapidly increases due to Tigris–Tharthar arm carrying salts from the 

stratification of the Tharthar Lake, which is same conclusion mentioned by Nader, et.al, 1986 (Arabic 

Ref.)  this makes water unacceptable in some sites for drinking purposes. The last reach from Kut to 

Qurna, reach III with very high concentrations of the relative parameters, and this reach is also 

unacceptable for drinking. 

  

 
 

Figure (1) Comparison of T.H concentration according to WHO and IQS standards  
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Figure (2) Comparison of SO4
-2

 concentration according to WHO and IQS standards  

 

 
 

Figure (3) Comparison of Cl
-1

 concentrations according to WHO and IQS standards  

 

 
 

Figure (4) Comparison of T.D.S concentrations according to WHO and IQS standards  



K.A.Abdulrazzaq                                                                               Construction Water Suitability Maps Of Tigris  

W.S.Kamil                                                                                           River For Irrigation And Drinking Use 

 

 
 

5829 

 

Limitations of Water Quality for Irrigation Use   

            In general, Tigris River is classified as (C2S1) from Feeshkhabour to Tarmiyah, so water is 

good for irrigation .From Tarmiyah to Qurna it is classified (C3S1) therefore; water is approprate for 

irrigation. In the three last months at Amara to Qurna the water quality is classified as (C4S2) as shown 

in Table 3. It is obvious that the value of SAR and EC increase after Tarmiyah because of the mixing 

with Tigris–Tharthar arm which contains high concantrations of salts (Nader, et.al, 1986) (Arabic 

Ref.).  

 

Table (3) Classification of the Tigris water quality for irrigation use according 

To Richard Classification, 1954  for irrigation use 

Station 
Oct. 

2007 

Nov. 

2007 

Dec. 

2007 

Jan. 

2008 

Feb. 

2008 

Mar. 

2008 

Apr. 

2008 

May. 

2008 

Jun. 

2008 

Jul. 

2008 

Aug. 

2008 

Sep. 

2008 

Feeshkhabour C2S1 C2S1 C2S1 - C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 

U/S Mosul Dam C2S1 C2S1 C2S1 - C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 

Mosul C3S1 C2S1 C2S1 - C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 

Shikat C2S1 C2S1 C2S1 - C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 

Tikrit C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 

Samara Barrage C2S1 - C2S1 C2S1 - C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 

Tarmiyah C2S1 - C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 C2S1 

N-Baghdad C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 

S-Baghdad C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 

Al-Azeezia C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 

Kut C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 C3S1 

Amara C3S1 C3S1 C3S1 C3S1 C3S1 C4S1 C3S1 C3S1 - C4S2 C4S2 C4S2 

Qurna(T) C3S1 C3S1 C3S1 C3S1 C3S1 C4S1 C3S1 C3S1 - C4S2 C4S3 C4S3 

 

 

NATIONAL METHODS SELECTION: 

           A comparison of three different national methods is applied to a selected station on Tigris River 

in the north of Baghdad to classify the water quality as shown in Fig. 5. It can be seen from the figure 

that the previous mentioned methods can be used for WQI analysis. Bhargava method is selected since 

it is more effective in dealing with many sensitive functions; and it gives a detailed description to 

analyze the WQI for irrigation and drinking uses. 
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Figure (5) WQI at N-Baghdad for drinking use using different methods 

 

BHARGEAVA METHOD: 

Bhargava Method is one of the important methods which is used in many countries. It is easy to 

deal with relative parameters for different uses by using sensitivity functions curves which take the 

value between 0 and 1. The results are accumulated by using the geometric mean eq. 4 to determine 

the WQI for each activity of water depending on the variables affecting that activity. This index 

classify rivers into five groups as shown in Table 5, that was formulated by the following 

equation(Abdul-Razzaq et al., (2001) (Arabic Ref.)):  

 

                                                         (4) 

 

Where: 

fi (Pi) is the sensitivity function for each variable including the effect of variable weight 

concentration which is related to a certain activity and varies from 0 – 1. 

The relative parameters for irrigation are TDS, pH, SO4
-2

, SAR, EC, and Cl
-1

, while the relative 

parameters of drinking are TDS, T.H, Cl
-1

, SO4
-2

, BOD, pH, and Ca
+2

(Abdul-Razzaq et al., (2001) 

(Arabic Ref.)).  

 

Table (5) Water quality classification according to Bhargava 

Class WQI Value Water Quality 

I 100 - 90 Excellent 

II 89 - 65 Good 

III 64 - 35 Acceptable 

V 34 - 11 Polluted 

IV Less than 10 Severe Polluted 

 

DESCRIPTION OF THE CONSTRUCTED MODEL: 

A general program has been constructed to classify surface water using Visual Basic Studio 

2008 software adopting Bhargava method for irrigation and drinking use. The constructed program 

   100*
/1

1
n

i
Pfin

i
WQI
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uses nine figures which were adopted by Bhargava to compute the sensitivity functions for irrigation 

and drinking use. The program works automatically and operates easily. It offers an easy base for the 

people who are dealing with water quality and need no high knowledge to run the program. Also it 

could be used as a management tool in water quality assessments. The program operating mechanism 

is listed below:  

The main window will appear which contains six options, each performs when clicked on as 

shown in Fig 6, and these options are: 

 

 
Figure (6) The main window 

                 Fig. 7 shows the Introduction, a short definition of WQI and its classification.  

 
Figure (7) Introduction window 

 

Entering Data and WQI Computation: The main purpose of this window is to enter any new 

data for any station along the river and calculating WQI then save it. 

A detailed description of the operation of the option in the task bar is explained below: 

A. Add new (): When clicking on this option, a new window will appear which is ready to 

receive any new data of any station as shown in Fig. 8. 

B. Delete (): When clicking on this option, the data that are already entered before to the shown 

window will be deleted. 

C. Save data (): Clicking this option, the data that has been entered will be saved into data base 

figure. 
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D. Next (): The program will move forward to the next saved data. 

E. Back (): The program will move back to the pervious saved data. 

The main options of this window which work by clicking on it are as following: 

1. WQI%: When clicking on this option, the program will calculate WQI for the entered data 

(station, river, date, and relative parameters) as shown in Fig. 9. 

2.  Back: The main window will appear as soon as clicking on it.  

Note: The decimal for the number that represents WQI and sensitivity functions can be 

chosen by two options that can be seen in the bottom of this window. 

 

 
Figure (8) Entering new data window 

 

 
Figure (9) Entering data calculating WQI window 

 

Search: This window prepares the model to search for any data which have been saved (Figs.  

10 and 11). 

There are two ways to make search: 

A. By date and station: in this option, the station can be selected by another option and the period 

of time from-to for a specific date can be chosen. 
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B. By date and river: in this option the river Tigris can be selected by another option and the 

period of time from-to for specific date can be chosen. 

Those two options can be more specific by selecting particular use (irrigation, drinking,    

industrial, or all uses).  

By clicking on: 

1. Search: The search for all data for relative parameters, WQI, and sensitivity functions for the 

selected period will start. 

2. Back: By clicking on this option the search window will close and go back to the main window. 

 
Figure (10) Search by date and station for irrigation use window 

 

 
Figure (11) Search by date and river for drinking use window 

 

Reports: When clicking on this option another window will appear which contains three kinds of 

reports, each one performs when clicking on it: 

A. Total review. 

B. WQI review by station. 

C. WQI review by date. 

      Back: To go back to the main window. 

     All reports have the same task bar which contains several icons as followes: 

 Next (): To move forward to a different page. 
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 Back (): To move back to a pervious page. 

 Print (): To print the selected report. 

 Print layout (): To show the final shape of the report that will be printed. 

 Page set up (): When clicking on this icon, a sub window will appear to choose the 

size of the report paper that will be printed. 

 Save (): To save the report either as an Excel document or as an Acrobat (pdf) file. 

 Zoom: To zoom the report. 

 Search text: To make sub-search for any text inside the report by clicking on Find and 

move inside the sub-search by clicking on Next. (Figs. 12, 13, 14, and15). 

 
Figure (12) Reports window 

 

 
Figure (13) Reports total review window 
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Figure (14) Reports WQI review by station window 

 
Figure (15) Reports WQI review by date window 

 

Sensitivity Functions: The main purpose of this window is to view the sensitivity functions for all 

uses to show the relative parameters that have affect on WQI. (Fig. 16) 

       The task bar contains the following icons: 

A. Back (): When clicking on this option, the program will move back to the pervious saved 

sensitivity functions. 

B. Next (): When clicking on this option the program will move forward to the next saved 

sensitivity functions. 

Back: To go back to the main window. 

 

Exit:  To close the main window and shut down the program.   
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Figure (16) Sensitivity functions window 

 

 

RESULTS AND DISCUSSION: 

Different historical data for thirteen stations along Tigris River were adopted in the program for 

calculating the WQI to evaluate the water quality through one year 2007/2008 and the data are 

recorded on monthly base.  

 

 WQI for Tigris River (2007/2008):  
            Tigris River is classified for irrigation use as class I from Feeshkhabour to Tarmiyah reach, 

after Tarmiyah till Qurna, WOI shifts from class I to class II. In the last three months in addition to 

March WQI is classified as class III – V in Kut-Qurna reach due to high concentrations of T.D.S, Cl
-1

, 

SO4
-2

, and EC. Fig. 17 represents the average suitability maps for the Tigris River for irrigation use 

and shows the parameter(s) which are the most dominant (i.e. responsible for water quality 

deterioration that has sensitivity function less than 0.5).  

  



K.A.Abdulrazzaq                                                                               Construction Water Suitability Maps Of Tigris  

W.S.Kamil                                                                                           River For Irrigation And Drinking Use 

 

 
 

5837 

 
 

Figure (17) Average suitability map of Tigris River for irrigation use (2007/2008)  

 

          

  Fig. 18 represents the percentage of the deterioration of SO4
-2

 parameter (100 - f (SO4
-2

) %) along the 

Tigris River for irrigation in 2007/2008 as one parameter from seven that affect the WQI. 
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Figure (18) The percentage of the deterioration of SO4

-2
 parameter for irrigation use  

 

            Tigris River within Feeshkhabour –Tarmiyah reach, in general is classified for drinking use as 

class II except at Tarmiyah in November, 2007 which is classified as class IV, due to T.H and pH. 

From Tarmiyah to Al-Azeezia, the reach is classified as class IV due to high concentration of SO4
-2

 in 

addition to T.H and pH. After Al-Azeezia till Qurna, water quality is classified as class IV–V and this 

is mainly because of the higher increase in the relative parameters as mentioned to the sequence, T.H, 

SO4
-2

, T.D.S, pH, and, Cl
-1

.  

 

         Fig. 19 represents the average suitability maps for the Tigris River for drinking water and shows 

the parameter(s) with sensitivity function less than 0.5. 

 

         Figs 20 and 21 show the percentage of the deterioration of the SO4
-2  

(100 - f (SO4
-2

) %) and T.H 

(100 - f (T.H) %) parameters along Tigris River for drinking use in 2007/2008 as two polluted 

parameters from six that affect  the WQI. 
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Figure (19) Average suitability map of Tigris River for drinking use (2007/2008) 

 

Figure (20) The percentage of the deterioration of the SO4
-2

parameter along Tigris for drinking use  
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Figure (21) The percentage of the deterioration of the T.H parameter along Tigris River for drinking 

use 

 
             CONCLUSIONS: 

 In general, WQI in the Tigris River grades for irrigation use from class I to class II, 

while for drinking use it is classified as class II to class V.  

 In general, the deterioration in water quality along the Tigris River starts after Tarmiyah 

for beneficial uses due to the effect of Tigris-Tharthar arm.  

 The river suitability for irrigation use is better in its classification as compared with 

drinking use. 

 The Effect of the Total Hardness (T.H): very high concentrations which badly affects 

the drinking use along the Tigris and becomes worse after Tarmiyah station.   

  The effect of sulfate (SO4
-2

) for drinking use, it can be noticed after Tarmiyah to shift 

WQI from class II to class IV, while for irrigation use, it can be considered an acceptable.  

 The chloride (Cl
-1) 

effect on drinking use is noticed after Kut while for irrigation use it is 

the main cause in the deterioration in water quality in the last three months in Qurna(T) . 

 In general, Calcium (Ca
+2

) values are accepted for drinking use except in the last three 

months in (2007/2008) after Kut in Tigris River.  

  Sodium Adsorption Ratio (SAR) and the electrical conductivity (EC) values are 

acceptable for irrigation use.  
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MULTI-BASIS WAVENET-BASED SPEED ESTIMATION  

IN DIRECT TORQUE CONTROLLED ASYNCHRONOUS 

MOTOR  
 

Adel A. OBED 

Electrical Department, College of Engineering, Basrah University. 

 

ABSTRACT: 

          This paper presents a proposed method for speed estimation of asynchronous motor in 

Direct Torque Control (DTC) system, based on a new architecture of multi-basis wavenet 

model. Such multi-basis model utilizes multi-set daughter wavelets.  Firstly, the structure and 

training algorithm of the proposed method is discussed. The descent gradient method is used 

to fulfill both system structure and parameters initialization. Secondly, the proposed speed 

estimator and the DTC asynchronous motor are combined based on stator current signal and 

the motor speed is then estimated online with the operation of the system. Finally, the 

effectiveness of this method is proved by simulation carried out using Matlab/Simulink 

library and compared with the actual results obtained from the dynamic equations of the 

motor. The simulation results are obtained over the entire speed of starting, load conditions 

and motor braking. These results show that the proposed method is effective for speed 

estimation in DTC drives. 

           

KEYWORDS: Wavenet, Multi-basis wavenet, Direct torque control, Speed estimation, 

                   Asynchronous motor. 

 

 تقذير السرعت في نظام التحكم المباشر لعزم المحرك الغير متزامن

 باعتماد الشبكاث العصبيت المويجيت متعذدة الأساساث 

 
 

 : خلاصتال
الشتبماث اعخمتا  بطزيقت لخقديز سزعت المحزك الغيز مخشامن في نظام التخحمم المبارتز لزمتشم  اقخزاح حم في هذا البحث       

مناقشتت حزييتو طواتواث  بدايتتفتي ال حمتج  .الأساساث بخوظيف عدة مجاميع من بناث المويجاثخمد ة المالمويجيت المصبيت 

طحتم اانيتا حزييتو طربتط . لخحقيق بنيت النظام طحستا  الممتام ث باسخخدام ووارسميت الانحدار الهابط حدريو النظام المقخزح

حيتث حتم حقتديز الستزعت بشتم   بز حيار الجتش  الاابتج لزمحتزكع  مشمزمع نظام الخحمم المبارز لحقديز السزعت المقخزح نظام 

الختتي المحايتاة  لخقتديز الستتزعت متن وت ئ نختتا    المقخزحتتت ازيقتتالحتتم الخحقتق متتن ي تا ة  طثويتزا. مبارتز ثانتا  عمتت  النظتام

محستوبت متن نختا   الستزعت المقتدرة متع الستزعت الحقيقيتت الطقورنتج   Matlab  فتي  Simulink ممخبتت  باسخخدامانجشث 

 إيقتا طحتالاث الخحميت  طعنتد حالتت  لبتد اثسخحصتزج نختا   المحايتاة لمتدة متدياث لزستزعت عنتد  .مما لاث الحزيت لزمحتزك

 .ثظهزث النخا   فماليت الازيقت المقخزحت قي حقديز السزعت في ثنظمت الخحمم المبارز لزمشم طقد .المحزك
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INTRODUCTION 

     The speed estimation in DTC asynchronous motor systems have developed during the last 

few years and become the main development direction of the AC speed adjustment [C. J. 

Chen, et al., 2007]. Generally to establish the speed loop feedback in DTC system, 

information of rotor speed is essential. Installation sensor for detecting  rotor speed will 

increase hardware cost and add some volume of system as well as the installation and 

maintenance bring many difficulties beside the mechanical error which affect the detection 

precision and performance of DTC control. 

     Several methods that eliminate the speed sensor have been developed. The observer-based     

[J. Maes, et al., 2000, H. Kubota, et al., 1993, G. Yang, et al., 1993, C. Lascu, et al., 2004, and 

Y. R. Kim, et al.,, 1992]  and    the     Model Reference Adaptive System (MRAS) [C. 

Schauder, 1992, C. Lascu, et al., 2000. and T. BANA, et al., 2002] seem the most used 

methods for sensorless speed DTC system. However, the estimated speed is affected by 

machine parameters. Moreover, these methods need to detect all the terminal voltages and 

currents of the motor. A good technique for speed sensorless operation based on Neural 

Network (NN) has been presented over the last years [M. P. Kazmiorkowski, et al., 1997, and 

L. Brahim, et al., 1993]. This method is based only on signals detected from motor terminals 

which eliminate the effect of motor parameters sensitivity on the estimated speed. However, 

the estimated speed could not be perfectible due to some problems such as trapping in to local 

minima and slow convergence. 

      The combination of NN with wavelet transform (wavenet), behaves good localization 

property in both time and frequency space and multi-scale property. It is used for the analysis 

of non-stationary signals and learning of the nonlinear functions [S. Mallat, 1999]. This 

technique is also proposed to estimate the speed in DTC system [C. Zhi, et al., 2003 and M. A 

Alwan, et al., 2008].  

      In this paper, the theory of wavenet is presented and a method of speed estimation based 

on multi-basis wavenet is proposed. The proposed method includes multi-set daughter 

wavelets from different mother functions in the hidden layer which is believed useful to 

represent functions containing different signal cutting, ripples and rapid signal changes. The 

simulink model of DTC asynchronous motor system is implemented and a speed estimator 

based on the above proposed method is combined with the system based on one line of stator 

current signal. Simulation results include developed torque, stator current beside the rotor 

speed which is compared with the actual motor speed. Note that the theory of DTC control 

has not been discussed here, however it can be found in details in [G. S. Buja, et al., 2004].  

 

WAVENET 

      Wavenet can be considered a particular case of the feed forward basis function neural 

network model. In ordinary network, several types of basis functions, such as radial basis 

functions, splines and polynomial functions of synapse neurons are used instead of sigmodial 

function. The connection weights are taken to represent the corresponding coefficients. The 

output layer performs the sum of the output of all synapse neurons. Since wavelets have been 

shown their excellent performance in non stationary signal analysis and nonlinear function 

modeling, the neural network using wavelet basis function, wavenet, provides higher 

availability of rate of convergence for the approximation than an ordinary feed forward neural 

network [S. Mallat, 1999].  

       The wavenet can be constructed by means of replacing the nonlinear sigmodial function 

with nonlinear wavelet basis function. Figure 1 illustrates the wavenet structure and Fig. 2 

shows some typical wavelet functions. 
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Fig. 2 Some typical wavelet functions 

  
The network exhibits a multi-input to multi-output nonlinear system, realizing mapping from 

nm RR  . The approximated output signal of the network can be expressed as follows 
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where  ),...,2,1( Mmxm   is the input for the m -th training vector )(tX ,  ),...,2,1( Niyi  is 

the output for the i-th training vector )(tY , M  is the node numbers of the input layer, K  is 

the node numbers of hidden layer, kiw  is the weight between the k-th node of the hidden layer 

and the i-th node of the output layer, )(th  is the mother wavelet, ba, are the dilation and 

translation and f  is the linear function. 

 

PROPOSED WAVENET SPEED ESTIMATOR 
      The structure of the proposed P -based wavenet speed estimator is shown in Fig. 3 and 

the set up of its training and estimation  for online speed changes in DTC asynchronous motor 

system is shown in Fig. 4.  
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Fig.3 The proposed 2-input/ single output P -based (each of K daughters) wavenet speed 

estimator. 
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The wavenet speed estimator exhibits two inputs and single output. The input nodes are the 

stator current )(kia  and the error in the stator current ))(( kie a . They are defined as follows 

)(kia  = instantaneous value of stator current. 

  

))(( kie a = )1()(  kiki aa                                                                                                         (2) 

 

A single signal from one line current is used here which uses a single current sensor. This is 

useful for simplicity and economy [M. A. Alwan, et al., 2008]. The hidden layer is of 

P different sets of daughter wavelets. The output of the wavenet is the motor speed which can 

be given as follows [C. Zhi, et al., 2003] 
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      In order to determine the adjustable weights Kkwkp ,...2,1(  , ),...2,1 Pp   and the 

adjustable parameters pka  and pkb , a least mean square (LMS) energy minimizing function 

can be applied: 
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 .  The updated weight  pkw  and the parameters pka  and  pkb  are: 
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where ,, aw bb  and bb  are steps size,  ,, aw cc  and  bc  are the forgetting factors which are 

variable factors and can greatly reduce the number of iterations for convergence. 

 

SIMULATION RESULTS  

    Two sets of daughter wavelet functions )2( P  with seven neurons )7( K  in each set are 

used to represent the hidden layer of a 2-basis wavenet speed estimator. The two mother 

wavelets used in these sets are Mexican hat and Shannon functions. These functions with their 

derivative with respect to the translation b are given as follows 
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and for Shannon function  
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where 
pk

pk

a

bt 
 . The wavenet speed estimator was trained off line before combining it with 

the DTC system based on data obtained from the conventional operation of the DTC system. 

The training is based on eq. 2 to 10 which can programmed in M-file in Matlab library as 

given in the Appendix. The simulation was carried out to verify the function of the speed 

estimator where the motor used in this system is a 3-ph, 1250 hp, 4160V, 150A, 6 poles, and 

60 Hz induction motor (asynchronous motor). The simulation parameters of the motor are 

described as follows: sN =1200r.p.m., sR =0.21 ,  146.0rR , mHLL rs 2 , 

HLm 155.0 and 2.22 mkgJ  . 

       The rotor speed of the motor which is used to complete the torque loop in the DTC 

system (Fig. 4) is taken either from the actual value calculated from the dynamic motor 

equations or from the proposed wavenet speed estimator.   

        Figure 5 shows the actual rotor speed for starting the DTC system with no load from 

standstill to a speed of 100 rad./sec. through 2 seconds, then the speed is increased suddenly 

to 200 rad./sec. through the next 2 seconds. Figure 6 shows the estimated rotor speed 

identified by the proposed wavenet speed estimator for the case above. It shows higher 

dynamical following performance. The starting current and the starting torque for the same 

previous case are show in Fig. 7 and 8 respectively. 
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Fig. 5 Actual speed (electrical) during 

starting 
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Fig. 6 Estimated speed (electrical)    

during starting 
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Fig. 8 Developed torque during starting. 

 

 

 

ROBUSTNESS 
     In order to test the robustness of the proposed method, the effect of system braking and 

sudden change for full load torque have studied on the performance of the torque control and 

speed changes. 

     To illustrate the performance of braking control, the operating mode have simulated 

without load and the motor runs at rated speed of 377.8 rad./sec., the braking starts at the 

instant of 3 sec. and the system is kept at standstill after the braking. Figure 9 and 10 show the 

actual and estimated speed during braking while Fig. 11 and 12 show the stator current and 

developed torque for the same mentioned case. The estimated speed follows the actual with 

an error less than 1% which reflect the ability of the proposed speed estimator. 
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Fig. 9 Actual speed (electrical) during           

                         braking                                                               
       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 Estimated speed (electrical)  

during braking 
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Fig. 11 Stator current during braking. 

 
 

2 3 4 5 6
-10000

-8000

-6000

-4000

-2000

0

2000

Time (sec.)

D
e
v
e
lo

p
e
d
 t
o
rq

u
e
 (

N
.m

)

 
 

Fig. 12 Developed torque during 

braking. 

     Figures 13-15 show the tests of robustness realized with sudden change in load torque 

from no load to full load of the motor used, 7490 N.m, at the instant t=4sec. and its 

elimination at t=6 sec. This process is repeated two times. In this case, the estimated speed is 

used as a feed back signal to complete the torque loop of the DTC system. The developed 

torque curve in Fig. 15 reflects the direct control of torque. The developed torque follows its 

demand quickly with a time less than 0.05 sec.  

     For the robustness of control, a braking case, the estimated speed follows its actual and for 

system loading when the speed is used as feed back signal, the DTC system gives an adequate 

accuracy of system performance. 
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Fig. 13 Estimated speed (electrical)              Fig. 14 Stator current during load change 
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                                          Fig. 15 Developed torque during load change 
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CONCLUSIONS 

     The paper presents a new multi-basis wavenet speed estimator based on multi-set daughter 

wavelet functions in DTC asynchronous motor system. The multi-basis wavenet is useful 

because of high nonlinearity in the stator current waveform. The wavenet speed estimator is 

trained offline based on stator current information obtained from the conventional operation 

of the DTC system. The advantage of using multi-basis wavenet is the adequate speed 

estimated for different operating conditions. The simulation results reveals a good system 

performance. 
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LIST OF SYMBOLES AND ABBREVIATIONS 

A.C: Alternating Current. 

DTC: Direct Torque Control. 

LMS: Least Mean Square. 

MRAS: Model Reference Adaptive System. 

a  : Dilation 

b  : Translation. 

c  : Forgetting factor. 

)( aie : error in stator current (A). 

E  : Energy error. 

f  : Linear function. 

F  : Desired vector of the output vector. 

h  : Mother wavelet. 

ai  : Stator current (A). 

J  : Moment of inertia ( 2.mkg ). 

K  : Node numbers of hidden layer. 

L  : Inductance ( H ). 

M  : Node numbers of the input layer. 

N  : Node numbers of the output layer, Motor speed (rad./sec.). 

P  : Number of  daughter wavelets. 

q  : Number of training samples. 

R  : Resistance  . 

w  : Weight. 

x  : Input vector. 

y  : Output vector. 
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APPENDIX 

%Matlab program for learning the proposed wavenet speed estimator based on eq.2 to10. 

%Mexican Hat and Shannon mother wavelet functions are used in learning 

w1=[.1,.1,.1,.1,.1,.1,.1];a1=[.1,.1,.1,.1,.1,.1,.1];b1=[-.1,0,.1,.2,.5,.8,1.2]; 

w2=[.1,.1,.1,.1,.1,.1,.1];a2=[.1,.1,.1,.1,.1,.1,.1];b2=[-.1,.1,.3,.5,.9,1,1.3]; 

DW1=[0,0,0,0,0,0,0]; DB1=[0,0,0,0,0,0,0]; DA1=[0,0,0,0,0,0,0];  

DW2=[0,0,0,0,0,0,0]; DB2=[0,0,0,0,0,0,0]; DA2=[0,0,0,0,0,0,0]; 

t=[0:1700];% time sample 1701samples 

x11=[];% input current, can be loaded from file,1701 samples  

F1=[];% target speed, can be loaded from file, 1701 samples 

x=(x11-min(x11))/(max(x11)-min(min(x11));%  normalized input current 

F=(F1-min(F1))/(max(F1)-min(F1));%normalized target  

aw1=.993;aa1=.993;ab1=.993;bw1=.0001;ba1=.0001;bb1=.0001; 

aw2=.1;aa2=.1;ab2=.1;bw2=.01;ba2=.01;bb2=.01; 

for I=[1:1000]%iteration counter 

     E=0; 

     for n=[1:1701];%sampled number 

         y(n)=0; 

         for k=[1:7];%weighs counter 

             y1=w1(k)*(x(n))*(2/sqrt(3))*(pi^(-1/4))*(1-(((x(n)-b1(k))/a1(k))^2))*(exp(-(((x(n)-

b1(k))/a1(k))^2)/2)); 

             y2=w2(k)*(x(n))*(sin(2*pi*((x(n)-b2(k))/a2(k)))-sin((x(n)-b2(k))/a2(k)))/(pi*(x(n)-

b2(k))/a2(k)); 

             y(n)=y(n)+y1+y2; 

         end; %end k 

         E1=0.5*((F(n)-y(n))^2); E=E+E1;         

     end %end n 

      if E< abs(.01) 

         disp('end of work') 

         break; 

      else 

          for k=[1:7     

           PEPW1(k)=0;PEPB1(k)=0;PEPA1(k)=0;PEPW2(k)=0;PEPB2(k)=0;PEPA2(k)=0; 

            for n=[1:1701]; 

              t1=(x(n)-b1(k))/a1(k); 

              PEPW11(k)=-(F(n)-y(n))*(x(n))*(2/sqrt(3))*(pi^(-1/4))*(1-(((x(n)-

b1(k))/a1(k))^2))*(exp(-(((x(n)-b1(k))/a1(k))^2)/2));  

              PEPB11(k)=-(F(n)-y(n))*x(n)*w1(k)*(2/sqrt(3))*(pi^(-1/4))*(1/a1(k))*(3*t1-

t1^3)*exp(-(t1^2)/2); 

              PEPA11(k)=PEPB1(k)*t1; PEPW1(k)=PEPW1(k)+PEPW11(k); 

              PEPB1(k)=PEPB1(k)+PEPB11(k); PEPA1(k)=PEPA1(k)+PEPA11(k); 

              t2=(x(n)-b2(k))/a2(k); 

              PEPW22(k)=-(F(n)-y(n))*((x(n)-b2(k))/a2(k))/((((x(n)-b2(k))/a2(k))^2+1)^2); 

              PEPB22(k)=-(F(n)-y(n))*x(n)*w2(k)*(1/a2(k))*((pi*t2*cos(pi*t2)-

2*pi*cos(2*pi*t2)+sin(pi*t2)+sin(2*pi*t2))/((pi*t2^2))); 

              PEPA22(k)=PEPB2(k)*t2; PEPW2(k)=PEPW2(k)+PEPW22(k); 

              PEPB2(k)=PEPB2(k)+PEPB22(k); PEPA2(k)=PEPA2(k)+PEPA22(k); 

            end % end n 

            storew1(k)=w1(k); 

            w1(k)=w1(k)-bw1*PEPW1(k)+aw1*DW1(k); 
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            DW1(k)=w1(k)-storew1(k); 

            storeb1(k)=b1(k); 

            b1(k)=b1(k)-bb1*PEPB1(k)+ab1*DB1(k); 

            DB1(k)=b1(k)-storeb1(k); 

            storea1(k)=a1(k); 

            a1(k)=a1(k)-ba1*PEPA1(k)+aa1*DA1(k); 

            DA1(k)=a1(k)-storea1(k); 

            storew2(k)=w2(k); 

            w2(k)=w2(k)-bw2*PEPW2(k)+aw2*DW2(k); 

            DW2(k)=w2(k)-storew2(k); 

            storeb2(k)=b2(k); 

            b2(k)=b2(k)-bb2*PEPB2(k)+ab2*DB2(k); 

            DB2(k)=b2(k)-storeb2(k); 

            storea2(k)=a2(k); 

            a2(k)=a2(k)-ba2*PEPA2(k)+aa2*DA2(k); 

            DA2(k)=a2(k)-storea2(k); 

          end %end k 

        end;%end if 

 end %end I 

 %Plot the training results 

 subplot(2,2,1) 

 plot(t,y,'k'); grid on 

 xlabel('time(sec)') 

 ylabel('output speed') 

 title('Fig.1.identified speed') 

 subplot(2,2,2) 

 plot(t,F,t,y); grid on 

 xlabel('time(sec)') 

 ylabel('target identified speed') 

 title('Fig.2.target and identified speed') 

 subplot(2,2,3) 

 plot(t,x11,'r'); grid on 

 xlabel('time(sec)') 

 ylabel('input1') 

 title('Fig.3.input') 

 subplot(2,2,4) 

 plot(t,E,'g') 

 grid on 

 xlabel('time(sec)') 

 ylabel('Error') 

 title('Fig.4.Error') 
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HAND WRITTEN RECOGNITION USING NEURAL NETWORK 

ALGORITHM 
 

Ammar O. Hoori 

University of Baghdad, College of Engineering, Computer Engineering Department , Baghdad, Iraq. 

 

ABSTRACT 

Hand written recognition problem can be done in two major steps, first by separating each 

character alone and second by detecting the separated shape to its corresponding like alphabetic letter. 

A backpropagation neural network found to be a good artificial intelligence algorithm in facing 

character recognition problem.  

In this work, backpropagation neural network is used with 3-layers to detect and separate 26 

English letter from (A to Z).  In addition, a previous steps should be taken to detect the boundaries of 

each single written letter. Detecting a complete text can be done by separating each character through 

finding its boundaries, resizing the separated character to be suitable for pre-trained neural network, 

detecting the hand-written letter and finally saving the guessed letter to a text file. This work is 

developed using Matlab 2008 version 7.6. The obtained results show good representations of letter 

contaminated by noise and non-trained letters. 
 

KEYWORDS: Character Recognition, Neural Network, Artificial Intelligence, Backpropogation,   

Hand written recognition 

 

 خلاصةال
الشكل  بتمييزعمى حدة وثانياً  شكلخط اليد المكتوب تتم عمى خطوتين رئيسيتين ، أولًا من خلال فصل كل تمييز مشكمة  

في مواجية الخمية العصبية ذات الانتشار الخمفي وجدت كموغارتمية ذكاء اصطناعي جيدة . المشابو لو الأبجدي المفصول لمحرف
 .مشكمة تمييز الأشكال

  A)حرف انكميزي من  62الخمية العصبية ذات الانتشار الخمفي استخدمت بثلاث طبقات لإيجاد وفصل . العمل،  في ىذا 
نص كامل  إيجاد . مكتوب بخط اليد حرفحدود كل  لإيجاد، وذلك  تتخذ أنلذلك ، ىنالك خطوات مسبقة يجب  بالإضافة(. Z إلى

عممة مسبقاً، ثم ثم تعديل حجم الشكل المعزول ليكون ملائماً لمخمية العصبية الم  ، حدوده  إيجادمن خلال  شكليتم بعزل كل  أنممكن 
 الإصدار Matlabباستخدام برنامج  أنجزىذا العمل . حفظ الحرف المحزور في ممف كتابة وأخيراً الحرف المكتوب بخط اليد ،  بإيجاد
 .الغير معممة مسبقاً  والأحرفبالشوائب  تمثيل جيد للأحرف المموثة أظيرتالنتائج المكتسبة . 6002لعام  6.2
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INTRODUCTION: 

One of the most important applications in Artificial Neural Network field is the character 

recognition. It is the base for many different types of applications in various fields, many of which we 

use in our daily lives. Cost effective and less time consuming, businesses, post offices, banks and 

security systems. Whether  you are processing a check, performing an eye/face scan at the airport 

entrance, or teaching a robot to pick up and object, you are employing the system of character 

recognition. One field that has developed from character recognition is optical character recognition 

(OCR) which is used in scanner devices to recognize a complete scanned page (graphical images form 

of written text) and convert them to  computer typed editable text documents. Newer applications have 

even expanded outside the limitations of just characters. Eye, face, and fingerprint scans used in high-

security areas employ a newer kind of recognition [1,2]. 

A system which employ connectionist network to solve pattern recognition problem are currently of 

greet interest. Previous work [1,3] applied a neural network to a hand writing single character. This 

paper discusses the recognition of hand written letter, by applying it into backpropagation neural 

network to solve this problem. 

 

SYSTEM OVERVIEW 

 The system is organized in two stages (illustrated in Fig. 1). The first stage converts the input 

character into highly compressed format available  for recognition. The second stage is character 

recognition neural network which is previously  learned [4]. 

 

 

 

 

 

Fig. 1. Block diagram of letter recognition system 

 

CHARACTER RECOGNITION: 

 Character is entered to the system as an image which produces a 9 9 matrix with a continuous 

stream of 1’s and  -1’s, the 1's referred to the black part (character bits) while the -1’s referred to the 

empty part as shown in the Fig. (2.a). The cause of selection the (1 and -1 ) representation in order to 

meet the requirements of the activation function which will be discussed later. 

 To provide suitable input pattern, the 9 9 two dimensional matrix converted to a vector (one 

dimensional array). Since each element in the vector will be represented as an input neuron to the 

neural network, as shown in Figs.  (2.a), (2.b) and (2.c). 

LETTER 
 

Converter 

Trained 

Neural 

Network 

LETTER 
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Fig. 2. Providing character to the neural network throw converting the 9 9 matrix into 81 elements 

vector. 

 

NEURAL NETWORK ARCHITECTURE:   

 Fig. (3) describes the architecture of the neural network used in this paper. It consists of three 

layers (input , hidden and output layer) fully interconnected with each other by weight matrices [4,5,6]. 

 The first layer (the input layer) consist of 81 neuron (from 9 9 = 81), each  input neuron 

assigned to each bit of the pattern vector. The output layer with  which the neural network needs to be 

learned is 26 neurons. The 26 output neurons refer to the number of 26 different English letters.  

There are two sets of weights; input-hidden layer weights and hidden-output layer weights. 

These weights represent the memory of the neural network, where final training weights can be used 

when running the network [1]. 

(a) 

-1 1 

(b) (c) 

 1      -1 

2      -1 

 

9      -1 

10    -1 

11    -1 

 

18    -1 

 

 

 

 73    1 

 

 

 81    1 
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Fig. 3 . Architecture of the used neural [4,5,7]. 

 

TRAINING THE NEURAL NETWORK: 

  

In the training phase, the neural network needs a set of input and desired output pairs for each single 

pattern, these set are entered by the supervisor of the network. The input vector is supplied as 

previously discussed while the desired output vector is set by putting a one in the output neuron 

location (where the character suppose to be represented) and a minus one everywhere else (the other 25 

remaining output neuron) [2,6,7].  

 For example, to represent a pattern of  A  letter shape, the output vector is set as a 1 in the first 

output neuron ( because A is the first letter in the alphabet)  and -1 in output neurons from  2 through 

26 neurons [2,8,9]. 

 Many parameters should be chosen carefully before starting of the training phase. Such as the 

range of input values (here from -1 to 1), the range of output values (also from -1 to 1), the activation 

function (here it is tangent sigmoid at each hidden and output neurons illustrated in Fig. (4.b)), number 

of neurons at the input layer (here it is 81 and it is fixed), number of output neurons (here it is 26 and it 

also fixed) [5].  

 The training was implemented in MATLAB 2008 software package. Using a backpropagation 

neural network training algorithm with learning rate = 0.5,  error goal = 0.001 and the number of 

hidden neurons were 50 neurons. Each hidden and output neurons have tangent sigmoid activation 

function Fig. (4) [2]. 

26 

50 

Input layer 

Hidden layer 

Output layer 

In
p
u
t 

v
ec

to
r 

81 



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 5859 

 

 

 

 

 

 

 

Fig. 4. Hidden or output neuron with tangent sigmoid activation function [2]. 

 Some parameters used in the neural network have a great  effects on the updating of the 

weights, such as ( number of the hidden layers, number of the hidden neurons and the value of the 

learning rate ), which can be tuned until a critical limit where there is no interesting of changing it . 

These parameters can be changed only in the starting of learning phase. Changing these parameters 

needs to restart the whole learning process [5,7,9]. 

 This network was trained to recognize 26 alphabetic English letters from A to Z. Each letter 

with three different shapes. Therefore ; the total number of learned shaped was ( 26  3=78) different 

patterns. one additional shape for each letter was used for testing the trained neural network. 

 

Testing of the Neural Network: 

The neural network succeeded in recognizing the letter which previously learned. It also 

succeeds in the same letter with some noise added into it. But changing the shape of the entered letters 

gives less ratio of detection than its original learned letters sets.  

 For example the neural network succeeded to recognize letter A Fig. (5.a) which was trained 

previously, but when testing the neural network with letter A in different shape shown in Fig. (5.b) the 

network gave a guess that the character is mostly A. 

 

 

 

 

 

 

Fig. 5. Two representations of  letter A. 
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DETECTING CHARACTER BOUNDARIES:  

 

The hand written system accepts a complete image file with written text in different rows and  

with shapes of letters  in different sizes. 

A process of detecting the boundaries of each letter shape is done by searching and detecting 

for each row of text alone from up of the image file to down. And for each row, from left to right Fig. 

(6.a). 

For each detected letter shape boundaries, the size may not meet the fixed 9 9 size of the 

trained neural network. Therefore;  resizing process (minimizing or maximizing)is done to each shape 

in order to be prepared for the network Figs. (6.b) and (6.c). 

The input shape is ready to be enter to the neural network. The neural network then makes its 

decision on the current single pattern and gives the guessed letter as an output layer vector describes 

the letter Fig. (6.d). The recognition system translate the output vector to its corresponding letter and 

saves the letter in an output text file Fig. (6.e) . And the whole process is repeated again till the 

completion on the entire image file as shown in the flow chart in Fig.(7). 

 

 

 

 

 

 

 

 

 

 

Fig. 6. The process of letter recognition step by step. 
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Fig. 7. Flow chart of hand written recognition system. 
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RESULTS AND CONCLUSIONS: 

 A neural network is a powerful artificial intelligent system. It can be tuned to give better 

results by changing learning rate, number of hidden layers and number of hidden neurons, 

etc. The decision of putting the number of neurons in input and output layer are forced by 

the system.  

 Selecting the ranges of input and output to be from one to minus one gives neural network 

wider range and better convergences in searching for optimal error cost function.  

 Many training algorithms was tested in character recognition problem and the 

backpropagatoin algorithm gave encouraging results. 

 Neural network can fully detect its learned letters and most of that shapes that is near to its 

trained letters. To improve the neural network detection, more patterns should be supplied 

into it. 

 Neural network has fixed number of input layer neurons, therefore; action should be made 

in the input pattern to resize it to the 9  9 input matrix. 
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ABSTRACT 

Because of the time and expense involved in performing consolidation tests, it is often desirable to 

obtain approximate values of (Cc and Cr) by using other soil properties which are more easily 

determined. The literature contains numerous equations linking soil compressibility to its physical 

and index properties. As these equations are often used to obtain preliminary evaluations of (Cc) 

and (Cr), it is important to know the reliability of these equations.  

In this paper an attempt was made to estimate (Cc and Cr) of Baghdad cohesive soil from other soil 

properties. A number of commonly used empirical correlation equations that have been developed 

during the last six decades to estimate (Cc and Cr) were compiled and evaluated. The results of 

routine laboratory tests of a large number of databases of Baghdad soil were correlated with more 

sophisticated laboratory consolidation results by conducting simple and multiple regression 

analyses. It was concluded that the compression index of Baghdad cohesive soil cannot be 

estimated from Atterberg limits and the better values of compression and recompression indices of 

Baghdad soil can be obtained when more than one index property is used in the regression analysis.  

 

المتماسكة تربة بغدادتقييم احصائي لانضغاطية   

 الخلاصة
باستخدام   (Cr) و(Cc) فانو من المفضل الحصول عمى قيم تقريبية لـ , اء فحوص الانضمامر نظرا لموقت والكمفة المتضمنة عند اج

ائص صوالخية التربة طادلات التي تربط بين انضغات المصادر العديد من المعنتضم. خصائص اخرى لمتربة تحدد بطرق اسيل
مدى  ةالا ان معرف (Cr) و(Cc) ول عمى تقييم اولي لـ صمحلرغم من استخدام ىذه المعادلات لعمى ا. الفيزياوية والدليمية ليا

 . امالمعدلات يعد امرا مي ايتملائم
ييم قتم جمع وت. خرى لياالاالخاصة بتربة بغداد باستخدام الخائص  (Cr) و(Cc)  محاولة لتخمين قيم  اءاجر تم في ىذا البحث 

تم . والتي تم تطويرىا خلال العقود الستة الماضية (Cr) و(Cc)  عدد من المعدلات الوضعية الشائعة الاستخدام عتد تخمين قيم 
تكوين قاعدة بيانات تتضمن نتائج الفحوص التقميدية لتربة بغداد المتماسكة وتم اجراء ترابط احصائي ليذه النتائج مع فحص 

اظيرت نتائج الدراسة عدم امكانية الاعتماد عمى . ئي البسيط والمتعدداحميل الاحصالتوذلك باستخدام  لانضمام الاكثر تعقيداا
دام اكثر من صفة دليمية ضمن التحميل خالنتائج ان استكما بينت , حدود اتربيرك لتخمين قيم معامل الانضغاط لتربة بغداد

 .الخاصة بتربة بغداد (Cr) و(Cc)  الاحصائي يعطي نتائج افضل لقيم 
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INTRODUCTION 

The analysis of all geotechnical problems requires the adoption of a soil behavioral model complete 

with all relevant soil properties. These soil properties are not known beforehand, and therefore the 

design engineer must either measure the properties under controlled conditions in the laboratory or 

field or estimate the properties from other test data. These estimates are made most often from 

laboratory index tests and in-situ test results, which are correlated to soil properties either by 

calibration studies or by back calculation from full scale load test data obtained in the field. 

Comprehensive characterization of the soil at a particular site would require an elaborate and costly 

testing program, well beyond the scope of most projects budgets. Instead, the design engineer must 

rely upon more limited soil information, and that is when correlations become most useful, 

(Kulhawy and Mayne 1990). 

There is large number of empirical equations presented in the geotechnical literature for the 

estimation of compression and/or recompression indices (Skempton, 1944; Helenelund, 1951; 

Cozzolino, 1961; Sowers, 1970; Wroth and Wood, 1978; Nagaraj and Murthy, 1986; Nakase et al., 

1988; Bowles, 1996; Gunduz and Arman, 2007: Ahadiyan et. al., 2008: Isik, 2009).  

Bowles 1996, suggested that to identify the published equations, one should start compiling a local 

database with minor adjustments to the numerical constants, as defining the local soil.. 

Kulhawy and Mayne 1990 mentioned that caution must always be exercised when using broad, 

generalized correlation of index parameters with soil properties. The source, extent, and limitation 

of each correlation should be examined carefully before use to ensure that extrapolation is not being 

done beyond the original boundary conditions. Local calibrations where available, are to be 

preferred over the board, generalized correlations. 

In addition, many of the common correlations in the literature have been developed from test data 

on relatively insensitive clays of law to moderate plasticity. Extrapolation of these correlations to 

special soils should be done with particular care because the correlations do not apply strictly to 

these soils.  

 

THE OBJECTIVES OF THIS STUDY 

It is very important in geotechnical engineering to know the compressibility properties of a soil. 

Usually compression and/or recompression indices are used for the calculation of consolidation 

settlement of fine grained soils. They are conventionally determined by laboratory oedometer tests. 

However, the duration of consolidation tests is very long compared to standard index tests. For this 

reason, it is important to estimate compression and recompression indices with reasonable accuracy 

for preliminary calculations and to control the validity of consolidation tests. 

Numerous attempts have been made to correlate compressibility with some simple index properties. 

Giasi, et. al., 2003, stated that the multitude of equations present in the literature indicates that none 

of them can be assumed to have general validity, but that each of them can be valid within defined 

ranges.  

It is known that the compressibility characteristics of a soil can be correlated to different 

characteristic properties, such as the liquid limit, the plasticity index, the natural water content, the 

void ratio, etc. The use of one property rather than another is linked to the kind of soil being 

considered and to the conditions in which it is analyzed, Giasi, et.. al., 2003. 

As such this study will include the following 

 Investigation of the soil data generated by soil investigation for different projects in 

Baghdad city to explore the range of values and variations of (Cc) and (Cr). 

 Compiling a local database to identify the local soil. 

 Comparing the results of (Cc) and (Cr) obtained from existing proposed relations to those of 

laboratory measurements. 
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 Correlating routine laboratory tests results with more sophisticated laboratory results used to 

determine geotechnical design parameters by conducting simple and multiple regression 

analysis. 

 

DATABASE COMPILATION AND DESECRIPTION       

In order to build the database, a large number of consolidation and physical test results was 

compiled. These results were generated by soil investigation for different projects in Baghdad city 

during the last three decades. 

 

Soil parameters used in the database were natural water content (wn), initial void ratio (eo), total 

unit weight (t), dry unit weight (d), liquid limit (LL), plastic limit (PL), plasticity index (Ip), 

effective overburden pressure (Po), compression index (Cc), and recompression index (Cr). In order 

to assess the adequacy of the database, descriptive statistics of each data set present in the database 

were determined. Table 1 presents the descriptive statistics of each variable and Fig. 1 presents the 

histogram of the variables.  

It should be mentioned that (50.9%) of the values of (Cc) used in the present work are less than 

(0.2), while (46.6%) of the values ranged from (0.2 to 0.4). Thus, the degree of compressibility of 

Baghdad cohesive soil, according to Kulhawy and Mayne 1990, can be classified as low to 

intermediate. The ratio of (Cs/Cc) for Baghdad soil was calculated from the data and found to vary 

from (0.047 to 0.533). On the other hand, more than (59%) of the (LL) of the samples is less than 

(50%) which indicated that the predominated consistency of Baghdad clay is Low. Also, the values 

of the natural water content, in general, are closer to the plastic limit than to liquid limit. This trend 

suggests that the soil is somewhat   heavily overconsolidated. (Bowles, 1996). 

According to Table 1, it can be concluded that the database consists of a wide range of data. 

Therefore, this database can be used for the comparison of the performance of existing empirical 

equations and for the development of new equations. On the other hand, as can be observed from 

the frequency histograms and from the statistical parameters given in Table 1, for most of the soil 

parameters it appears realistic to assume a normal distribution. 

 

Table 1 summary of statistical parameters  

 

 wn LL PL PI t d eo Po Cc Cs 

No.of values 596 820 817 818 390 386 350 425 328 330 

Minimum 2 21 4 3 16.2 11.33 0.411 9.3 0.1 0.01 

Maximum 43 83 38 58 21.7 19.71 1.14 430 0.71 0.099 

Range 41 62 34 55 5.5 8.377 0.729 420.7 0.61 0.089 

Mean 24.5 47.2 23.39 23.8 19.6 15.8 0.708 121.24 0.213 0.045 

Median 24 47 23 24 19.6 15.84 0.7 95.6 0.2 0.042 

Std. deviation 4.694 10.83 4.726 9.087 0.835 1.107 0.118 83.85 0.069 0.0156 

Units % % % % kN/m
3
 kN/m

3
 -- kN/m

2
 -- -- 
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Fig. 1. frequency histograms for soil properties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. continued 

 

A COMPENDIUM OF THE EXISTING CORRELATIONS 

Over the past six decades, a number of empirical equations have been developed for relating 

compression and recompression indices to deferent soil properties. Al-Khafaji 2005, stated that the 

lack of uniformity in data collection and data interpretation makes it difficult to verify the accuracy 

of derived empirical equations. However, a large number of published equations are now available 

to warrant a closer look at the validity, accuracy, and usefulness of many available empirical 

formulas for compression index estimation. 
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Table 2 and Fig. 2 summarize the equations correlated between (Cc) and (Cr) with other index 

properties of soils consisting of (LL), (PI), (wn), (eo), (t), and (d). These equations were proposed 

or established by many different authors from various places, between the years 1944 and 2009. 

It should be noted that there have been continuous attempts, right from the early stages (1944), to 

develop simple methods to predict (Cc) of soils from simple soil index parameters. In contrast to 

(Cc), only few empirical equations were developed for the estimation of (Cr), were such attempts 

started latterly after (1980).  

Nevertheless, one may observe that the correlation equations vary one with another, with some 

indicating great differences and some being non linear. Also, some of these correlations are 

supposed to reflect compression index of all soils while others are limited to specific soil types 

and/or geographic location.  

Djoenaidi, 1985, and Lav, and Ansal 2001, mentioned that the differences in the correlation 

equations may be attributed to the use of different data sources from which those equations were 

established. Using linear correlation, as stated by Djoenaidi 1985, indicated that the (Cc) can be 

forecast as a linear function of the index properties. However, in practice, care should be taken in 

selecting or using the existing correlations for a given soil, because most of these correlations are 

applicable only to certain regions. 

To examine the applicability of the correlation equations summarized in Table 2 to Baghdad 

cohesive soils, these relationships are plotted in Fig. 2 in which (Cc) and (Cr) of Baghdad Soil are 

plotted against (LL), (PI), (wn), (eo), (t), and (d) successively. The following statements can be 

made based on Table 2 and Fig. 2: 

 These relationships indicated the same trend, i.e, the greater (LL), (PI), (wn), and (eo) or the 

lesser (t), and (d), gives the higher the (Cc) and (Cr). 

 Although there is considerable scatter, most of the lines agree fairly well. 

 Because the compression settlement depends on the initial in situ void ratio (eo), it is 

probably better to use these equations that include (eo) either directly or indirectly, (Bowels, 

1996). 

 It can clearly be observed that the correlation equations using one independent variable 

might not satisfy the compressibility of Baghdad cohesive soil for the given range of data. 

 Correlation equations using more than one independent index property, like equations (F7 or 

F9) in Table 2, seem to be better to provide the best reliability. 

However, attention should be given to the conditions in which the correlation had been made and 

the statistical accuracy of the equations, before choosing a single empirical equation for a particular 

type of soil. 

Table 2 summary of empirical equations developed for relating Cr or Cc 

 Equation Notes Reference 

Cr or Cc = f(LL) 

A1 Cc = 0.007 (LL - 10) Remolded clays Skempton (1944) 

A2 Cc = 0.0046 (LL – 9) Brazilian clays Cozzolino (1961) 

A3 Cc = 0.009(LL - 10) 
N.C. Clays of moderate 

sensitivity 
Terzaghi and Peck (1967) 

A4 Cc = 0.006 (LL - 9) 
Clay from Greece and 

some parts of USA 
Azzouz et al. (1976) 

A5 Cc = (LL - 9)/109 All clays Mayne (1980) 

A6 Cc = 0.00234 LL Gs All inorganic clays 
Nagaraj and Srinivasa Murthy(1985, 

1986) 

A7 Cc=0.009 LL + 0.035 R
2
 = 0.705 Ferreira and Ladeira (1995) 

A8 Cc = 0.006 (LL + 1) All soil  (R
2
 = 0. 259) Lav and Ansal (2001) 

A9 Cc= 0.009 (LL - 16) For (16< LL < 200) Al-Khafaji (2005) 

A10 Cr = 0.000463 LL Gs - Nagaraj and Srinivasa Murthy(1985) 

A11 Cr = 0.0007 LL + 0.0062 42 test data, Turkey Isik (2009) 
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Cr or Cc = f(Ip) 

B1 Cc = 0.005 Ip Gs 
All remolded normally 

consolidated clays 
Wroth and Wood (1978) 

B2 Cc = 0.046 + 0.0140 Ip For Ip < 50 Nakase et al. (1988) 

B3 Cc = Ip/74 Data from different soils Kulhawy and Mayne (1990) 

B4 Cc= 0.011 (Ip – 5.7) 
For cohesive soil 

(R
2
=0.79) 

Heng  (2006) 

B5 Cr = 0.00194 (Ip - 4.6) Best for Ip < 50% Nakase et al. (1988) 

B6 Cr = Ip/370 Data from different soils Kulhawy and Mayne (1990) 

Cr or Cc = f(wn) 

C1 Cc = 0.85 (wn /100) 
1.5

 Finnish mud and clay Helenelund (1951) 

C2 Cc = 0.01(wn - 5) 
Clay from Greece and 

some parts of USA 
Azzous et al., (1976) 

C3 Cc = 0.01 wn Canada Koppula (1981) 

C4 Cc = 0.01(wn – 7.549) Soil from 9 sites in USA Rendon-Herrero (1983) 

C5 Cc = 0.0115 wn Organic silts and clays Bowles (1984) 

C6 Cc=0.015 (wn - 8) Cohesive soil in Taiwan Moh et. al. (1989) 

C7 Cc=0.01 wn - 0.042 R
2
 = 0.856 Ferreira and Ladeira (1995) 

C8 ln Cc = 1.235 ln wn - 5.65 All soil  ( R
2
=0.54) Lav and Ansal (2001) 

C9 Cc = 0.00454 (wn - 10) 
soft soils in southern 

Germany 
Kempfert Gebreselassie (2006) 

C10 Cr = 0.0133 e 
0.036.wn

 42 test data, Turkey Isik (2009) 

Cr or Cc = f(eo) 

D1 Cc = 1.15(eo - 0.35) All clays Nishida (1956) 

D2 Cc = 0.29 (eo - 0.27) Inorganic silty clays Hough (1957) 

D3 Cc=0.43 (eo - 0.25) Brazilian clays Cozzolino (1961) 

D4 Cc = 0.75 (eo - 0.50) Soil with low plasticity Sowers, (1970) 

D5 Cc = 0.40 (eo - 0.25) 
Clay from Greece and 

some parts of USA 
Azzous et al., (1976) 

D6 Cc = 0.141 Gs 
1.2

 [(1+eo)/Gs]
2.38

 Soil from 9 sites in USA Herrero (1980) 

D7 Cc= 0.5 ((1+eo)/Gs)
2.4

 - Oswald (1980) 

D8 Cc= 0.54 (eo - 0.23) Taiwan clay Moh et. al. (1989) 

D9 Cc= 0.379 en - 0.046 R
2
 = 0.855 Ferreira and Ladeira (1995) 

D10 Cc= 0.61 eo - 0.17 - Tan and Gue (2000) 

D11 ln Cc = 1.272 ln e0 - 1.282 All soil  (R=0.817) Lav and Ansal (2001) 

D12 Cc = 1.02 - 0.95 eo 
For overconsolidated 

low plasticity clay 
Gunduz and Arman (2007) 

D13 Cc=0.287 eo - 0.015 Ahwaz Soil ( R2 = 0.47) Ahadiyan et. al. (2008) 

D14 Cc= 0.3 (eo - 0.27) 
Soils in Southeastern 

Wisconsin. 
Edilm and Benson (2009) 

D15 Cr = 0.0121 e 
1.3131 eo

 R
2
 = 0.6501 Isik (2009) 

Cr or Cc = f(γd or γn) 

E1 Cc = 0.5 (γw / γd)
2.4

 Soil of all types 
Cited in Kempfert Gebreselassie 

(2006) 

E2 Cr = 9.3158 e 
-2.8048 γn

 
42 test data, Turkey, (γd 

is t/m
3
) 

Isik (2009) 

E3 Cr = 0.1257 γd 
-2.8826

 
42 test data, Turkey, (γd 

is t/m
3
) 

Isik (2009) 

Cr or Cc = f(Different Variables) 

F1 
Cc=0.37(eo+0.003LL+0.0004wn-

0.34) 

Clay from Greece and 

some parts of USA 
Azzouz et al. (1976) 

F2 Cc = 0.141 Gs (γsat / γd)
2.4

 
Clay from Greece and 

some parts of USA 
Rendon-Herrero (1983) 
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F3 Cc=0.37(eo + 0.003 LL - 0.34) R
2
 = 0.86 Bowles (1984) 

F4 Cc = 0.009 wn + 0.005 LL All clays Koppula (1986) 

F5 
Cc = -0.156 + 0.41I eo + 0.00058 

LL 
72 data points Al-Khafaji and Andersland (1992) 

F6 Cc= -0.048+ 0.005wn+0.179 en 
Soil from Aveiro in 

Portugal 
Ferreira and Ladeira (1995) 

F7 Cc = (0.001 wn + 0.114) (1+eo) For alluvial soils Crumley, et. al.  (2003) 

F8 
Cc= -0.023 + 0.001 LL + 

0.271eo 
R

2
 = 0.48 Ahadiyan et. al. (2008) 

F9 
Cr = 0.037-0.00032 wn -0.0273 

γd +0.064 eo 

42 test data, Turkey  (γd 

is t/m
3
) 

Isik (2009) 
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Fig. 2. Examination to the applicability of the correlation equations to Baghdad soil 
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To examine whenever the (Cc) and (Cr) of Baghdad cohesive soil can be predicted from the 

knowledge of other soil properties, regression analysis was performed using the database compiled 

in this paper. Simple and multiple regression analysis were carried out using a computer program 

(SPSS).  

In order to observe the improvement in the correlations developed due to the adopted parameters, 

the correlation coefficient (R) matrices for the whole data should be establish. Lav and Ansal 2001, 

stated that a lower limit of (R ≥ ± 0.5) can adopted for developing various regression models. 

Accordingly, a correlation coefficient (R) with values greater than or equal to (± 0.5) was adopted 

in the present regression models.  

 

Simple regression analysis was performed between the (Cc) and (Cr) and the selected soil properties. 

The (Cc) and (Cr) are dependent variables and are treated as functions of natural water content (wn), 

initial void ratio (eo), total unit weight (t), dry unit weight (d), liquid limit (LL), plastic limit (PL), 

plasticity index (Ip), and effective overburden pressure (Po) which are termed as independent 

variables. The resulting (R) values for all cases adopted in the simple analysis are shown in Table 

3. 

 

Table 3 Simple regression analysis performed to estimate (Cc) and (Cr). 

 

Values of the coefficient of correlation (R<0.5) shown in Table 3 indicate that direct correlation 

between (Cr) and other soil properties are rather poor when applied to a large number of data from 

Baghdad cohesive soil. Unlike what has been observed for (Cr), the statistical significance of the 

direct correlations between (Cc) and (eo),( d), and (Po) , where (R ≥ ± 0.5),  are moderate. As can be 

observed in this table, the Atterberg limits and the natural water content have a low correlation 

coefficient value for all cases considered in evaluating the (Cc) and (Cr). 

Giasi et. el. 2003, mentioned that the compressibility characteristics of a soil can be correlated to 

different characteristic properties, and the use of one property rather than another is linked to the 

kind of soil being considered and to the conditions in which it is analyzed. Finally he stated that the 

Atterberg limits can be used to evaluate the compression index of remoulded soils samples. It can 

be concluded that the correlation equations using Atterberg limits in a simple regression correlation 

might not satisfy the compressibility of Baghdad cohesive soil for the given range of data.  

Curve estimation using models shown in Table 3 were performed and the related correlation 

coefficients were calculated to investigate the effect of these models on the value of (R). It was 

observed that, in most cases, no significant increase in the value of the correlation coefficient was 

obtained when the curve estimation is used in the regression analysis. 

On the other hand, multiple linear regression studies were conducted to express (Cc) and (Cr) in 

terms of the aforementioned database for Baghdad soil. In this analysis, the emphasis is on the soil 

properties which have a reasonable value of (R) obtained in the simple analysis, i.e. (eo), ( d), and 

Independent 

Variables 

Correlation Coefficient (R) 

Linear Regression Curve Estimation 

Cc Cr Cc Model Cr Model 

wo 0.460 0.402 0.475 Cubic 0.399 Cubic 

eo 0.570 0.420 0.591 Cubic 0.448 Cubic 

t 0.452 0.374 0.454 Exponential 0.373 Logarithmic 

d 0.528 0.451 0.530 Logarithmic 0.452 Logarithmic 

LL 0.114 0.356 0.189 Cubic 0.389 Cubic 

PL 0.260 0.355 0.266 Power 0.355 Cubic 

PI 0.000 0.441 0.084 Cubic 0.442 Power 

Po 0.621 0.336 0.621 Cubic 0.374 Cubic 
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(Po). The results of the multiple analyses between (Cc) and (Cr) and other soil properties are shown 

in Table 4. An examination to this table reveals that introducing Atterberg limits conjugated with 

other parameters reduced the coefficient of correlation in many cases. Nevertheless, in comparison 

with the results from simple linear regression analysis, the inclusion of more than one independent 

variable statistically improves the relationships. The best improvement in the value of (R) can be 

reached when (wo) or (t) or (d) are included in addition to (eo) and (Po) in multiple regression 

analysis.  

 

Table 4 Multiple regression analysis performed to estimate (Cc) and (Cr) 

Independent Variables 
Correlation Coefficient (R) 

Dependent Variables 

1 2 3 Cc Cr 

eo LL - 0.551 0.452 

eo PL - 0.560 0.422 

eo PI - 0.549 0.398 

eo wo - 0.595 0.460 

eo wo t 0.649 0.552 

eo wo d 0.649 0.552 

eo wo Po 0.752 0.571 

eo t - 0.642 0.532 

eo t d 0.648 0.552 

eo t Po 0.782 0.567 

eo d - 0.648 0.551 

eo d Po 0.782 0.577 

eo Po - 0.757 0.557 

d LL - 0.447 0.531 

d PL - 0.492 0.543 

d PI - 0.444 0.455 

d wo - 0.533 0.457 

d wo t 0.541 0.461 

d wo Po 0.692 0.486 

d t - 0.530 0.455 

d t Po 0.692 0.485 

Po LL - 0.652 0.495 

Po PL - 0.670 0.487 

Po PI - 0.644 0.403 

Po wo - 0.658 0.460 

Po wo t 0.692 0.486 

Po t - 0.679 0.445 

 

A list of possible relationships for estimating the (Cc) and (Cr) using various index parameters 

developed in this study is summarized in Tables 5 and 6. During this study, all possible 

relationships were tried; however, naturally in some of these relationships, the correlation 

coefficients were low. The equations given in these tables are the ones which had the highest 

correlation coefficient (R≥ ± 0.5). 
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Table 5 Summary of relationships developed to evaluate (Cr). 
 

Relationships Developed to Evaluate (Cr)  

Independent Variables  (R) Regression Equation 

eo, wo, t 0.552 Cr= 0.017 + 0.061 eo + 0.0004 wo – 0.001 t 

eo, wo, d 0.552 Cr= 0.02 + 0.061 eo + 0.00023 wo – 0.001 d 

eo, wo , Po 0.571 Cc= -0.009 + 0.061 eo + 0.0004 wo + 0.00003 Po 

eo, t , Po 0.567 Cr= 0.0178 + 0.0622 eo - 0.0011 t + 0.00004 Po 

eo, d 0.551 Cr= 0.038 + 0.068 eo - 0.002 d 

eo, d , Po 0.577 Cr= 0.0196 + 0.0614 eo - 0.00134 d + 0.00003 Po 

eo, Po 0.557 Cr= -0.005 + 0.067 eo + 0.00004 Po 

 

 

Table 6 Summary of relationships developed to evaluate (Cc). 

 

Relationships Developed to Evaluate (Cc) 

Independent Variables  (R) Regression Equation 

eo 0.570 Cc=0.31 eo - 0.006 

eo 0.591 Cc=0.620 - 2.42 eo + 3.84 (eo)
2 – 1.74 (eo)

3 

Po 0.621 Cc= 0.159 + 0.0005 Po
 

eo, wo 0.590 Cc= -0.034 + 0.25 eo + 0.003 wo 

eo, wo, d 0.649 Cc= 0.113+ 0.31 eo + 0.001 wo – 0.009 d 

eo, wo, t 0.649 Cc= 0.103+ 0.308 eo + 0.002 wo – 0.008 t 

eo, wo , Po 0.752 Cc= -0.02 + 0.274 eo + 0.00008 wo + 0.0004 Po 

eo, t 0.642 Cc= 0.2 + 0.345 eo - 0.012 t 

eo, t , Po 0.782 Cc= -0.003 + 0.298 eo + 0.0018 t + 0.0004 Po 

eo, d 0.648 Cc= 0.19 + 0.313 eo - 0.012 d 

eo, d , Po 0.782 Cc= -0.0405 + 0.3018 eo + 0.0001 d + 0.00044 Po 

d, t , Po 0.692 Cc= 0.463 - 0.019 d + 0.0001 t + 0.0005 Po 

eo, Po 0.757 Cc= -0.021 + 0.278 eo + 0.00042 Po 

 

A comparison between the relationships proposed by various authors that are shown in Table 2 and 

the ones developed in this study is conducted. It is very interesting that the relationship proposed to 

calculate the compression index in terms of void ratio of Baghdad soil from the simple linear 

analysis is exactly the same as the relationship developed by Ahadiyan et. al. 2008 for Ahwaz Soil 

(D13 in Table 2). Also, one can notice that the relationship proposed to predict the (Cc) of Baghdad 

soil as a function to void ratio and water content (multiple analysis) is similar to equation (F6) 

shown in Table 2 and suggested by Ferreira and Ladeira 1995 for Soil from Aveiro Portugal. 

Moreover, equation (F9) shown in Table 2 proposed by Isik 2009 to estimate the recompression 

index of the Turkish soils is like that developed in this study from multiple analysis to void ratio, 

water content, and dry unit weight. 

Finally, it appears from the study conducted that initial void ratio, dry unit weight, and effective 

overburden pressure yielded sufficiently reliable correlation to estimate recompression index of 

Baghdad cohesive soil. Also, a good estimation was obtained for compression index of Baghdad 

cohesive soil from multiple analyses of initial void ratio, dry unit weight, and effective overburden 

pressure. 
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CONCLUSIONS: 

A database consisting of large numbers of data sets containing consolidation and physical properties 

test results obtained during the last years from different parts of Baghdad city was compiled, 

identified, and used to conduct a statistical study to determine suitable correlations for estimating 

compression and recompression indices. A number of commonly used empirical correlation 

equations that have been developed during the last six decades to estimate (Cc and Cr) were 

summarized and evaluated. A simple and multiple regression analysis were adopted and a 

parametric study was carried out in order to obtain the most suitable and practically applicable 

relationships.  

The main conclusions of the present study are as follow: 

 The evaluation of the database indicates that the degree of compressibility of Baghdad 

cohesive soil can be classified as low to intermediate. While the ratio of (Cs/Cc) for Baghdad 

soil varies from (0.047 to 0.533).  

 The examination of the commonly used empirical correlation equations shows that no one of 

existing simple empirical correlation equations given by different researchers is valid to 

estimate the recompression indices of Baghdad cohesive soil.  

 The results of regression analysis conducted in this study reveal that the compression index 

of Baghdad cohesive soil cannot be estimated from Atterberg limits and the better values of 

compression and recompression indices of Baghdad soil can be obtained when more than 

one index property is used in the regression analysis.  

 Finally, in practice, care should be taken in selecting or using the existing correlations for a 

given soil, because most of these correlations are applicable only to certain regions. 
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NOMENCLATURE: 

e : void ratio 

eo: natural void ratio 

LL: liquid limit 

Ip : plasticity index 

P : consolidation pressure  

PL: plastic limit 

Po : effective overburden pressure 

R : Correlation Coefficient 

wo: natural moisture content 

d :dry unit weight  

t: total unit weight 
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ECG SLANTLET TRANSFORM WITH FPGA DESIGN 
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ABSTRACT 

 

The ECG is used for the clinical analysis of physiological data has occurred 

in the field of cardiology. Certain abnormalities of the ECG are quite well defined and 

can be readily identified. The digital signal processing Slantlet Transform is used in the 

feature extraction of ECG monitoring and Diagnosis system to convert the continuous 

ECG signal to a form can be classified by a classifier of the ECG monitoring and 

Diagnosis system to detect the cardiac abnormalities.  

 

In this paper, FPGA is used to build the slantlet Transform of the ECG 

feature extraction .VHDL program of FPGA is used in the work, the obtained output 

results are similar to the past work results, which is built by using Mat Lab program, in 

accuracy and closing to the original ECG signal. Using FPGA decreases the cost and 

time for building hardware system of ECG Monitoring and Diagnosis system. It also 

gives more flexibility than the alternate approaches. Mat-Lab program is used only for 

displaying the input and output discrete signals of slantlet transform. 

 

 :الخلاصة
اللراتت . يستعمل  تخطيط القمب الكهربائي لغرر  التلميرل الطبري لمبيا رات اليسرمليي التري تلربث لمقمرب          

( Slantlet)إن التلويرل . تخطيط الكهربائي لمقمب هي معرفي بشكل واضح ويمكن تلبيربهاغير الطبيعيي المؤكبة لم
في معالج الإشارة الرقميي يستعمل في  ظام المعاي ي والتشخيص  لتخطيط القمب الكهربائي تستخراج خاصريي إشرارة 

المعاي ررري والتشرررخيص  تخطررريط القمرررب الكهربائيررري المسرررتمرة لترررب يمكرررن تصررر ييها بواسرررطي  ظرررام تصررر ي  فررري  ظرررام 
 . لتخطيط القمب الكهربائي تكتشا  اللاتت غير الطبيعيي لمقمب

( Slantlet)فرري هررلا البلررث لب ررال التلويررل ( FPGAs)تررم اسررتعمال المبرررمج اللقمرري لمصرريوفات البوابرري          
فري هرلا العمرل   (FPGAs)التراب  ل ( VHDL)ترم اسرتعمال بر رامج . تستخراج خاصريي تخطريط القمرب الكهربرائي

مررن  اليرري البقرري والمقاربرري مررر   Mat-Lab))كا ررت ال تررائج مقاربرري ل تررائج  مررل سررابب  تررم ب ررالج باسررتخبام بر ررامج 
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قمررل الوقررت والكميرري اللبمررين لب ررال الرربائرة اتلكترو يرري ل ظررام المعاي رري ( FPGAs)الإشررارة الصررميين لكررن اسررتعمال 
وقرب ترم اسرتخبام بر رامج . ا ر  يعطري مرو ري ركمرر مرن رم  ظرام بربيل  خرروالتشخيص لتخطيط القمب الكهربائي كمرا 

Mat-Lab   فقط لعر  الإشارات الباخمي إلب التلويلSlantlet    والخارلي م. 
 

INTRODUCTION: 

              The human heart is a complex muscular pump. Owing to the importance of the 

heart, a great interest has been given to monitor the heart operation, to detect its 

abnormalities. ECG measurements are used to monitor the contraction of the cardiac 

muscles by measuring the propagation of electrical depolarization and repolarization in 

the atria and ventricles. The ECG interpretation is important for cardiologists to decide 

diagnostic categories of cardiac problems.  

               

 The ECG pattern recognition as shown in fig. 1 is studied and programmed by 

Mrs. Rasha Thabit in her thesis . The first block is the sampler, where is necessary to 

convert the continuous ECG electrical signal (x(t)) to a discrete one. The recognition of 

cardiac abnormalities is done in the third block by using neural network, depending on 

the features representing the ECG signal. Different types of digital signal processing 

transformation are tested in feature extraction block of ECG pattern such as FFT, 

Discrete Wavelet Transform and SLT, etc. In the thesis of Rasha, SLT gave better 

results than the other systems because it is the more accurate system, where the results 

of classification in the third block (neural network)   has minimum percentage error 

rate, when SLT is used with respect to other types. Mat Lab program is used to 

implement the thesis work.  

 

In this paper, FPGAs is used to build the SLT of ECG feature extraction instead 

of using Mat Lab program, to design a hardware circuit for this part..  

                

FPGA is on the verge of revolutionizing digital signal processing. Many front-

end digital signal processing algorithms are now most often replaced by FPGAs. This 

allows users to by pass the hardware design engineer leading to a significant reduction 

in development time and cost. VHDL program is used to build FPGA SLT design, 

where it is widely used in this field to offer software implementation. Different types of 

ECG signals are used to test the new system, by applying the samples of these signals 

to the ECG feature extraction block, which is built by FPGA. The input and output 

signals of the feature extraction block are plotted using  Mat Lab program.  
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DESCRIPTION OF THE ECG WAVEFORM: 

 

Atypical ECG waveform is shown in fig. 2. The initial wave is the P-wave, it 

is small and rounded. Next a sharp combination wave known as QRS complex which is 

comprised of the sharp downward Q-wave, followed by the upward R-wave and 

subsequently the downward S-wave. The final wave, T-wave is rounded. The R-R 

interval represents the period from the R-peak of one beat of the ECG signal to the next 

R-peak. The P-R interval represents the period from the start of the P-wave to the 

beginning of the QRS complex, Q-T interval represents the period from the beginning 

of the QRS complex to the end of T-wave. 

 

There are 12-lead ECG system, which includes three limb leads (I, II or 

(MLII), III), three augmented leads (aVR, aVL, aVF) and six precordial leads (V1, V2, 

V3, V4, V5, V6). It is the commonly used ECG system in clinic or health care centers. 

 

Abnormalities of cardiac rhythm are easy to work out, by looking at the shape 

and width of the ECG waveforms such as P-wave, Q-wave, ST segment and T-wave. 

Then, the heart disease is diagnosed depending on the ECG waveform shape, such as 

Right Bundle Branch Block, Left Bundle Branch Block, Myocardial Infarction, 

Ventricular Tachycardia and Fibrillation.  

 

 

.  

 

 

 

 

 

 

Fig. 1:  Pattern recognition system 

Sampler 
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Transform 

Dimensionality 

Reduction 

Trained 

Classifier 

Feature Extraction 
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Fig. 2: Typical ECG waveform 
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Feature Extraction Using Slantlet Transform: 
The slantlet filter bank used in feature extraction is based on three-scale filter 

bank as shown in fig. 3. The L-scale filter bank has 2L channel . The low pass filter is 

to be called h L (n). The filter adjacent to the low pass channel is to be called f L (n). Both  

h L (n) and f L (n)are being followed by downsampling by 2 L . The remaining 2L-2 

channels are filtered by g i (n) and its shifted time reverses for i = 1,……..,L-1. Each is 

to be followed by downsampling by 2 1i  . Note that in the slantlet filter bank, each filter  

g i (n) appears together with its reverse, while h i (n) does not appear with its time 

reverse. It always appears paired with the filter f i (n). The filters  g i (n) , h i (n) and f i (n)  

have two zero moments that is, their inner products with linear polynomial sequences 

are zero.  

 

The sought-after filter g i (n) is to be linear over the interval n{0,…., 2 i -1} 

and over the interval n{2 i ,…., 2 1i -1}, therefore, it is described by four parameters 

and can be written as:  

 

g i (n)=







 12,...,2)2(

12,...,0
1

1110

0100

iii

i

nfornaa

nfornaa
                    (1) 

 

Where  

 m = 2 i  

 s 1  = 6 ))14)(1/(( 22  mmm  

 t 1  = 2 ))1(/(3 2  mm  

 s 0  = -s 1 · (m-1)/2 

 t 0  = ((m+1)   ·  s 1 /3 - m t 1 )(m-1)/(2m) 

a 00 = (s 0 + t 0 )/2 

a 10 = (s 0 - t 0 )/2 

a 01= (s 1 + t 1 (/2 

a 11 = (s 1 - t 1 (/2 

 

The same approach works for  h i (n) and f i (n), they can be written in terms of 

eight unknown parameters b 00 , b 01, b 10 , b 11 , c 00 , c 01, c 10  and c 11 . 

 

h i (n)=







 12,...,2)2(

12,...,0 b
1

1110

0100

iii

i

nfornbb

nfornb
                     (2)          
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f i (n)=







 12,...,2)2(

12,...,0
1

1110

0100

iii

i

nforncc

nforncc
                      (3)  

 

Where 

 m = 2 i  

 u = 1/ m  

 v = 3/)12( 2 m  

b 00 = u · (v+1) / (2m) 

b 10 = u – b 00  

b 01= u/m 

b 11 = - b 01 

 q = ))1(/(3 2  mm /m 

c 01= q · (v - m) 

c 11 = - q · (v + m) 

c 10 = c 11 · (v +1-2m)/2 

c 00 = c 01· (v+1)/2 

 

The filters are implemented by a sequence of convolutions and down sampling, 

only four terms are needed to compute y i (n). The output sample of channel i is written 

as an inner product. 

 

y i (n) = 









12

0

1

1

)()2(

i

k

i

i kgknx                                                (4)   

       

y i (n)=a 00 




 
12

0

1 )2(

i

k

i knx +a 01 




 
12

0

1 )2(

i

k

i knkx +a 10  




 
12

0

1 ))2(2(

i

k

ii knx + 

a 11 




 
12

0

1 ))2(2(

i

k

ii knkx       (5)                      

          

 The same equation will be used for h i (n) and f i (n), the number of x input data 

sampling for this work is 256 samples and the number of y output data sampling is 

dependent on the value of downsampling, which is limited by the value of L and i  . 
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FPGA DESIGN OF SLANTLET TRANSFORM: 

 

VHDL program provides language constructs for parametrizing and 

customizing designs, and for definition and usage of design libraries. These constructs 

enable a designer to generate a functional design independent of the specific technology 

and customize this generic design at a later stage. Specifically, library, use clause, 

package, and configuration declarations of VHDL are used for grouping or categorizing 

various components into design libraries and for customizing designs to use 

components in these libraries.  

 

Several levels of components are nesting in the design of SLT. Fig. 4 shows the 

composition aspect for a configuration declaration of wiring and testing the SLT 

components architecture (architecture is a statement in VHDL program), where Slantlet 

Transform level (top level) and SLT filters level (second level) are shown in the figure. 

The Slantlet Transform level is the block of the whole SLT architecture.  Inside this top 

level, SLT filters blocks are used as another level (filters level), each filter has a 

specified architecture.  

 

Algorithm for the Slantlet Transform level (SLT block) is: 

Step 1: Read a Text file of sampling data of ECG waveform (input data file),which is 

taken from MIT-BIH ECG database. A specified procedure (procedure is a 

h3(n) 

Fig. 3:  3-scale slantlet filter bank 

Input 

signal  

f3(n) 

g2(n) 

g2(7-n) 

g1(n) 

g1(3-n) 

8 

8 

8 

8 

4 

4 
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VHDL statement) is used to read only 256 sampling values (real values) 

,where the ECG waveform is repeated after that .  

Step 2: Convert these real values to binary values, with eighteen bits. A specified 

procedure is used for this operation. The binary  values are stored in XX 

matrix. 

Step 3: Give the XX matrix to the second block (filter block), the six filter blocks 

receives the XX matrix in parallel. 

Step 4: SLT block receives the output of filters by a matrix Y with 32 cells for h3, f3 

and g2 filters output and 64 cells for g1 filter output, depending on the 

downsampling of each filter. Each cell with thirty six bits length.  

Step 5: The binary values of Y matrix are converted to real values by a specified 

procedure. 

Step 6: write the real values in a text file (output data file) by a procedure.  

 

Algorithm for the filters level (filter block) is: 

 

Step 1: Take the XX matrix from the SLT block. 

Step 2: Apply eq. (5) by replacing XX in x matrix and replacing filters functions g, h 

and f with their equations (1,2 and 3) respectively in eq. (4).  Y output is 

obtained as a result. Specified circuit design is used to apply eq. (5), as shown 

in fig. 5.       

Step 3: Return Y matrix to the SLT block.   

 

Fig. 5 shows the block diagram of the filters architectures design in the second 

level. This design is applied for the filters with downsampling by eight such as h3,f3 

and g2. 

 In the design eight values of inputs data x are taken at each time. The first four inputs 

data from the eight values are added by adder component, the component has four 

inputs each input eighteen bits and one output acts the result of addition. The first four 

inputs data are also multiplied by k as in eq. (5). Multiplier component is used to 

multiply the four inputs data with four k values to obtain four results of multiplication 

(parallel multiplication), each input and output of this multiplier are eighteen bits. 

Another adder component is used to add the four results of multiplier component. The 

same operation is done for the second four inputs data, also two adders and one 

multiplier are used for the second four inputs data.  

 

            Four multipliers are used to multiply the outputs of four adders with filter 

constants (a, b or c as in eq. (5)). Each multiplier has two inputs, each one is eighteen 

bits. One output result of multiplication thirty six bits. At last the four outputs of 

multipliers are added by adder component with four inputs ,each input thirty six bits 

and one output result of addition thirty six bits.  
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The output is loaded in the matrix of output data Y. This operation is repeated 

for another eight values of input data. The same design is used for the g1 filter but four 

inputs data are taken at each time.   

 

IMPLEMENTATION AND RESULTS: 

 

The whole FPGA design of SLT is implemented by VHDL program. The output 

of the low pass filter h3 (Y5) is the approximation of the signal and the other outputs 

are the details, therefore the output of the h3 filter is only displayed to obtain a close 

signal to the input one. 

 

The input ECG signals are taken from MIT-BIH ECG database; the records 

202,102 and 111 are used for Normal, Paced and Left Bundle Branch ECG signals 

respectively. 256 samples are enough to take from the sampling data file as input to the 

SLT filters, where the same data are repeated after that. The output of the h3 filter is 32 

samples of data. 

 

The input and output ECG samples real data, which is written in input data text 

file and output data text file are plotted using MAT-LAB program. The results are 

shown in fig. 6, fig. 7 and fig. 8 for normal, paced and left bundle branch ECG signals 

respectively. The continuous ECG signal for a patient is shown in (a), the ECG signal 

after the sampler (input to SLT) is shown in (b) and the signal after SLT is shown in 

(c), a single beat of MLII signal for normal and left bundle branch is taken and a single 

beat of V5 for paced beat is taken.     
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Fig. 4 : Composition aspect of the  Slantlet 

Transform  for testing ECG feature extraction 
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CONCLUSIONS: 
 

            The work with VHDL program gives output waveform of SLT very close to 

input one. It is clear from the output signal figures, that is the output waveform has the 

features of the original ECG signal to accurately classify the heart arrhythmias. 

 

As in any high level language, VHDL allows the definition and usage of 

functions and procedures. In addition to the important hardware implications of 

subprograms, these language constructs greatly improve readability and organization of 

a hardware description. 

Fig. 5 : Block diagram of filter architecture design. 
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(b) (c) 

(a) 

Fig. 6:  

 (a) The ECG record (Normal Sinus Rhythm). 

 (b) The Extracted single beat. 

 (c) 32  samples of the SLT (h3 output).  
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(b) 

(a)
 (b) 

) 

(c) 

Fig. 7:  

 (a) The ECG record (Myocardial Infarction (Paced beats)). 

 (b) The Extracted single beat. 

 (c) 32  samples of the SLT (h3 output). 

(a) 
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(b) 
(c) 

(a) 

Fig. 8:  

 (a) The ECG record (Left Bundle Branch). 

 (b) The Extracted single beat. 

 (c) 32  samples of the SLT (h3 output). 

 



Z.N. Ghanim                                                                 ECG Slantlet Transform With FPGA Design 

 

 7755 

REFERENCES: 
 

 D. A. Demarre and D. Michaels, "Bio electronic measurements", Prentice Hall, 

Inc., Englewood cliffs, New Jersey, USA, 1983.  

 

 http://www.physionet.org/, Explore Physio Bank from a web browser, ECG 

MIT-BIH database. 

 

 Ivan W. Selesnick, "The Slantlet Transform", IEEE transactions on signal 

processing, vol. 47, no. 5, May 1999. 

 

 J. D. Enderle, S. M. Blanchardend, and J. D. Branzino, "Introduction to 

Biomedical Engineering", Academic Press, 2000. 

 

 J. R. Hampton, "The ECG made Easy", Elsevier Science limited, sixth edition, 

2003. 

 

 Mc Sharry PE, Clifford GD, Tarassenko L., Smith L., "A Dynamic Model For 

Generating Synthetic Electrocardiogram Signals", IEEE transactions on 

biomedical engineering 50 (3), 289-294, March 2003. 

 

 N. Ahmed and K.R. Rao, "Orthogonal Transforms For Digital Signal 

Processing", Springer-Verlag, 1975. 

 

 N. M. Saad, A. R. Abdullah, and Y. F. Low, "Detection of Heart Blocks in ECG 

signals by Spectrum and Time-Frequency analysis", IEEE 4
th

 student 

conference on research and development, pp. 61-65, 2006. 

 

 R. Thabit, "ECG Monitoring And Diagnosis Using Hybrid Transform Method", 

M.Sc. Thesis, Department of Electrical Engineering, University of Baghdad, 

2008. 

 

 Uwe Meyer-Baese
a

, A. Vera
b

, A. Meyer-Baese
a

, M. Pattichis
b

, R. Perry
a

,
 

a

FAMU-FSU,  "Discrete Wavelet Transform FPGA Design using 

Matlab/simulink", ECE Dept., 2525 Pottsdamer Street, Tallahassee, FL USA-

32310; 
b

University of New Mexico, ECE Dept., Albuquerque, NM 87131, 

2006. 

 

 Zainalabedin Navabi, "VHDL Analysis and Modeling of Digital Systems", 

McGraw-Hill Series in Electrical and Computer Engineering, 1993 . 

 

 

http://www.physionet.org/


Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 7755 

LIST OF ABBREVIATIONS: 

 

ECG : Electrocardiogram. 

FFT : Fast Fourier Transform. 

FPGAs : Field Programmable gate arrays. 

SLT : Slantlet Transform. 
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VHDL :  VHSIC Hardware Description Language. 
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ABSTRACT  

In the present work, the finite element method has been used to investigate the 

behavior of reinforced concrete slabs subjected to dynamic loads. Eight-node 

Serendipity degenerated elements have been employed. This element is based on 

isoperimetric principles with modifications, which relax excessive constraints. The 

modifications include reduced order integration to overcome the shear locking. 

 A layered approach is adopted to discretize the concrete through the thickness. 

Both an elastic-perfectly plastic and strain hardening plasticity approaches have been 

employed to model the compressive behavior of the concrete. A tensile strength 

criterion is used to initiation of crack and a smeared fixed crack approach is used to 

model the behavior of the cracked concrete. Five models are used to consider the effect 

of tension stiffening in the cracked concrete.   

  Implicit Newmark with corrector-predictor algorithm is employed for time 

integration of the equation of motion. 

 Several examples are analyzed using the proposed model. The numerical 

results showed good agreement with other sources. 
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 ألخلاصت

اسخخذهج  .للبلاطاث الخشسانيت الوسلحت الذيناهيىي اسخخذهج طشيمت العناصش الوحذدة لذساست الخصشف اللاخطي

ادز  العناصدش حعخودذ  لدد هبدذأ حاليدذ الوخميدشاث هد  ا خوداد هضوا دت هد  . العناصش روانيت العمدذ يدي ادزا البحدذ

حخضدو  لاا دذ الخىاهدل الوخفدل  رلده لخفداد  لالدت المفدل ادز  الخعدذيلاث . الخعذيلاث الخي حخفف المياد الإضداييت

  بالمص

   هزل سلان .  لد اهخذاد اسحفاع همط  البلاطتاسخخذم هبذأ الطبماث لخوزيل الىانىشيج  لذيذ الخسليح         

 خذام اسخ حن .حاهت اللذ نت أ  ووادة هشنت ه  انفعالاث لذنت هخصلذة -الخشسانت يي لالت الانضماط ووادة هشنت

اسخخذم اسلاب الشك الزابج لخوزيل الخشسانت الوخشممت ه   للشذ للخنبؤ بحذ د حشمك   الخشسانتهما هت  سلان

نوارس لخوزيل حأريش صلابت الشذ يي  تالا خباس خوس ييأخزث . حزبيج لذ د هما هت حصلذ الشذ للخنبؤ بحذ د الشك

  .الخشسانت الوخشممت

 .الخصحيح لحل هعادلت الحشوت الخفاضليت-اسن الضونيت ه  طشيمت الخنبؤحن أ خواد طشيمت  نياه        

 ه  النخائش الوسخحصلت بالطشق الأخشى" صيذا" حن لل  ذة أهزلت أظهشث النخائش حاايما

 

KEY WWORDS 

Dynamics, Finite elements, Nonlinear analysis, Reduced integration, Reinforced 

concrete slabs, Tension stiffening models. 

 

NOTATION 

B   Strain-nodal displacement matrix.  

bB   Bending strain- nodal displacement matrix.  

sB   Transverse shear strain- nodal displacement matrix.  

D   Flexural (or Shear) Rigidities. 

bD   Flexural rigidities.  

sD   Shear rigidities.  

d     Displacements.  

d     Velocities.  

d    Accelerations  

Ec  Initial modulus of elasticity of concrete.  

Es  Modulus of elasticity of steel.  

Es'  Second modulus of elasticity of steel (hardening coefficient).  
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fc'  Uniaxial compressive strength of concrete.  

ft '  Uniaxial tensile strength of concrete.  

Gc  Fracture energy of concrete.   

K  Elastic stiffness matrix. 

*K   Effective stiffness matrix. 

KT  Tangential stiffness matrix. 

xM , yM , xyM Generalized stress components(moments).   

N  Shape function. 

   Mass density. 

xQ , yQ   Generalized stress components (shear forces). 

R.C.  Reinforced concrete.  

 ,    Newmark's integration parameters.  

x , y  Strains in x and y-direction.   

b   Bending strain tensor.  

s   Transverse shear strain tensor.   

u   Crushing strain.  

   Poisson's ratio.  

yx  ,
  Normal stress components.  

 

INTRODUCTION 

The finite element method was introduced for structural analysis many years ago. It 

has been recognized as a powerful and widely used approach for analysis of  R.C. 

structures 
[1,5,10,11,20]

. 

 Farag and Leach 
[9]

 analyzed reinforced concrete structures under transient 

dynamic loading. The three dimensional isoparametric element with 20 nodes is used 

to simulate the concrete. The smeared approach is used to represent the reinforcement 

in the elements. A viscoplastic model is used to simulate the concrete in compression 

with two surfaces, the failure surface expressed as a function of the first and the 

second deviatoric stress invariant. 

Shirai et al. 
[21]

 investigated and proposed a method to improve impact 

resistance of reinforced concrete plates against projectile impact, and the damage of 
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double-layered reinforced concrete plates was examined experimentally and simulated 

analytically.  

Sziveri et al. 
[22]

 analyzed reinforced concrete plates under transient dynamic 

loading. A layered triangular element was considered for determining the dynamic 

transient nonlinear response of reinforced concrete plates.   

Manjuprasad et al. 
[18]

 analyzed reinforced concrete rectangular slabs and 

containment shell subjected to seismic load. A 20-noded three-dimensional, solid 

isoparametric finite element is used for spatial discretisation. 

Agbossou and Mougin 
[3]

 used a layered approach to the non – linear static and 

dynamic analysis of rectangular reinforced concrete slabs. The proposed model 

considers the slab as a layered structure and leads to explicit relations, which account 

for the macroscopic linear and non-linear behavior of slabs on lines of simple supports.  

Xu and Lu 
[24] 

analyzed reinforced concrete plates subjected to blast loading 

using three-dimensional nonlinear finite element. Pseudo-tensor concrete/geological 

model is employed to model the concrete, taking into account the strain rate effect. A 

strain rate multiplier is used to modify the dynamic yield strength of the concrete 

material.  

 

BASIC THEORY 

By Mindlin thick plate element, the variation of displacements and rotations   are given 

by the expression as
[12]

: 

 

   ,w  ,x   i

n

i

i

T

y dN



1

                       ………………………………..(1) 

The plate curvature-displacement and shear strain-displacement relations are 

then written as: 

 i

n

i

bib dB



1

     ,     i

n

i

sis dB



1

       ….……………………………...(2) 

 The moment-curvature and shear force–shear strain relations can be written as:    



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 5896 

 ,xM  ,yM   bb

T

xy DM     ,       ,xQ  yQ  ] T  = ssD         ….…….….(3) 

Based on the energy minimization, the elastic stiffness and the mass matrices 

can be determined from the relations:    

      dvBDBK
v

T

                    ….………………..………………….(4)   

     dvNNM
v

T

                     .….….……………………………….(5) 

 

REDUCED INTEGRATION 

Based on the work of Dohestry et al. 
[8]

 to eliminate the parasitic shear on plane 

quadrilateral elements, the implementation of the reduced integration for the 

degenerated shell element was firstly introduced by Zeinkiewics et al. 
[25]

. Then many 

papers about the reduced integration technique have been published
[13,19]

. 

Using the full integration rule a shear-locking problem will appear. Therefore 

reduced integration rule (2x2) for 8-node Serendibity element is applied in this study 

to overcome this problem. 

 

MATERIAL MODELING  

Based on the flow theory of plasticity, the nonlinear compressive behavior of concrete 

is modeled. Adopting Kupfer's results
[16]

, the yield condition for the slab can be 

written in term of the stress components as
[10]

: 

   oyxoyzxzxyyxyxf  
5.022222 )(355.0)(3)(355.1)(

  …...(6) 

where  
( )   is the equivalent effective stress taken as the compressive strength ( f c

'

) 

which is obtained from uniaxial test. 

The crushing of concrete is a strain control phenomenon. A simple way of 

incorporation in the model is to convert the yield criterion of stresses directly into the 

strains, and the crushing condition can be expressed in terms of the total strain 

components as: 
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 1355 075 0 355
2 2 2 2 2 2

. ( ) . ( ) . ( )          x y x y x y x z y z u x y u         ....(7) 

The concrete is assumed to lose all its characteristics of strength and rigidity 

when ( ) u  reaches the specified ultimate strain. 

Tension stiffening, illustrates that the cracked reinforced concrete as a result of 

bond mechanisms carries, between cracks, a certain amount of tensile stress normal to 

the cracked plane. The concrete between cracks adheres to the reinforcing bars and 

contributes to the overall stiffening of the structure. The strain softening or descending 

branch of the stress strain curve of concrete in tension, in one form or another, may be 

used to simulate this ”tension stiffening” effect. In the present study five types of 

tension stiffening models are used. 

(i) Model (1) linear model. In this model a linear gradual release of the concrete stress 

component normal to the cracked plane is assumed. as shows in Fig (1). 

(ii) Model (2) tension stiffening (parabolic model). The relationship between stress 

and strain after cracking is given in Fig(2) as cited in reference 
[1,4,5]

 : 

 


 

 





f t

m

t m

' ( )1 2
 ……………………………………………………(8) 

The maximum tensile strain ( ) m can be evaluated from equation (9) as: 

 

 m

c

c t

t

G

h f
 

3
' ………………………………………………………(9) 

The typical values for ( )Gc lie in the range ( / )'200 2f Et c  to ( / )'400 2f Et c .  In the 

present study ( )Gc  is taken equal to 100 N /m. 

(iii) Model (3) is used in the present study, and is given by Collins and Vecchio 
[23]

 

and by Collins and Mitichell 
[7]

, see Figure(3) 

                        
 






1 2

11 500

f t

'

……………………………………….(10) 

where 
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 1
= factor accounting for bond characteristics of reinforcement equal ( . )10  for 

deformed reinforcing bars and ( . )0 7 for plain bars, wires, or bonded strands and ( )0 for 

unbounded reinforcement. 

 2
= factor accounting for sustained or repeated loading equal to ( . )10 for short-term 

monotonic loading and ( . )0 7 for sustained and or repeated loading. 

It must be noted that the stress in the reinforcement at a crack location cannot 

exceed the yield stress of reinforcement. 

(iv) Model (4) This model is developed by Abrishami
 [2]

 tack the splitting effect into 

account. After cracking the maximum tension is limited to the yield force of the 

reinforcement. To account for the detrimental effects of the influence of splitting 

cracks on the tension stiffening, the factors ( , , )  1 2 3

[2]
 are including, see Fig (4). 

                       
  






1 2 3

11 500

f t

'

  ……………………………………...(11) 

where 

 1  and  2  are defined as in equation (10) 

 

 3 = 10.                   for c db/ . 2 5 

 3 = 08 1. /c db        for 125 2 5. / . c db  

 3  = 0                     for c db/ . 125  

where ( )c is the concrete cover to the centroid of steel and ( )db is the diameter of  

the bar, ( )'f t is the tensile strength of concrete and ( )
1

is the strain in concrete in 

direction (1). Both models (3 & 4) have a limited value of   m y  

(v) Model (5) is a linear model. This model is developed by Johanson 
[5]

 and adopted 

in the present analysis where by assuming unloading and reloading of cracked 

concrete, the behavior is linear which is shown in Fig. (5)  
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CRACKED SHEAR MODULUS  

In the present study, the cracked shear modulus is assumed to be a function of the 

current tensile strain. In this approach a value of ( )'G  linearly decreasing with the 

current tensile strain is adopted by Cedolin and Deipoli 
[6]

 and used by many 

investigators 
[1,5,10]

 . 

For concrete cracked in direction 1. 

G G12 10 25 1 0 004' . ( / . )      for   

G12 0'        for   

G G13 12

' '    

G G23

5

6

' 
                                         ………………………………..(12)  

 where ( )G  is the uncracked shear modulus and ( ) 1 is the tensile strain in 

direction ( )1 . For concrete cracked in both directions: 

     

                            

                                                                            ……..(13)  

       

        

 

 

NEWMARK METHOD 

The Newmark method as cited in reference
[11]

, and adopted in this work, is an 

extension of the linear acceleration method. The dynamic equilibrium equation is 

linearized and written at time  tn 1  as:   

 1111   nnnn fKddCdM 
 ……………………………………..(14) 

and       dvNNcC
v

T

        ………………………………………(15) 

where c  is a damping coefficient (per unit volume). 

The following assumptions on the variation of displacements and velocities are 

made within a typical time step: 

 1 0 004 .

 1 0 004 .

 1 0 004 .

 1 0 004 .

 2 0 004 .

 2 0 004 .

G G23 13

' '

G G13 10 25 1 0 004' . ( / . )  

G13 0' 

G G23 20 25 1 0 004' . ( / . )  
G23 0' 

G G12 2305' '.

for 

for 

for 

for 

for 
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]2)21[(
2

1

2

1  


 nnnnn dd
t

dtdd  
     …………………(16) 

])1[( 11   nnnn ddtdd  
                       …………………...(17) 

The Newmark family of direct integration includes, as particular cases, many 

well known integration schemes.   

In the present work an unconditionally stable time stepping scheme is adopted 

with 5.0  and  25.0   

Huang
[12]

 and Hughes et al
[14]

 have developed a predictor-corrector form of the 

Newmark  method which is most suitable for nonlinear transient analysis. 

The Newmark formulas can be written in terms of predictor and corrector 

values as 

1

2

11   n

p

nn dtdd 
       …………………..…………………….(18)  

111   n

p

nn dtdd  
         …………………………..……………(19) 

with predictor values given as 

nnnn
p d

t
dtdd  )21(

2

2

1 




      …………………………..….(20) 

nnn
p dtdd  )1(1                          ………………………….…(21) 

The terms 1nd
 ,  1nd

 are corrector values and 1n
pd  , 1n

pd  are the predictor 

values. The corrector values for the acceleration values can be obtained from equations 

(18) and (19) as:  

)/()( 2

111 tddd p

nnn   
      ……..………………………………(22) 

Substituting equations(18), (19) and (22) into equation(14) an effective static 

problem is formed in terms of unknown d  where: 

dK *

                     ……………………………………………(23) 

and where the effective stiffness matrix is 

TT KtCtMK  )/()/( 2* 
  …………………………….(24) 

and the residual forces are 
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)( 1111

p

n

p

nT

p

nn dpdCdMf   
     ……………………………(25) 

where Kddp )(                             …………………………..…………...(26) 

When solving nonlinear problems, the linearization makes it necessary to 

perform iterative correction to d  to achieve equilibrium at time tt  . A Newton-

Raphson type scheme is used in this work. 

 

NUMERICAL EXAMPLES 

Example(1): Clamped rectangular   R.C. slab subjected to a jet force   

The clamped reinforced concrete slab shown in Fig.(6) is subjected to a jet force at the 

center. The percentage of reinforcement placed near the upper and lower surfaces in 

each direction is 1.5% . 

From symmetry only one quarter of the slab is considered. The finite element 

mesh is shown in Fig.(7). Nine elements with six concrete layers and four steel layers 

are used in the thickness direction. 

The selected time step is approximately 1/25 of the elastic fundamental period. 

Thus the time step is nearly 0.001 second. The material properties of the concrete and 

steel are given in Table(1). 

 The dynamic response for different tension stiffening models ( for cracking 

strains 0.00015 and 0.0002) are shown in Figs.(8-9).( assume deformed bar of 

diameter 25mm is used). Numerical results are in good agreement with reference
[5,18]

. 

Example(2): Clamped circular R.C. slab    

The clamped reinforced concrete slab shown in Fig.(10) is subjected to a uniformly 

distributed load of intensity 0.14 N/mm
2
. The slab has a radius of 10m and a thickness 

of 1m. The load is applied with a rise time equal to half of the elastic fundamental 

period (T=0.06 second). The materials properties are given in Table(2). 

The percentage of reinforcement placed near the upper and lower surfaces in 

the radial and tangential directions is 1% . 
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From symmetry only one quarter of the slab is considered. The finite element 

mesh is shown in Fig.(11). Eight elements with six concrete layers and four steel layers 

are used in the thickness direction. 

The selected time step is approximately 1/100 of the elastic fundamental period 

this is nearly 0.0005 second.  

 The dynamic response for different tension stiffening models ( for cracking 

strains 0,00015 and 0.0002) are shown in Figs.(12-13). Numerical results are in good 

agreement with reference
[5,11,17]

. 

CONCLUSIONS 

A finite element technique has been used successfully for the nonlinear dynamic 

analysis of reinforced concrete slabs. No locking was observed in the results due to 

adopting the 8-node Serendipity element with reduced integration.  

An good agreement is found between the present results and other source 

results throughout the entire structural response. This demonstrates the effectiveness of 

the proposed element and the solution procedure.  

Model(2) gives lower deflection and less amplitude compared to other models. 

The difference in the central displacement for different tension stiffening models is 

due to difference post-cracking energy from the different models. 
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Table( 1) Material properties for simply supported R.C. beam of example(1) 

Ec 

MPa 

  
fc' 

MPa 
u  

cracking strain   

N.sec
2

/mm
4

 

Es 

MPa 

fy 

MPa 

28000 0.2 35.0 0.0035 0.00015 & 0.0002 0.245E-8 200000 460 

 

Table( 2) Material properties for clamped R.C. circular slab of example(2) 

Ec 

MPa 

  
fc' 

MPa 
u  

cracking strain   

N.sec
2

/mm
4

 

Es 

MPa 

fy 

MPa 

280000 0.2 35.0 0.0035 0.00015 & 0.0002 0.245E-8 210000 460 

 

 

 

 

 

 

 

 

 

 

 Fig. (1) Loading and unloading behavior of cracked concrete 

illustrating tension stiffening behavior
[14]

. 
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Figure(2) Tension softening (parabolic model), model 2. 

 

 

 

 

 

 

 

 

 

 

 

Figure(3) Tension stiffening for model (3) 

 

 

 

 

 

 

 

 

                      Figure(4) Splitting crack effect on tension stiffening model (4) 
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Figure (5) Tension stiffening for model (5). 
 

Figure(7) Finite element mesh for example (1). 
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Figure(6) Loading and geometry of clamped reinforced concrete slab. 
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Figure (10) Geometry and Load-time history for example (2) 

Figure (11 ) Finite element mesh for example(2). 
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THE TRANSITION TO A PG GRADING SYSTEM FOR ASPHALT 

CEMENT IN IRAQ 
 

Prof. Hamed M. H. Alani, (Civil Eng. Dept.) / Baghdad Univ. 
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Alaa S. Abbas, (Highway and Transportation Eng. Dept.) / Al-Mustansiriya Univ. 

 

ABSTRACT 

In Iraq, as well as many other developing countries the performance graded (PG) based System is 

not yet implemented to evaluate the currently used asphalt cements for paving works. It appears that 

not only the unavailability of test equipments is resulting in this delay but also the lack of clear 

understanding of what steps could be taken to incorporate this system. This research is an attempt to 

highlight the important aspects of a (PG) system that can be readily implemented without the need for 

expensive equipments.  It includes the development of a Performance based System employing the 

conventional test methods and available nomographs from literature. It also, shows how climatic data, 

traffic data, and asphalt binder properties can be combined to propose a possible major improvement 

for the specifications of asphalts in Iraq.   

To achieve the objective of this research, an extensive air temperature data for a period of 18 

years was reviewed for five cities  (Mosul, Kirkuk, Rutba, Baghdad, and Basrah) to establish the 

required PG asphalt binder for each city. Also, the currently used asphalt cements with penetration 

grades (40-50) and (60-70) were tested by both of conventional test methods and Superpave methods to 

determine the equivalent performance grade for each type of the penetration graded asphalt and to 

evaluate the capability for these two types of asphalt cement to satisfy the required performance of 

pavement for each city.        

The results indicate that both the new proposed method and Superpave method give the same 

final performance grade, The asphalt with penetration grade 40-50 is equivalent to PG70-16 while that 

with penetration grade 60-70 is equivalent to PG64-16. 

 

KEY WORDS: Asphalt cement, Superpave, Performance grade.  

 

 الخلاصه

. ٌتمييُ الاسفٍت اٌّستتدرَ فتي ااّتاي اٌتبٍتيظ ٌ ايتة الاْ( PG)في اٌعصاق وفي وثيص ِٓ اٌروي إٌاِية ٌُ يطبك ٔظاَ ترشج الاذاء 

ا في هسا اٌتاخيص بً إٌمص فتي فمتُ اٌدطت ال اٌتتي يدتت اْ ت ختس ٌتطبيتك اٌفمتصال اٌدا تة بمتس" ٌمر تبيٓ اْ اٌىٍفة ٌُ تىٓ وحرها سببا

في هسا اٌبحث تُ اٌماء اٌض ء اٍى الالساَ اٌّمّتة اٌدا تة بٕظتاَ تترشج الاذاء واٌتتي يّىتٓ تطبيممتا ذوْ اٌحاختة اٌتى اٌّعترال . إٌظاَ 

ٌمر بيٓ اٌبحث ويفية استدراَ ٔتتاجح هتسٖ اٌفح  تال . اٌّىٍفة اٌثّٓ وزٌه آ طصيك استدراَ اٌطصق اٌتمٍيرية ٌفحص الاسفٍت في اٌعصاق

وبتتيٓ ويتتك يّىتتٓ ٌٍبيأتتال (  nomograph)اٍتتى ِدططتتال بيأيتتة " ص ِباشتتصل ٌتدّتتيٓ اٌد تتاجص اٌّتعٍمتتة بتتالاذاء بٕتتاءابطصيمتتة  يتت

اٌدا ة باٌطمس واٌبيأال اٌّصوية واٌد اجص اٌصي ٌ خية او خ اجص اٌفشً اٌتي اشتمت ِٓ اٌّدططال اٌبيأية اْ تشتصن فيّا بيٕما 
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ٌتحميتك اٌمترم ِتٓ اٌبحتث تتُ ِصاخعتة بيأتال الأت اء اٌد يتة اٌعصاليتة وخّت  اٌّعٍ ِتال .عتصاقلالتصاذ تط يص ٌّ ا فة الاسفٍت في اٌ

اٍتى ٔظتاَ " وبٕتاءا( ِ  تً  وصوت ن  شطبتة  ب تراذ  واٌب تصل)سٕة وٌدّسة ِرْ اصاليتة  81اٌّتعٍمة برشخة حصاشل اٌد  خلاي فتصل 

وتتسٌه تتتُ فحتتص الاستتفٍت . ٕباط تتترشج الاذاء اٌدتتال بىتتً ِٕطمتتةتتتُ استتتSuperpave) )ت تتٕيك اٌدصستتأة الاستتفٍتية اٌعاٌيتتة اٌدتت ذل  

ٌحستا  تتترشج الاذاء ٌىتً ٔتت    Superpave))باستتدراَ اٌطتتصق اٌتمٍيريتة و طصيمتتة ( 04-04)و ( 04-04)اٌستّٕتي زو ذشختة اختتتصاق 

لتر ااطتت ( Superpaveتصحتة وطصيمتة اٌطصيمة اٌّم) باْ ولا اٌطصيمتيٓ ٌمر بيٕت إٌتاجح .وتمييُ ِرى ِلاجّة هسيٓ إٌ ايٓ ٌىً ِٕطمة

-04)والاستفٍت اٌستّٕتي زو اختتصاق  PG70-16يىتافي تترشج اذاء  (50-40)الياَ ِتّاثٍة ٌترشج الاذاء  الاسفٍت اٌستّٕتي زو اختتصاق 

 .  PG64-16يىافي ترشج اذاء ( 04

 

INTRODUCTION 
          Currently, the local specification for asphalt concrete paving works states two methods for 

asphalt cements grading, either based on viscosity or penetration of original asphalt.  The two methods 

describe the physical properties of asphalt cements at standard test temperatures employing empirical 

means of testing which can not be related to field performance during service life. Another drawback 

of the above grading system is that long-term asphalt aging is not taken into consideration. The tests 

are performed on unaged or “tank” asphalt and on artificially short-term aged asphalt to simulate 

construction aging. No tests are performed to simulate in-service aging, which occurs when the asphalt 

reacts with the oxygen in the atmosphere by oxidation. Also, the current grading systems do not cover 

the temperature extremes that a pavement endures, binders that produce similar results at the 

temperatures used for penetration and viscosity testing may have very different results at other 

temperatures experienced by the pavement.  

        Since 1993, a new system for specifying asphalt materials and mix design have been developed in  

USA and widely used in the world, this system called Superpave (Superior Performing Asphalt 

Pavements). The Superpave performance grading (PG) for binder was developed to address the 

shortcomings of the previous asphalt grading systems. PG is reported using two numbers – the first 

being the average seven-day maximum pavement temperature (in °C) and the second being the 

minimum pavement design temperature likely to be experienced (in °C). Thus, a PG 64-16 is intended 

for use where the average seven-day maximum pavement temperature is 64°C and the expected 

minimum pavement temperature is -16°C. 

The direct implementation of the Superpave approach required a direct measurement of the 

performance-related properties such as complex shear modules (G*) and phase angle (δ). In this 

approach, expensive and complex equipment are required, which is apparently out of reach of many 

pavement researchers and road laboratories  at this time in Iraq as well as many other developing and 

developed countries. The best alternative to address the lack of reliable specification dose not keep the 

traditional testing specifications, but rather implementing components of performance grading that is 

attainable and less expensive.  The concept of indirectly estimated performance-related properties 

based on available nomographs from literature could be used. That is to say, establishing a 

performance-grading framework in which grades are truly selected based on application conditions 

including pavement temperature and traffic. The criteria for accepting bitumen in such PG framework 

could be based on engineering properties which are performance related but derived from simple index 

properties such as penetration, softening point, or viscosity. 

Although, the PG system has been adopted by the ASTM as well as AASHTO since 1999, it’s 

not yet implemented in Iraq to evaluate the currently used asphalt cements for paving works. 

 

REVIEW OF LITERATURE 

At present, there is no attempt existed or presented in the local literature dealing with 

implementation of Superpave performance grading requirements for local asphalt cements, therefore 

the review presented herein is limited to the foreign literatures. 
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According to Superpave requirements, Al-Abdul Wahhab et al. (1997) have evaluated different 

types of asphalt cements produced from the oil refineries in the Arabian Gulf countries. They found 

that the maximum pavement temperatures which can these types of asphalt cements sustain is 64°C 

while the temperature zoning indicated that more than 50 percent of the Gulf countries areas 

experience a maximum pavement temperature of 76°C. Therefore, The researchers suggest to modifiers 

for the asphalt binders in order to meet Gulf countries performance requirements in arid areas.   

Asi (2007) tested the locally produced asphalt in Jordan with penetration grade 60-70. He 

found that the asphalt with this penetration grade is equivalent a performance grade PG64-16. He also 

developed a temperature zoning map for Jordan as shown in Figure (1). It consists of three grade 

zones, PG64-10, PG64-16 and PG70-10. He conducted that the locally produced asphalt can be used 

without the need for modification in all parts of Jordan except Aqaba, Ruwaishied and Ghorsafi. 

 

 
 

Figure (1) Jordan Temperature Zoning for Asphalt Binder (Asi ,2007) 
 

The best alternative to address the lack of reliable specification dose not keep the traditional 

testing specifications, but rather implement components of performance grading that is attainable and 

less expensive.  The concept of indirectly estimated performance- related properties based on available 

nonmograph from literature could be used. The first attempt for using this concept was made by van de 

Ven et al. (2004) in South Africa. They establishing a performance-grading framework in which grades 

are truly selected based on “application conditions” including pavement temperature and traffic. While 

the criteria for accepting bitumen in such PG framework could be based on engineering properties 

which are performance related but derived from simple index properties such as penetration, softening 

point or viscosity. Finally, the second attempt was made by Bahia and Vivanco (2005). They applied 

this concept to formulate PG specification in Chile.   

 

 

THE BASIC PRINCIPLES OF PERFORMANCE GRADING SYSTEM  
Performance grading could be defined as “a system in which fundamental mechanical properties 

that are related to pavement performance are used to select binders to minimize critical failures at 

critical conditions of pavement temperatures and traffic characteristics.” The fundamental properties 

could be measured directly, but if not possible, could be derived numerically. The three basic elements 

for a performance grading system could therefore be listed as follows: 
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 It should be based on bitumen specific constitutive models. In others words, models describing 

stress-strain relationship under loading conditions experience in the field and that leads to 

failures. 

 

 

 It should include the pavements` conditions as defined by temperature, traffic speed and traffic 

volume. It should also consider pavement structure in the sense that stresses and strains used in 

testing are within realistic ranges seen in pavements. 

 It should include acceptance limits derived from experience and documented field performance 

to reduce, if not eliminate, initiating and progression of damage due to thermal or mechanical 

loading. 

To achieve the first element, without direct measurements, it is necessary to define the model that 

can be used for getting the bitumen constitutive relationships based on Penetration and Softening Point. 

One of the well known alternatives is the Van der Poel nomograph (1954), (Figure 2), in which the 

creep stiffness can be estimated for a wide temperature range and loading times using Penetration 

Index (PI) which can be calculated by using the following equation: 

 

PI=20-500A/ (1+50A)                                                    equ. (1) 

Where: 

PI = Penetration Index 

A = Slop of the straight line plot between the logarithm of penetration and temperature, or 

A=log (pen at 25
0
C) – log 800 / (25- TR&B)                  equ. (2) 

Where: 

 TR&B = Ring and Ball softening point in 
0
C 

 

 Although the nomograph is empirically derived, it is based on measuring the fundamental 

properties of a very large number of asphalts. In addition to the creep stiffness, failure properties are 

required. To estimate fatigue properties, a nomograph published by Shell (1978), (Figure 3), for 

estimating the fatigue life of mixtures from PI of bitumen and mixture stiffness, can be used. To 

control brittleness of asphalt binders at minimum pavement temperature, the elongation at break 

estimated from chart developed by Heukelom (1973), (Figure 4), can be used. These three nomographs 

are numerical tools that can be used as initial substitutes to the dynamic shear rheometer, the bending 

beam rheometer, and the direct tension test, which are the main devices in the Superpave system and 

that are out of reach of many pavement technologists around the world. 
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Figure (2) Creep Stiffness Nomograph (Van der Poel, 1954) 

 

 
 

Figure (3) Nomograph for Stiffness Modulus of Mixes (Shell, 1978) 
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Figure (4) Estimating Elongation at Break (Heukelom, 1973) 

 

To achieve the second element of performance grading system, the distribution of pavement 

temperature in various climatic conditions is necessary. These include the maximum and the minimum 

pavement design temperature, which can be based on weather data available from Iraqi Metrological 

Organization. These temperatures can be used to define the Performance Grades required for various 

regions in the country. 
 

          The air temperature data from the Iraqi Metrological Organization used in this research cover 18 

years time period (1985-2002) for five Iraqi cities (Mosul, Kirkuk, Rutba, Baghdad and Basrah). 

Which represent climatically unique regions in Iraq. At each year, the hottest seven-day period is 

identified and the average maximum air temperature for this seven-day period was calculated and then 

based on 18 years a mean and standard deviation are determined. Similarly, the one-day minimum air 

temperature of each year was identified and the mean and standard deviation are calculated. The 

calculated mean and standard deviation for the five regions of Iraq are presented in Table (1) below. 

The latitude value for Mosul, Kirkuk, Rutba, Baghdad, Basrah, is 36.32, 35.47, 33.03, 33.23, 30.57 

respectively (Iraq Metrological Organization, 1989) 
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Table (1) Mean and Standard Deviation for Maximum and Minimum Air Temperature 

 
Region Maximum Air Temperature ◦C Minimum Air Temperature ◦C 

Mean Standard Deviation Mean Standard Deviation 

Mosule 45.149 1.982 -2.5 3.8 

Kirkuk 45.663 1.969 -0.5 5.4 

Rutba 41.6 0.962 -2.6 3.7 

Baghdad 47.5 1.077 -2.8 1.8 

Basrah 48.594 1.103 1.8 1.8 

 

Based on 98 percent reliability, temperatures can be determined based on the standard deviations 

for the high and low air temperature data. From statistics, 98 percent reliability is approximately two 

standard deviations from the mean value. The data presented in Table (2) shows the high and low air 

temperatures for 98 percent reliability level for the five regions of Iraq.  

 

Table (2) High and Low Air Temperature for 98% Reliability level 

Region High Air Temperature 0C Low Air Temperature 0C 

Mosul 49 - 11 

Kirkuk 50 - 12 

Rutba 43 - 11 

Baghdad 50 - 6 

Basrah 51 - 2 

 

These temperatures converted to pavement temperatures based on 98% reliability level. In 

Superpave, the high pavement design temperature at a depth of 20mm is computed by the following 

equation (SHRP, 1994) 

 

T20mm= 0.9545 [Tair – 0.00618 lat
2
 + 0.2289 lat + 42.2] – 17.78                                                   equ.(3)                                               

Where: 

T20mm = high pavement design temperature at a depth of 20 mm in 
◦
C. 

Tair   = seven- day average high air temperature in 
◦
C. 

lat.  = the geographical latitude of the project in degrees. 

 

The low pavement design temperature simply can be assumed to be the same as the low air 

temperature. This method was originally recommended by SHRP researchers. Table (3) shows the 

maximum and minimum pavement temperature for the regions under consideration. 

 

Table (3) Maximum and Minimum Pavement Temperature 
Region Maximum Pavement Temperature 0C Minimum Pavement Temperature 0C 

Mosul 70 -11 

Kirkuk 70 -12 

Rutba 64 -11 

Baghdad 70 -6 

Basrah 73 -2 

 

The required PG for each city was established based on 6 
0
C increments. Table (4) shows the 

standard grades presented in the SHRP binder specification (Asphalt Institute, 2003). Therefore, based 

on this table and the results obtained from the analysis of pavement temperature, the suggested PG 

grade of asphalt cements for paving works within the five regions of Iraq is as that presented in Figure 

(5). 
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Table (4) Superpave Binder Performance Grades (Asphalt Institute 2003) 

 
 High Temperature 

Grade 

Low Temperature Grade 

PG 46 -34, -40, -46 

PG 52 -10, -16, -22, -28, -34, -40, -46 

PG 58 -16, -22, -28, -34, -40 

PG 64 -10, -16, -22, -28, -34, -40 

PG 70 -10, -16, -22, -28, -34, -40 

PG 76 -10, -16, -22, -28, -34 

PG 82 -10, -16, -22, -28,-34 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5) Temperature Zoning Map for PG Requirement in Iraq 

 

To achieve the third element of a performance grading system, the performance related properties 

should be selected and the acceptable limits of asphalt cement should be defined. To estimate these 

limits, the conventional testing results (penetration and softening point) from previous studies for 

different asphalt types in Iraq can be used, these data are shown in Table (5). The following sections 

explain how the properties and their limits were selected. 
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Table (5) Penetration and Softening Point Data 

 
 Penetration 25 C

0
 Softening point C

0
 Source of Data 

Pen 40/50 

A1 42 51 Albayati, A.H. (2006) 

A2 47 49 Namir,G.A. (2002) 

A3 45 52 Zaid,I. (2006) 

A4 49 48 Abbas, F. (2005) 

A5 47 49 Nahla, Y.A. (2005) 

A6 42 49 Ahlam, K.R. (2007) 

A7 43 54 Hanaa, K. (2004) 

A8 42 51  Alazawy, A.M. (2006) 

A9 43 48.5 Alekaby,K.H. (2005) 

A10 45 52 Alaredi,H.A. (2006) 

Pen 60/70 

B1 66 46.5 Alani, H.M.(1986) 

B2 67 45 Albayati, A.H. (2006) 

B3 67 47 Hanaa, K. (2004) 

B4 69 45 Safar, M.M.(1992) 

B5 62 46 Shakir, S. (1999) 

B6 67 49.5 Taher, M. (1999) 

B7 65 46 Asal, F.N. (2007) 

B8 67 49.5 Magd Aldeen,A. (2003) 

B9 63 45.5 Almudhadi, T.H.(2007) 

B10 67 48.5 Aljumily, M.A. (2007) 

 

 For Workability, The viscosity at 135ºC can be used. In performance specifications, the limits 

should remain the same for all grades since the contractors are expected to use the same heating 

and storage temperatures regardless of the binder source or grade, and regardless of pavement 

conditions. A range of 0.12 – 0.65 Pa.s, can be used which is based on the current specifications 

used in Chile (Bahia and Vivanco ,2005). The range is a better property than the maximum used 

in the current Superpave specifications.  The minimum limit will control drain down and the 

maximum will ensure proper workability. 

 

 For Rutting Resistance, It is proposed to use penetration and softening point to calculate the 

Penetration Index (PI) for the grades used currently in Iraq. The PI values are used for 

calculating the creep Stiffness at speed of traffic normally seen in the field by using the Van der 

Poel nomograph (Figure 2). For a typical speed of 80 km/hr, and a pavement surface layer 

thickness of 20 mm, the loading time is estimated at 0.012 seconds based on Figure (6).                     

To estimate an acceptable specification limit for rutting, the data in Table (5) can be used. The     

values of the PI’s for such asphalts were calculated by using the equation (1), and used to 

estimate creep stiffness values from the Van der Poel nomograph. A loading time of 0.012 

seconds, and the temperature of 64, 70 and 76ºC, which represent local performance grade, 

were used for all these asphalt cements. The results are shown in Table (6). Experience had to 

be used to derive acceptable limits for a PG framework. According to road engineers in Iraq it 

seems that the penetration grade of (40-50) has worked well for moderate traffic volume roads 

in moderate climate. The average results in Table (6) indicate that if the PG76 grade is a 

reasonable performance grade within which these binders should fit, then the estimated average 

stiffness value S(0.012) is >= 9 kPa for the unaged condition.It can therefore be assumed that 

for an asphalt to provide sufficient contribution to rutting resistance, the value of S(0.012), at 

maximum pavement design temperature, should be equal to or greater than 9 kPa. In other 

words, for other grades (PG64 and PG70) this stiffness minimum value should be met at 64 ºC 

and 70ºC respectively.  Based on experience with RTFO aging the increase in G* values ranges 
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between 1.8 and 2.5 times the unaged value (Bahia and Vivanco 2005). As a compromise 

between the high and low range mentioned, aged requirement after RTFO that is 2.5 times the 

unaged condition, which results in a limit for S(0.012) of greater than or equal to 22.5 kPa, 

should be used. This limit is based on the average estimated values that are shown in Table (7). 

 

 
 

Figure (6) Speed-Loading Time Relationship (McLean, 1974) 

 

Table (6) Asphalt Binder Stiffness at High Pavement Temperatures 

 (Original Binders) 

 
 

 

T=76  0C 
 TDIFF 

0C 

PI S (N/M2) 

Pen 40/50 

A1 -25 -1.25 6*103 

A2 -27 -1.477 1*104 

A3 -26 -1.411 9*103 

A4 -26 -1.253 7*103 

A5 -27 -1.563 2*104 

A6 -27 -0.689 1*104 

A7 -22 -0.58 1.2*104 

A8 -25 -1.321 1.3*104 

A9 -27.5 -1.891 7*103 

A10 -24 -0.94 1.1*104 

Average Binder Stiffness 9*103 

Pen 60/70 

B1 -29.5 -1.477 5*103 

B2 -31 -1.89 4*103 

B3 -29 -1.253 8*103 

B4 -31 -1.792 4*103 

B5 -30 -1.751 4.5*103 

B6 -26.5 -0.613 5*103 

B7 -30 -1.648 4*103 

B8 -26.5 -0.613 5*103 

B9 -30.5 -1.87 4*103 

B10 -27.5 -0.87 6*103 

Average Binder Stiffness 4.95*103 

T=64  0C 
  TDIFF 

0C 

PI S (N/M2) 

Pen 40/50 

A1 -13 -1.25 3.5*104 

A2 -15 -1.477 2*104 

A3 -14 -1.411 3.5*104 

A4 -14 -1.253 3*104 

A5 -15 -1.563 2*104 

A6 -15 -1.689 1.9*104 

A7 -10 -0.58 4*104 

A8 -13 -1.321 2.5*104 

A9 -15.5 -1.891 2*104 

A10 -12 -0.94 2*104 

Average Binder Stiffness 2.64*104 

Pen 60/70 

B1 -17.5 -1.477 3*104 

B2 -19 -1.89 2*104 

B3 -17 -1.253 2.5*104 

B4 -19 -1.792 2.5*104 

B5 -18 -1.751 3*104 

B6 -14.5 -0.613 5*104 

B7 -18 -1.648 2.8*104 

B8 -14.5 -0.613 5*104 

B9 -18.5 -1.87 3*104 

B10 -15.5 -0.87 5.5*104 

Average Binder Stiffness 3.4*104 

T=70  0C 
  TDIFF 

0C 

PI S (N/M2) 

Pen 40/50 

A1 -19 -1.25 2*104 

A2 -21 -1.477 1.5*104 

A3 -20 -1.411 1*104 

A4 -20 -1.253 1.5*104 

A5 -21 -1.563 2*104 

A6 -21 -1.689 1.5*104 

A7 -16 -0.58 2.5*104 

A8 -19 -1.321 2*104 

A9 -21.5 -1.891 1*104 

A10 -18 -0.94 2*104 

Average Binder Stiffness 1.67*104 

Pen 60/70 

B1 -23.5 -1.477 2*104 

B2 -25 -1.89 8*103 

B3 -23 -1.253 1*104 

B4 -25 -1.792 5*103 

B5 -24 -1.751 1*104 

B6 -20.5 -0.613 1.5*104 

B7 -24 -1.648 8*103 

B8 -20.5 -0.613 1.5*104 

B9 -24.5 -1.87 5*103 

B10 -21.5 -0.87 1*104 

Average Binder Stiffness 1*104 
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Table (7) Average Results for Asphalt Binder Stiffness at High Pavement Temperatures 

 
 S(kpa) (Time of loading =0.012 sec) 

64( 0C) 70( 0C) 76( 0C) 

Original Aged Original Aged Original Aged 

Pen 40/50 

A1 35 87.5 20 50 6 15 

A2 20 50 15 37.5 10 25 

A3 35 87.5 10 25 9 22.5 

A4 30 75 15 37.5 7 17.5 

A5 20 50 20 50 10 25 

A6 19 47.5 12 30 12 30 

A7 40 100 25 62.5 13 32.5 

A8 25 62.5 20 50 7 17.5 

A9 20 50 10 25 5 12.5 

A10 20 50 20 50 11 27.5 

Average 26.5 66 16.7 41.75 9 22.5 

Pen 60/70 

B1 20 50 20 50 5 12.5 

B2 10 25 8 20 4 10 

B3 20 50 10 25 8 20 

B4 15 37.5 5 12.5 4 10 

B5 20 50 10 25 4.5 11.25 

B6 40 100 15 37.5 5 12.5 

B7 18 45 8 20 4 10 

B8 40 100 15 37.5 5 12.5 

B9 20 50 5 12.5 4 10 

B10 45 112.5 10 25 6 15 

Average 24.8 62 10.6 26.5 4.95 12.37 

 

 

 

 For Fatigue Resistance, To derive binder stiffness limits for fatigue, the nomograph published 

by Shell that shown in Figure(3), for estimating the fatigue life of mixtures from PI of binder 

and mixture stiffness can be used in a back calculation method. It is assumed that in a typical 

pavement structure strain levels of 1.0 * 10 
–4

 mm/mm for stress controlled conditions and     

5.0 * 10 
–4

 mm/mm for strain controlled conditions are acceptable values that could be used. 

Specifying a minimum fatigue life of 1.0 * 10 
6
 cycles, the mixture stiffness required to achieve 

this fatigue life is estimated at 7 * 10 
8
 Pa.  Using PI values and assuming a volume 

concentration of 13% binder in a typical asphalt mixture, the maximum allowable bitumen 

stiffness at 0.012 seconds loading time should be 50000 kPa. In this approximation it was 

assumed that PAV aging results in increasing the softening point by 20ºC for grades tested and 

to insure proper application of this change, the PI value for each binder was increased by 0.75 

points. By using Van der Poel nomograph the values shown in Table (8) could be obtained. 

based on penetration 40-50 and PG76-4 with intermediate grade temperature 40
0
C, a maximum 

limit of 50000 kpa could be also derived for fatigue resistance. 
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Table (8) Asphalt Binder Stiffness at Intermediate Pavement Temperatures 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T=28 0C 

 TDIFF 0C PI S (N/M2) 

Pen 40/50 

A1 43 -0.5 9*107 

A2 41 -0.727 9*107 

A3 42 -0.661 1*108 

A4 42 -0.503 7*107 

A5 41 -0.813 1*108 

A6 41 -0.939 1.2*108 

A7 46 0.17 8*107 

A8 43 -0.517 9*107 

A9 40.5 -1.14 1*108 

A10 44 -0.19 6*107 

Average Binder Stiffness 9*107 

Pen 60/70 

B1 35.5 -0.727 7*107 

B2 34 -1.14 6*107 

B3 36 -0.503 5*107 

B4 34 -1.042 5*107 

B5 35 -1.00 5.5*107 

B6 38.5 0.137 4.8*107 

B7 35 -0.898 3*107 

B8 38.5 0.137 4.8*107 

B9 34.5 -1.12 8*107 

B10 37.5 -0.12 5*107 

Average Binder Stiffness 5.4*107 

T=31 0C 

 TDIFF 0C PI S (N/M2) 

Pen 40/50 

A1 40 -0.5 1.3*108 

A2 38 -0.727 1*108 

A3 39 -0.661 9 *107 

A4 39 -0.503 7*107 

A5 38 -0.813 1*108 

A6 38 -0.939 1.2*108 

A7 43 0.17 2*107 

A8 40 -0.517 5*107 

A9 37.5 -1.14 5*107 

A10 41 -0.19 4*107 

Average Binder Stiffness 7.7*107 

Pen 60/70 

B1 35.5 -0.727 4*107 

B2 34 -1.14 4*107 

B3 36 -0.503 4.5*107 

B4 34 -1.042 5*107 

B5 35 -1.00 5.8*107 

B6 38.5 0.137 4.5*107 

B7 35 -0.898 5.5*107 

B8 38.5 0.137 4.5*107 

B9 34.5 -1.12 6*107 

B10 37.5 -0.12 3*107 

Average Binder Stiffness 4.68*107 

T=40 0C 

 TDIFF 0C PI S (N/M2) 

Pen 40/50 

A1 31 -0.5 5*107 

A2 29 -0.727 4*107 

A3 30 -0.661 5.5*107 

A4 30 -0.503 4*107 

A5 29 -0.813 5*107 

A6 29 -0.939 6*107 

A7 34 0.17 5*107 

A8 31 -0.517 5.5*107 

A9 28.5 -1.14 6*107 

A10 32 -0.19 4*107 

Average Binder Stiffness 5*107 

Pen 60/70 

B1 26.5 -0.727 1*107 

B2 25 -1.14 1.5*107 

B3 27 -0.503 1*107 

B4 25 -1.042 2*107 

B5 26 -1.00 1.8*107 

B6 29.5 0.137 1*107 

B7 26 -0.898 1.9*107 

B8 29.5 0.137 1*107 

B9 25.5 -1.12 1.8*107 

B10 28.5 -0.12 1*107 

Average Binder Stiffness 1.4*107 

T=34 0C 

 TDIFF 0C PI S (N/M2) 

Pen 40/50 

A1 37 -0.5 7*107 

A2 35 -0.727 6*107 

A3 36 -0.661 12*107 

A4 36 -0.503 6*107 

A5 35 -0.813 7.5*107 

A6 35 -0.939 7.5*107 

A7 40 0.17 7*107 

A8 37 -0.517 5*107 

A9 34,5 -1.14 1*108 

A10 38 -0.19 5*107 

Average Binder Stiffness 6.4*107 

Pen 60/70 

B1 32.5 -0.727 4*107 

B2 31 -1.14 5*107 

B3 33 -0.503 5*107 

B4 31 -1.042 5*107 

B5 32 -1.00 4.5*107 

B6 35.5 0.137 3*107 

B7 32 -0.898 4*107 

B8 35.5 0.137 3*107 

B9 31.5 -1.12 2.5*107 

B10 34.5 -0.12 2.3*107 

Average Binder Stiffness 3.8*107 
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 or Thermal Resistance, The main approach used in Superpave specification is followed for 

this type of pavement failure. The stiffness at 60 seconds loading time, at temperatures 10ºC 

higher than the minimum grade temperature, was estimated for both penetration grades (40-50) 

and (60-70). The shift in temperature is used to offset the effect of short loading time of 60 

seconds compared to the loading time of a cooling cycle in the field, as used in the Superpave 

specifications. Also, the logarithmic creep rate (m (60)) should also be controlled. Table (9) 

shows the creep stiffness (S (60)) and creep rate (m (60)) at 6 ºC, 0 ºC and -6 ºC respectively. 

Using the properties of the penetration (60-70) and assuming that the bitumens of this grade 

performed well in cold climates in Iraq, the limits of S(60)=347000 kpa and m(60)=0.349 could 

be derived.  Similar to the fatigue requirement the effect of long-term aging was considered by 

increasing the softening point by 20 ºC and PI increased by 0.75. To control brittleness of 

bitumen at minimum pavement temperature, the elongation at break (λ) from nomograph 

developed by Heukelom (shown in Figure (4)) could be used. The minimum strain at break 

should be more than 0.02 estimated by using a 60 second loading time and softening point of 

the PAV aged material (increasing softening point by 20 ºC and PI increased by 0.75).  

 

 

 

Table (9) Asphalt Binder Stiffness at Low Pavement Temperatures 
T= 6 0C 

 TDIFF ( 
0C) PI S(N/M2) 

(t=30sec) 

S(N/M2) 

(t=60sec) 

m 

(60sec) 

 

λ 

(60sec) 

 

Pen 40/50 

A1 65 -0.5 8*107 6*107 0.415 0.059 

A2 63 0.727 9*107 7*107 0.362 0.4 

A3 64 -0.661 1*108 7*107 0.514 0.1 

A4 64 -0.503 9*107 6*107 0.584 0.1 

A5 63 -0.813 1.5*108 1*108 0.584 0.42 

A6 63 -0.939 1.5*108 1.2*108 0.323 0.43 

A7 68 0.17 9*108 6*107 0.584 0.1 

A8 65 -0.517 9*107 7*107 0.584 0.05 

A9 62.5 -1.141 1*108 7*107 0.514 0.02 

A10 66 -0.19 7*107 5*107 0.485 0.1 

Average 7.3*107 0.494 0.177 

Pen 60/70 

B1 60.5 -0.727 6*107 4*107 0.585 0.1 

B2 59 -1.14 6*107 5*107 0.678 0.15 

B3 61 -0.503 5*107 3.5*109 0.514 0.18 

B4 59 -1.042 6*107 4.5*107 0.415 0.2 

B5 60 -1.00 8*107 6*107 0.415 0.2 

B6 63.5 0.137 5*107 3.5*107 0.514 0.15 

B7 60 -0.898 6*107 4*107 0.585 0.1 

B8 63.5 0.137 5*107 3.5*107 0.514 0.15 

B9 59.5 -1.12 6*107 5*107 0.687 0.21 

B10 62.5 -0.12 2.7*107 2*107 0.432 0.1 

Average 4.1*107 0.533 0.154 

Table (9) Continued 
T= 0 0C 

 TDIFF(
0C) PI S(N/M2) 

(t=30sec) 
S(N/M2) 
(t=60sec) 

m 
(60sec) 

 

λ 
(60sec) 

 

Pen 40/50 

A1 71 -0.5 2*108 1.5*108 0.415 0.04 

A2 69 0.727 3*108 2*108 0.321 0.22 
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A3 70 -0.661 3*108 2*108 0.321 0.1 

A4 70 -0.503 2*108 1.5*108 0.415 0.1 

A5 69 -0.813 3*108 2*108 0.585 0.2 

A6 69 -0.939 4.2*108 3*108 0.585 0.2 

A7 74 0.17 1.5*108 1.3*108 0.206 0.05 

A8 71 -0.517 2*108 1.5*108 0.415 0.04 

A9 68.5 -1.141 3*108 2*108 0.585 0.03 

A10 72 -0.19 1.5*108 1*108 0.585 0.05 

Average  1.78*108 0.443 0.103 

Pen 60/70 

B1 66.5 -0.727 1.5*108 1*108 0.585 0.05 

B2 65 -1.14 2*108 1.5*108 0.415 0.01 

B3 67 -0.503 1*109 8*107 0.321 0.05 

B4 65 -1.042 1.6*108 1*108 0.678 0.05 

B5 66 -1.00 1.5*108 1*108 0.585 0.049 

B6 69.5 0.137 9*107 7*107 0.362 0.075 

B7 66 -0.898 1.4*108 1*108 0.485 0.048 

B8 69.5 0.137 1.5*108 1*108 0.585 0.075 

B9 65.5 -1.12 2.5*108 1.8*108 0.437 0.05 

B10 68.5 -0.12 8.5*108 6*107 0.502 0.1 

Average 1.04*108 0.495 0.0557 

 

T= - 6
  0

C 

 TDIFF 

( 0C) 

PI S(N/M2) 

(t=30sec) 

S(N/M2) 

(t=60sec) 

m 

(60sec) 

 

λ 

(60sec) 

 

Pen 40/50 

A1 77 -0.5 3.5*108 3*108 0.222 0.01 

A2 75 0.727 6*108 5*108 0.263 0.048 

A3 76 -0.661 7.5*108 5*108 0.585 0.015 

A4 76 -0.503 4*108 3*108 0.415 0.015 

A5 75 -0.813 8*108 6*108 0.415 0.049 

A6 75 -0.939 8*108 6*108 0.415 0.01 

A7 80 0.17 4*108 2.9*108 0.463 0.02 

A8 77 -0.517 3.8*108 3*108 0.341 0.055 

A9 74.5 -1.141 6*108 5*108 0.263 0.023 

A10 78 -0.19 2.5*108 2*108 0.321 0.059 

Average  4.0*108 0.3703 0.0304 

Pen 60/70 

B1 72.5 -0.727 4.5*108 3.5*108 0.362 0.02 

B2 71 -1.14 3.5*108 3*108 0.285 0.01 

B3 73 -0.503 4*108 3*108 0.533 0.02 

B4 71 -1.042 5.2*108 4*108 0.486 0.012 

B5 72 -1.00 5*108 4*108 0.413 0.05 

B6 75.5 0.137 3*108 2.4*108 0.413 0.023 

B7 72 -0.898 5*108 4.2*108 0.323 0.015 

B8 75.5 0.137 3.5*108 2.8*108 0.413 0.021 

B9 71.5 -1.12 5.5*108 4.4*108 0.413 0.01 

B10 74.5 -0.12 4*108 3.4*108 0.301 0.02 

Average 3.47*108 0.394 0.020 

 

The results of the previous analyses are shown in Table (10). The table shows proposed 

system of performance grades based on the concept of using the index properties to derive engineering 

criteria that are performance related.  
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Table (10) Proposed Performance Grading for Iraq 

 
High Temperature Grade (HT) PG64 PG70 PG76 

Low Temperature Grade (LT) -16 -16 -10 -4 

Performance Related Property Performance Criteria  

For Workability 

Viscosity (pa-s) 0.12- 0.65 135 ºC 

For Rutting Resistance 

Estimated Creep Stiffness (Unaged)@ HT 

(kpa) 

S(0.012)>=9 64 70 76 

Estimated Creep Stiffness 

 (RTFO-Aged) (kpa ) 

S(0.012)>=22.5 64 70 76 

For Fatigue Resistance 

Estimated Creep Stiffness  
(PAV-Aged) ,(kpa ) 

S(0.012)<=50000 28 31 34 40 

For Thermal Cracking Resistance 

Estimated creep stiffness 

 (PAV-Aged), (kpa ) 

S(60)<=347000 -6 -6 0 6 

Estimated Creep Rate  
(PAV-Aged) 

m(60) >= 0.349 -6 -6 0 6 

Elongation at break 

(PAV-Aged) 

λ(60) >=0.02 -6 -6 0 6 

 

 

TESTING LOCAL ASPHALT CEMENT BY CONVENTIONAL METHODS AND 

VERIFICATION OF CONCEPT 

 

Two asphalt types with penetration grade (40-50) and (60-70) are tested using the conventional 

test methods (penetration and softening point). Both asphalt types are obtained from  Daurah refinery, 

south-west of Baghdad. The tests are conducted on asphalt before aging and after aging with the RTFO 

and PAV, the results are shown in Table (11). From this table it appeared  that, the change in the 

softening point is less than the 20 ºC that is assumed previously in the analysis used to develop a PG 

framework.  Since PAV represents only moderate long term aging (5-10 years), it is  considered 

acceptable to continue the increasing of the softening point by 20 ºC to represent long term aging.  As 

for the change in PI, an increase by 0.75 points is assumed.  This table also shows that the change in PI 

value for both asphalt does not appear possible.  Although sample size is small, it appears that it is 

necessary to conduct a laboratory aging procedure that would simulate long term aging.  A test such as 

the PAV could be used.   

Penetration and softening point values before and after aging are used in the nomographs 

mentioned previously to calculate the stiffness values in order to estimate rutting resistance, fatigue 

resistance, and thermal resistance. Table (12) includes the values of the selected parameters used in the 

proposed specification including S(0.012) of the unaged, RTFO-aged asphalts and PAV aged binders. 

The S(60), m(60) and λ(60) of the PAV-aged asphalts. The parameters are shown for both asphalt types 

at various temperatures representing the temperature grades selected for Iraq.  In the last column of 

Table (12), the estimated grades of the binders are listed, which indicate that the asphalt with 

penetration grade 40-50 is equivalent to PG70-16 while that penetration grade 60-70 is equivalent to 

PG64-16. 

In the Table (12) the PAV properties are also estimated using a standard shift of 20 ºC increase 

in softening point of the unaged binders, and a standard increase of 0.75 in the PI values calculated for 

the unaged binders.  This was done to compare the effect of using standard shift versus the measured 

values after PAV aging. The results shown in the table under (Estimated PAV) significant discrepancy 

compared to the values of the measured (Tested PAV). The results confirm that it is required that a 
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long term aging procedure be used in a PG grading system with and without expensive rheology 

equipment.  

Table (11) Conventional Testing Results for Different Performance Stages 

 
 Original Asphalt Short Term Aging 

(RTFO) 

Long Term 

Aging (PAV) 

Difference Between PAV 

and Original Asphalt  

Pen 40-50 

penetration 45 27.45 15 -30 

Softening Point 50.5 55 67 16.5 

Penetration Index( PI) - 1.3 - 1.27 - 0.180 1.12 

Pen 60-70 

penetration 63 40 22 -41 

Softening Point 45.3 49 57 11.5 

Penetration Index( PI) - 1.89 - 1.913 - 1.275 0.615 

 

Table (12) Asphalt Grades According to Proposed Performance Classification System 

 
Rutting Resistance 

 Original RTFO 

pen S(kpa) (Time of loading =0.012sec) S(kpa) (Time of loading =0.012 sec) 

 >=9 kpa >=22.5 kpa 

 58 ºC 64 ºC 70 ºC 76 ºC 58 ºC 64 ºC 70 ºC 76 ºC 

40-50 90 40 20 8 22.5 100 50 20 

60-70 40 10 6 3.8 100 25 15 9.5 

 

Fatigue Resistance 

Tested in PAV 

pen S (kpa)(t=0.012sec) 

 <=50000 kpa 

 25ºC 28ºC 31ºC 34ºC 40ºC 

40-50 71200 58452 40840 24220 20760 

60-70 57900 42000 30450 20722 15530 

 

 Thermal Resistance Grade 

 Tested in PAV 

Pen S (MPa)(t =60 sec) m (60) λ (60)  

 <=347000 >= 0.349 >=0.02  

 6 ºC 0 ºC -6 ºC 6 ºC 0 ºC -6 ºC 6 ºC 0 ºC -6 ºC  

40-50 65 101 295 0.591 0.534 0.552 0.19 0.12 0.04 PG 70-16 

60-70 45 98 290 0.432 0.423 0.452 0.21 0.94 0.085 PG 64-16 
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Table (12) Continued 

Fatigue Resistance 

Estimated  PAV 

pen S (kpa)(t=0.012sec) 

 <=50000 kpa 

 25ºC 28ºC 31ºC 34ºC 40ºC 

40-50 80800 60100 43760 31630 25500 

60-70 67400 49900 36500 26600 18000 

 

 Thermal Resistance Grade 

 Estimated  PAV 

Pen S (MPa)(t =60 sec) m (60) λ (60)  

 <=347000 >= 0.349 >=0.02  

 6 ºC 0 ºC -6 ºC 6 ºC 0 ºC -6 ºC 6 ºC 0 ºC -6 ºC  

40-50 70 120 305 0.585 0.514 0.450 0.1 0.05 0.035 PG 70-16 

60-70 50 110 300 0.447 0.415 0.384 0.15 0.081 0.054 PG 64-16 

 

 

SUPERPAVE PERFORMANCE GRADE (PG) TESTS 

The same two types of asphalt cement with penetration grade (40-50) and (60-70) that have been 

tested conventional methods are also tested using Superpave approach. All Superpave tests have been 

performed in the Ministry of Transportation lab. of Saudi Arabia except the Rotational Viscometer test 

was performed in the University of Baghdad lab. to determine the performance grade for each one. 

These tests are performed according to AASHTO R29-02 "Standard Practice for Grading or Verifying 

the Performance Grade of an Asphalt Binder" on original (unaged binder), Rolling Film Oven aged 

residue (i.e. Rolling Film Oven Test RTFOT) and Pressure Aging Vessel (PAV) residue. While, The 

PG grades of asphalt binder was determined according to AASHTO M320-05 "Standard Specification 

for Performance -Graded Asphalt Binder". The results of Superpave binder tests for asphalt cement 

with penetration grade (40-50) are shown in Table (13) whereas, for asphalt cement with (60-70) 

penetration grade are shown in Table (14). It is obvious from these tables that the asphalt with 

penetration (40-50) is equivalent to PG70-16 while asphalt with penetration (60-70) is equivalent to 

PG64-16.  
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Table (13) Summary of Superpave Binder Test Results for Penetration (40-50) 
Asphalt Parameters Specification 

M320 (AASHTO,2007) 

Temperature 

Measured 

Measured 

Parameters 

Pass/ Fail 

 

 

Original 

Flash Point Temperature 230 °C, min. - 320 °C Pass 

Viscosity at  

135 °C 

3 pa.s, max. - 0.516 pa.s Pass 

 
DSR, G*/sinδ at  

10 rad/s 

 

 
1.00 Kpa, min. 

58 4.2361 Kpa Pass 

G*=4.2320 δ=87.5 

64 2.0113 Kpa Pass 

G*=2.0108 δ=88.8 

70 1.0619 Kpa Pass 

G*=1.0617 δ=89.2 

76 0.5604 Kpa Fail 

G*=0.5603 δ=89.7 

 

RTFO 

Aged 

Mass Loss 1%, max. - 0.446  Pass 

 

DSR, G*/sinδ at  

10 rad/s 

 

2.2 Kpa, min. 
58 9.6342 Kpa Pass 

G*=9.6118 δ=86.1 

64 4.9117 Kpa Pass 

G*=4.9062 δ=87.3 

70 2.2655 Kpa Pass 

G*=2.2646 δ=88.4 

76 1.4025 Kpa Fail 

G*=1.4023 δ=89.3 

PAV 
Aged 

DSR, G*sinδ at  
10 rad/s 

5000 Kpa, max. 31 4270 Kpa Pass 

G*=3548.3 δ=56.2 

BBR, Creep Stiffness 300 Mpa, max. -6 211.0Mpa Pass 

BBR, m- value 0.3, min. -6 0.334 Pass 

 

Table (14) Summary of Superpave Binder Test Results for Penetration (60-70) 

Asphalt Parameters Specification 

M320 (AASHTO,2007) 

Temperature 

Measured 

Measured 

Parameters 

Pass/ Fail 

 

 

Original 

Flash Point 

Temperature 

230 °C, min. - 310 °C Pass 

Viscosity at  

135 °C 

3 pa.s, max. - 0.400 pa.s Pass 

 

DSR, G*/sinδ at 

 10 rad/s 
 

 

1.00 Kpa, min. 
58 2.1516 Kpa Pass 

G*=2.1506 δ=88.3 

64 1.0603 Kpa Pass 

G*=1.0601 δ=89.0 

70 0.5286 Kpa Fail 

G*=0.5285 δ=89.5 

76 0.2566 Kpa Fail 

G*=0.2565 δ=89.9 

 

RTFO 

Aged 

Mass Loss 1%, max. - 0.540  Pass 

 

DSR, G*/sinδ at 
 10 rad/s 

 

2.2 Kpa, min. 

58 5.3793 Kpa Pass 

G*=5.3741 δ=87.5 

64 2.2066 Kpa Pass 

G*=2.2056 δ=88.3 

70 1.3479 Kpa Fail 

G*=1.3474 δ=88.5 

76 0.6535 Kpa Fail 

G*=0.6534 δ=89.2 

PAV 

Aged 

DSR, G*sinδ at  

10 rad/s 

5000 Kpa, max. 28 3100 Kpa Pass 

G*=2560.9 δ=55.7 

BBR, Creep Stiffness 300 Mpa, max. -6 103 Mpa Pass 

BBR, m- value 0.3, min. -6 0.373 Pass 

 

COMPARISON OF MEASURED AND ESTIMATED PROPERTIES 
One of the objectives of this study is to compare the estimated performance related properties 

with the measured Superpave properties in different performance stages, under the same temperature 

and loading time conditions. The summary of the results are shown in Table (15). It is important to 
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note that the G* values were measured at 10 rad/sec frequency, as required by the Superpave system. 

This corresponds to a loading time of approximately 0.10 second, which is much higher than the 0.012 

second that was chosen for the estimated stiffness values.  Therefore the comparison should not be 

about equivalency but about the obtained final grade for each asphalt cement. The results indicated that 

a low G* value obtained from Superpave tests corresponds to low stiffness value S(0.012) obtained 

from the proposed method. It appears that both methods (proposed and Superpave system) give the 

same performance grade. PG70-16 for asphalt cement with penetration grade (40-50) and PG64-16 for 

asphalt cement with penetration grade (60-70).   

 

Table (15) Modules of Different Performance Stages 
Pen Original RTFO PAV 

 G* 

(KPa) 

S(0.012) 

(KPa) 

G* 

(KPa) 

S(0.012) 

KPa 

G* 

(KPa) 

S(0.012) 

(KPa) 

S 

(MPa) 

S(0.012) 

(MPa) 

40-50 T=70°C T=70°C T=70°C T=70°C T=31°C T=31°C T=-6°C T=-6°C 

1.0617 20 2.2646 50 3548.3 40840 211 295 

60-70 T=64°C T=64°C T=64°C T=64°C T=28°C T=28°C T=-6°C T=-6°C 

1.0601 10 2.2056 25 2560.9 42000 103 209 

 

CONCLUSIONS 

 A temperature zoning map was developed for Iraq based on Superpave criteria. The required 

PG for asphalt binders are: 

 PG70-16 for Mosul and Kirkuk 

 PG64-16 for Rutba 

 PG70-10 for Baghdad 

 PG76-4 for Basrah  

 Both of proposed and Superpave method give the same final performance grade. The Daurah 

asphalt with penetration grade 40-50 is equivalent to PG70-16 while that with penetration grade 

60-70 is equivalent to PG64-16. 

 Asphalt modifier is needed in the south parts of Iraq to modify asphalt stiffness. 

 



H. M. H. Alani                                                                                                   The Transition To A Pg Grading System 

A.H. Albayati                                                                                                     For Asphalt Cement In Iraq 

A.S. Abbas 

 

 5930 

REFERENCES  

 AASHTO, (2007), "Standard Specifications for Transportation Materials and Methods of 

Sampling and Testing", 5
th

 edition, American Association of State Highway and Transportation 

Officials, Washington, D.C., USA. 

 Abbas, F., (2006), "Evaluation of Contributory Factors Influencing Permanent Deformation of 

Asphalt Paving Materials”, M.Sc. Thesis, Al-Mustansiriya University. 

 Al-Abdul Wahhab, H.I., Al-Dubabe, I.A., Asi, I.M., and Ali, M.F.,(1998), "Performance Based 

Characterization of Arab Asphalt", journal of building and environment, Kingdom of Saudi 

Arabia, Vol.33, PP375-383.  

 Alani, H.M., (1986), "Temperature Susceptibility of Paving Grade Asphalt Cements" 

Engineering and Technology, Scientific Journal Published by University of Technology, 

Baghdad, Vol.4, No.2. 

 Alaredi, H.A., (2006), "Reduction of Reflection Cracks in Overlay of Rigid Pavements" M.Sc. 

Thesis, Al-Mustansiriya University. 

 Alazawy, N.M., (2006),"Comparative Evaluation for the Performance of Paving Materials by 

Using Marshall and Superpave Compaction Methods" M.Sc. Thesis, Al-Mustansiriya 

University. 

 Albayati, A.H., (2006),"Permanent Deformation Prediction of Asphalt Concrete Under 

Repeated Loading" Ph.D. Thesis, Baghdad University. 

 Alekaby, K.H.., (2005)," The Frictional Properties as a Design Control of Pavement Surface 

Mixtures" M.Sc. Thesis, Baghdad University. 

 Aljumily, M.A., (2007), "Influence of Aging on Performance of Asphalt Paving Materials" 

Ph.D. Thesis, Baghdad University. 

 Almudhadi, T.H., (2007), "Some Requirements to Control Reflective Cracking of Overlay 

Asphalt Pavement" Ph.D. Thesis, Baghdad University. 

 Asal, F.N., (2007), "Fatigue Behavior of Flexible and Rigid Pavements under Cyclic Loads", 

Ph.D. Thesis, Baghdad University. 

 Asi, I.M., (2007), "Performance Evaluation of SUPERPAVE and Marshall Asphalt Mix 

Designs to Suite Jordan Climatic and Traffic Conditions", journal of construction and building 

materials, Vol.21, PP.1732-1740. 

 Asphalt Institute, (2003), "Performance Graded Asphalt Binder Specification and Testing", 

Manual Series No.1, (SP-1),Asphalt Institute, Lexington, Kentucky. 

 Bahia H.I. and Vivanco J., (2005), "The Transition to a PG Grading System for Asphalt Binders 

in Developing Countries", University of Wisconsin, Madison. 

 Hanaa, K., (2004), "Minimizing Reflective Cracking Potential of Asphalt Concrete Overlay", 

M.Sc. Thesis, AL-Mustansiriya University. 

 Heukelom, W., (1973), "An Improved Method of Characterizing Asphaltic Bitumens with the 

Aid of Their Mechanical Properties", Proceedings of the Association of Asphalt Paving 

Technologists, USA, Vol.42, pp 67-98. 
 Iraq Metrological Organization, (1989), "Climatic Atlas of Iraq 1951-1980", Baghdad, Republic of Iraq. 

 Magd Aldeen, A. (2003), "Evaluation of The Factors Influencing The Tensile Properties of 

Asphalt Paving Materials", M.Sc. Thesis, Baghdad University. 

 McLean, D.B., (1974), "Permanent Deformation Characteristics of Asphalt Concrete", Ph.D. 

Dissertation, University of California, Berkeley. 

 Nahla, Y.A., (2005), "Prediction Model of Rutting Potential in Flexible Pavements.", Ph.D. 

Thesis, Baghdad University. 



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 5931 

 Namir, G.A., (2002), "The Development of Models for the Prediction of Thermal Cracking in 

Flexible Pavements." Ph.D. Thesis, Baghdad University. 

 Safar, M.M., (1992), "Influence of Temperature on Performance of Paving Materials.", M.Sc. 

Thesis, Baghdad University. 

 Shakir, S., (1999), "Contributory Factors Related to Rutting of Local Asphalt Pavements." 

M.Sc. Thesis, Baghdad University. 

 Shell, (1978), "Shell Pavement Design Manual –Asphalt Pavement and Overlays for Road 

Traffic", Shell International Petroleum, London. 

 SHRP, (1994), "The Superpave Mix Design Manual for New Construction and Overlays", 

Strategic Highway Research Program Report No.SHRP-A-407, National Research Council, 

Washington, D.C..USA. 

 Taher, M.H., (1999), "Influence of Accelerated Weathering of Asphalt Cement on Performance 

of Paving Materials." M.Sc. Thesis, Baghdad University. 

 Van der Poel, (1954), "A General System Describing the Viscoelastic Properties of Bitumens 

and Its Relation to Routine Test Data", Journal of Applied Chemistry, Vol.4. 

 Van de Van, M.F.C., Jenkines, K.J, and Bahia, H.U., (2004),"concepts used for development of 

bitumen specifications" Proceedings of the 8
th

  Conference on Asphalt Pavements for Southern 

Africa. 

 Zaid, I., (2006), "Superpave Mineral Aggregate Properties as Related to Moisture Sensitivity of 

Paving Mixtures" M.Sc. Thesis, Baghdad University. 

 



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 

 2995 

 

 

 

 

 

 

COLORING OF GRAY-SCALE IMAGE USING FPGA 
 

 

 

ABSTRACT 
 The image processing is one from the most powerful fields in the modern DSP 

techniques; also it has wide range of applications this day such as image compression, filtering 

and coloring. However, these processes required to a huge data processing so it has a problem 

under real time or movie. 

The huge data processing under real time requires spatial processing tools such as super 

parallel processing computers or spatial hardware systems. This paper introduces a mechanism 

of coloring gray scale image algorithm through dedicated hardware devices. 

The FPGA devices are used as a more suitable platform for image processing 

applications, special methods of parallelism and pipelining technique can be reconfigured and 

synthesized on FPGA categories. Xilinx series are selected as a platform of coloring algorithm 

by transferring the color property between pair image, source (colored) and target (gray) 

images. 

 The algorithm colorizes each gray scaled pixel by matching chromatic value of it with 

each pixel of colored image and synthesis it on the Xilinx FPGA devices using VHDL 

synthesizer tool. Many computational and process manners of this scheme are presented of 8-

bit precision for each pixel of pair image. 

 Finally, testing and performance of this technique obtained on ISE 4.1i software 

implementation and comparing results with other simulator results. 

 

 الوسخخلص

 
لِاا هادٓ  ّالخٖ الإشارة الرقو٘ت الحدٗثت هعالجت الصْر ُٖ ّاحدة هي أغلب الوجالاث الرائعت فٖ حقٌ٘اث هعالجتأى 

هاع كلاغ ُااٍ العول٘ااث حخطلاب . الخرشا٘  ّالخلاْٗي ;هثاالا  للأ كلاغ  الص الصاْر, ّاسع هي الخطب٘قااث فاٖ الْقاج الحا ار

 لالغ حعخبر هشكلت  وي حطب٘قاث السهي الحق٘قٖ ّالأفلام السٌ٘وائ٘تهعالجت ب٘اًاث ّاسعت جدا  

أى هعالجاات الب٘اًاااث الْاسااعت  ااوي حطب٘قاااث الااسهي الحق٘قااٖ حخطلااب أ ّاث هعالجاات ااجاات هثاا  حاسااباث هعالجاات  

سة ك٘ااى ُااا البحاي ٗقادم اْارزه٘ات لخلاْٗي الصاْر الرها ٗات هاي االا  أجِا. هخْازٗت لالٖ أّ هٌظْهاث ك٘اى ها ٕ ااجات

 . ها ٕ هخصصت

ّالخااٖ حسااخخدم  (FPGAs) ح٘ااس البْاباااث الورحااب بِ٘فاات جاالْب قابلاات للبرهجااتأى أجِااسة الك٘اااى الوااا ٕ الوسااواة 

أر ٘ت جدا  هٌاسبت لخطب٘قاث هعالجت الصْر بطرق ااجت هي الخقٌ٘اث الوخْازٗت ّهجوْلت الخقٌ٘اث شبَ الوْازٗت الخٖ ٗوكاي 

Ammar A. Hassan 

University of Baghdad \ College of Engineering \ Department of Computer Engineering 
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الخٖ حن ااخ٘ارُا كأر ا٘ت لخْارزه٘ات الخلاْٗي بْاساطت   Xilinxأى سلسلت (.FPGAs)أجٌاب  إلا ة حشكلِا ّحراك٘بِا للٔ

 .](الرها ٗت)ّالِدب ( هلًْت)الوصدر  [ًق  اللْى الوٌاسب ب٘ي الصْرح٘ي 

الخْارزه٘ت الوقخرحت حقْم بخلْٗي ك  ًقطت رها ٗت بوطابقت ق٘وت اللاْى الخااب بِاا هاع كا  ًقطات بالصاْرة الولًْات  

لاد  هاي الحسااباث (. VHDL)باسخخدام أ ّاث حراك٘ب بللت الك٘اى الوا ٕ الوساواة با  ( FPGAs)اك٘بِا للٔ أجِسة ا  ّحر

 .بج لك  ًقطت لكلا الصْرح٘ي" 8"ّطرق الوعالجت لِاٍ الِ٘كل٘ت ٗخن طرحِا بدقت 

ّهقارًات  (ISE 4.1i) ل٘ا الوسؤ با  أا٘را  ااخبار ألأ اء لِاٍ الخقٌ٘ت حن الحصْ  للِ٘ا هي الا  برًاهج البٌاء ّالخٌ 

 .الٌخائج هع ًخائج هحاكاة أارٓ

KEYWORDS: coloring, Gray-scale, DSP, VHDL, Xilinx, FPGA. 
 

INTRODUCTION 
 Any form of digital image based on main elements called (pixels) and pixels 

characteristic lead to construct the characteristic of image. The acceptable appearance of image 

exceeds with respect to pixels characteristic are difference from image to other according to 

features. Image features selection and representation are largest problem in research of machine 

learning and vision science. 

 The color images have two main features: Luminance (brightness) and chromatic 

(color) channels which are represented in the RGB color space system (Red, Green and Blue). 

By assignment certain value of it leads to have pixel characteristics. 

 In gray scale image each pixel carry up three channels (RGB) equally values which are 

produced one feature (luminance) of image. To produce this feature there are many colors 

adding together in coloring image. Since, color images and gray scale image have important 

properly which is called "luminance". 

 The mechanism of color transfer technique (colorization) has been studies in the movie 

industry since 1975's. Various analogue techniques have been used to accomplish this 

challenging [1]. 

 The fundamental process of transferring color from one image to another is introduced 

by Welsh et. al. [2]. they attempted to provide a method to minimize the amount of human 

labor required for this task by matching luminance and texture information among images 

(color image (Source) and gray scale image (Target)). While, Karthilceyani [3] used Welsh 

idea to enhance his procedure by allowing the user to match areas of the two images using 

rectangular swatches. 

Other works such as YaoLi [1] introduce the fast colorization using edge and gradient 

constrains to reduce the color confusion near the boundary and applying it on movie. Also, 

Bara'a A. Attea [4] applied the technique of evolutionary algorithms (EAs) adding to previous 

ideas, probabilistic search algorithms based on the model of natural evolution, for colorization 

problem. 

This paper interested in digital colorization and related work of digital image processing 

on Field Programmable Gate Array (FPGAs). On FPGAs, there are several researches of image 

processing which can be classified according to hardware topologies and image processing 

algorithm implemented. As in Daggu Ven. [5] that implemented and evaluated of image 

processing algorithm on reconfigurable architecture using C-based HDLs. This algorithm 

applied on Xilinx Virtex-E FPGA platform to speed up of processing approximately '15' times 

faster than the software implementation. 

 Finally, Muthukumar [6] used image processing algorithms (such as edge detection) on 

reconfigurable architecture using handel-C on Xilinx FPGA board. 
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COLORIZATION ALGORITHMS   
This section discusses main topologies of colorization algorithms such as color space 

conversion and pixel selection. Furthermore, it finds a suitable solution to accomplish this task 

on Virtex FPGA board with minimum cost and high performance. 

 

Color Space Conversions  

 To extract specific properties from an image (such as Luminance and colorimetric 

information) this leading to understand color space and color space conversions. 

 A digital color image is a digital image that includes color information for each pixel. 

The RGB color space system is commonly used in computer displays, but it does not have 

enough data to match between pair of image [7]. It is necessary to change RGB space to 

another space system which has more benefit of matching process and this called color space 

conversion.  

 This paper applied YIQ space model because it used in commercial color TV 

broadcasting by mapping function, it can convert RGB to YIQ color space as defined in [7,8]. 

 

 

 

 

 

 

 In YIQ color space; the Y coordinate represents the luminance Y while I and Q 

coordinates represent the chrominance components I and Q respectively.  

 YIQ space is converted to RGB space by inverse matrix transformation [7]. 

 

 

 

 

 

 

Pixel Selection  

 The use of local memory to store pixels already loaded from the picture memory 

provides saving in the number of memory accesses to the picture memory [9]. Therefore; 

search pixels process must be fetched from two different data sources.  

 
 The algorithm of color transferring form source image (color image) to target image 

(gray scale image) is presented by Welsh et al [2]. This mechanism can be achieved by 

following steps: First; converting source and target images from RGB color space in to the YIQ 

space. This color space has been chosen because it promptly provides the luminance value (Y 

channel) which is a crucial datum for our procedure [10]. According to this, compression 

process based on comparison of each pixel of target image with all pixels of source image upon 

luminance value and selects the best value (closer) from source image. Then, color values 

(represent in I & Q channels) of the selected source pixel are transferred to the gray scale pixel 

with remains luminance (Y of target) value. This process will continuous for all target pixels 

until forming new image similar to gray scale image with color information. Finally, retain a 

new image into RGB space to discover the new color appearance of gray scale image. 

 This algorithm required a very high complexity and a very large of multiplication 

numbers or in result it will required to high speed or to parallel processing for real time. 

According this scheme, Virtex FPGAs series are typically suitable to use with intensive 
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computations; especially complex operations because of it provides fasting hardware resources 

comparing with software resources. 

 

HARDWARE  
 This section will discuss the principles of hardware resources, architecture, the 

implementation and the cost calculation. 

 

Hardware Resources 

 The selection is focused on the selected mechanism of the hardware devices as more 

suitable in digital image processing field and properly applied on color transferring task. Virtex 

FPGA is the more suitable for this task because it is based on basic element called logic cell 

(LC) which can be programmed and reprogrammed for any logic function (as a function 

generator for any operation) has four inputs and one output. 

 

Architecture 

 Block diagram of color transfer architecture (coloring of gray scale image) is 

constructed by most efficient method and suitable configuration on FPGA platform as shown in 

figure (1). Main stages of architecture are:- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- External Memory: The function of this block is to store source and target images points 

(pixels) during processing (in "RGB" or "YIQ"). The same unit can be used in a stage because 

the process is sequenced; each stage is distinct from other stage. 

 

- Color System Converting Block: The function of this block is to convert each point of images 

(source and target) from RGB into YIQ system. This block constructs on Virtex FPGA 

platform in pipelining technique (configuration is per each column). 

 

- Matching Block: The function of this block is to match each point of target image with source 

points according to luminance (Y dimension) of target image with luminance (Y dimension) of 

source image and selects chromatic information (I &Q dimensions) from source point to target 

point. This block constructed on the Virtex FPGA platform. 

 

- Inverse Color System Converting Block: The function of this block is to back convert each 

point of images (source and new target) from YIQ into RGB system. This block not needed to 
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construct on Virtex FPGA platform because it can used the same block in the previous stage 

with new coefficient values as shown in figure (1). 

 

FPGA Implementation  

FPGAs have traditionally been configured by hardware engineers using Hardware 

Design Language (HDL) [6]. Adding to this, several attempts have been introduced to use other 

resources of languages and simulation software to implement algorithms on FPGAs. 

  This section describes the methodology of color transfer algorithm on Xilinx FPGA 

device, in other words; number of hardware resources and arithmetic operations of algorithm 

implementation are discussed. 

 As an example, a pair of image (gray and color images) with size of (256 × 256) pixels 

(8-bit / pixel) is demonstrated in details and compared with other sizes.  

The same component of color space conversion will be used in the 1
st
 and 3

rd
 stages, 

then in 1
st
 stage each point of image (source and target) converting from RGB to YIQ system as 

shown in figure (2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Components Cost  

The cost of the system and its parts measured on Virtex FPGA platform arithmetic 

operations are based on basic logic storage called logic cell (LC) formed as a Look-Up-Table 

(LUT) of four inputs one output. 
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Figure (2): Block Diagram of each point in RGB-To-YIQ Converting on FPGA 
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To implemented color system conversion block diagram on Virtex series. For (8 x 1) 

Constant Coefficient Multiplier (KCM) is required to "16" LCs, while (8 x 8) KCM needed to 

"128" LCs as shown in figure (3), while adder block has been implemented as adder technique 

in [11]. This scheme is suitable in both of size and propagation delay. For 8-bit adder, it 

required to "16" LCs at mostly. The total number of LCs for converting RGB-to-YIQ space 

system on Virtex FPGA is:   

 

 

 Where,  

N = Number of KCMs; α = cost of each KCM in Virtex FPGA 

M = Number of Adder; β = cost of each Adder in Virtex FPGA, and δ = cost of 8-bit Buffer in 

Virtex FPGA. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For (8 x 8) KCM, 8-bit Adder and 8-bit buffer the cost of each point for one channel in 

(YIQ) is about "425" LCs for maximum, for three channels is "1275" LCs. 

Using pipeline technique cost of one column is: 

   

 

 

 Where, CC is cost of one column; NP is Number of points per each column and 

YIQCPo int is Cost for one point (for 3-channels) which it's "1275" LCs. According to this 

representation, Cp is equally to "326400" LCs; at mostly for each column contains "256" points. 

Other columns are not required to compute cost but only propagation delay because 

they have been passed sequentially for both source and target images on the same component 

on platform. 

 
Matching Block  

  YIQYIQ MNPo )3(*]*[]*[int )(                             (3) 

YIQPC CPoNC int*                   (4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(8*1) 

KCM 

16 LC 

(8*1) 

KCM 

16 LC 

(8*1) 

KCM 

16 LC 

B0 

B1 

B7 

A0 – A7 

A7 A6- - - A0 B7 B6- - - B0 

(a) (b) 

Figure(3): Constant Coefficient Multiplier: 

(a) As Look-Up Table (LUT) 

                                  (b) As Multi-Blocks  



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 

 2998 

 The matching process based on subtraction and comparing operations (all this process 

based on Y-channel value of each point for source and target images) as shown in figure (4). 

This can be accomplished by subtracted Y-channel value of target point (Yt) from Y-channel of 

all source points in one column (YS). 

 In other words, comparing subtracted values of each subtractor to select smallest 

subtraction value by using comparator in a tree of comparators. This mechanism provides the 

closer source point to target point (with respect to luminance matching). According to this, 

other properties such as chromatic values (I & Q channels) of the selected point of sources 

image resultant from matching process are transferred to the target point of gray-scale image to 

form final image (i.e. replaced I & Q of target point by I & Q of the selected (winner) point 

resultant from tree comparators of source image). In pipeline technique, searching process 

continues for all points in source image with each point of target image. 

Finally, using same component of color system converting block to retain new image which 

resultant from gray image to the color vision image by reversed color space transferring from 

YIQ-to-RGB dimensions and forming final image, this can be achieved without needed to 

present cost  of computation on   Virtex platform; it's one of most benefits  of FPGA properties.  

 To implement matching architecture on Virtex series, it is required to find a mechanism 

to represent it as digital arithmetic operations technique to accomplish in simplification form, 

since a suitable architecture of 8-bit word length shown in figure (4).         

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The main function of matching block is to find the closer point of source image to target 

point and selected the chromatic information from it. This scheme applied by obtaining 

minimum error value of point in target image with each points of source image. From figure (4) 

each point value (Y-channel) of target subtracts from each points of  source image which 

arranged in one column using subtractor component (sub.) and finds minimum subtraction 
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value (winner point) from these subtractors by passing in a tree of comparator & selector 

component (comp & select). 

 Cost of matching block based on cost of (subtractors) and (comparators & selectors) 

components. Cost of 8-bit subtractor is similar to cost of 8-bit adder in previous section as 

demonstrated in [11], while; 8-bit of comparator & selector component based on technical idea 

shown in figure (2). 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Where,                                                                              While 8-bit selector represented 

as a multiplexer (Mux.) which occupied "8" LCs for each Mux in virtex platform, then "24" 

LCs for three selector (8-bit Mux) of 3-channels. Since, cost of 8-bit comp. & select. component 

is equal to approximately "43" LCs and this lead to cost of matching block is:  

 

 

 

 

 Total cost of (8-bit) matching block is approximately equal to "15061" LCs. Finally, system 

cost produced by combining cost of color system converting block with matching block which 

approximated equally to "  953553 " LCs. 

  

                        

Propagation Delay (PD)  

 Propagation delay is the time consuming to achieve a specific task. To compute 

propagation delay of image colorization technique, it is divided into three stages. First stage is 

to convert both color and gray scale images from "RGB" to "YIQ" space system using color 

converting block. Each point in this stage based in idea on KCM and buffer as main 
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components which are required to one clock pulse, while 8-bit adder needed to maximum four 

clock pulses (if dividing to 2-bit adder) [11]. By using Xilinx FPGAs, maximum clock pulse 

330 MHz [data sheet], then maximum propagation delay (PD)Max. required to convert each 

point from "RGB" to "YIQ" space system is about vibrating between (5 - 10) ns without needed 

to storage state and applied pipeline technique. Then, propagation delay of an image is 

depended on the number of columns in the image. As a result, time delay one image to convert 

it from "RGB" to "YIQ" space systems is: 

   

 

 

Since, our example there are "256" columns for each of source and target images. Then, 

(PD)Image ≈ "2.56" μs of each image and for pair image ≈ "5" μs. 

 The same delay required in the third stage when used inverse converting from "YIQ" to 

"RGB" space because of it used same components in stage one with other KCMs value 

according to inverse matrix transformation. 

 Time delay interval of the second stage is based on maximum Propagation Delay 

(PD)Max. of matching block components (Subtractor component and comparator & selector 

component). Since, PD of (8-bit) subtractor is also reach to about four clock pulses (because 

of it constructed by the same technique of (8-bit) adder in the previous stage), While (8-bit) 

comparator & selector component is required maximum three clock pulses in virtex FPGAs 

platform (because of it divided to three parts as shown in figure (5). Then, (PD)Max. is about to 

(10 ns) as demonstrated in later . It become clear, time delay of matching block is: 

 

 

 

Where: (PD)Max. is maximum Propagation Delay; 

[1 + γ] is number of subtractor block & Comp. & Select. Blocks in propagation tree; 

NC is number of columns in source image; NT is number of points in target image  

Since, our example there are "256 *256" points each of source and target images. Then, 

(PD)Matching  equal to "1497.6" μs or ≈ "1.5" s as propagation delay of second stage. 

 

 Finally, propagation delay of the system (PD)System is the total delay of three stages 

which approximately to "  3255.5 " μs. 

 

RESULTS 
 The colorization algorithm of Gray image using color transferred architecture is 

presented and synthesized simulation using software implementation of ModelSim Xilinx 

edition and Integrated Software Environment ISE 4.1i Xilinx. All results are demonstrated in 

reports (such as Routing, Mapping, Number of LCs, propagation Delay (PD) and warring notes 

and compared with software results introduced from Pentium machine using Visual Basic 

(Visual Studio 7.0) program by simply way without any optimization. table (1) includes some 

of importance results that dealing with special hardware resources (time consuming (PD) and 

number of LCs), where it considered in order to present two major parameters in the 

implementation of gray-scaled image colorization on FPGAs. Since; VHDL tool is used in 

software implementation to achieve high performance (minimum area and high speed 

processing; less Propagation Delay) result rather than schematic tool. 

The hardware results of coloring algorithm are compared with it results on simulation 

tool according to Welsh et al [2] without optimization. In presented solution and by exhaustion 

from FPGA resources it can speed up performance and achieved agreeable good image 

outfacing of color transfer algorithm. 

(PD)Image = (PD)Max. * Number of Columns in image                  (6) 

(PD)Matching = (PD)Max. * [1 + γ] * NC * NT                 (7) 
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 3rd column consider in table (1) demonstrate number of Logic cells of the system 

according to ISE 4.1i software results. ISE 4.1i offers integration with Synopsys Inc.’s 

Formality™ and Verplex Systems Inc.’s Conformal™-LEC equivalency checkers, leveraging 

the same technology that was adopted in past years to check highdensity ASICs. In the 

equivalence method of testing, design passes can be checked in “blocks of logic” against a 

previous knowngood version. This can occur at any point in the design cycle, particularly in 

post-synthesis and place-and-route passes. This strategy offers a rapid checking method that is 

proving invaluable to high-density design work For Virtex-II designers moving to 1-million 

gate designs and above [12]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Colored 

image 

Required 

Time 

according to 

[4]  (sec.) 

System Cost_ 

Logic Cells 

(LCs)  

Propagation 

Delay (PD)System 

on Virtex 

FPGAs (sec.) 

(A) 448 144029 0.284 

(B) 235 154973 0.154 

(C) 645 216065 0.251 

(D) 718 212063 0.286 

(E) 715 312893 0.291 

(F) 500 189221 0.314 

(G) 496 224069 0.186 

(H) 312 143489 0.202 

(I) 2726 295682 1.203 

(J) 558 206468 0.342 

(K) 790 208061 0.320 

 

Table 1:  results of Gray scale coloring Images 

 
171 x 108 

(A) 

 
171 x 108 

 
171 x 108 

 
135 x 99 

 
108 x 117 

(B) 

 

(A) 

 
108 x 117 



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 

 2955 

Source Image Target Image Colored Image 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
135 x 162  

135 x 153 

(C) 

 

(A) 

 
135 x 153 

 
144 x 159  

144 x 153 

(D) 

 

(A) 

 
144 x 153 

 
144 x 156  

144 x 156 

(E) 

 

 

 
144 x 156 

 
126 x 96  

192 x 144 

(F) 

 

(A) 

 
192 x 144 



A. A. Hassan                                                                                           Coloring of Gray-Scale image using FPGA 

 

 2959 

Source Image Target Image Colored Image 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

` 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
111 x 168 

 
111 x 168 

 

 
111 x 168 

(G) 

 
144 x 108 

 
144 x 108 

 

 
144 x 108 

(H) 

 
198 x 150  

144 x 108 

 

 
300 x 225 

(I) 

 
153 x 129 

 
159 x 156 

 

 
159 x 156 

(J) 



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 

 2955 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 

 A fast and low hardware componets (number of logic cells) wae presented in this paper 

to solve hardware resources problem of of color transferring technique using FPGA devices.  

 Various different ideas have been combined together to produce low hardware cost and 

high performance scheme by using the flexibility of Virtex FPGA technologies. Pipelining 

technique applied as a main idea to obtain a suitable number of LCs with acceptable PDs. Table 

(1) shows the influence of different sizes of source & target images on hardware cost and time 

consuming in system processing. All images in figure (6) colorized within one second or less 

and the system cost can be implemented on one chip with all blocks of algorithm process. 

Where, maximum number of logic cells presents in image (I) of table (1) because the target 

image size (300 x 225) points is relatively large size for image to be colored although time 

required to do this is about one second and this is fast than it result in [4]. 

 Finally, this chip can be used in more critical and complex applications such as 

colorization of images which have lost some data of information, also in wireless image 

applications and aerial photos according to relationship to chromaticity information (I&Q 

channels) with the luminance value (Y channel) between source & target images. 
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ABSTRACT: 

This paper describes the geotechnical properties of Al-Ammarah soil of Ammarah city in 

Messan Governorate-southern parts of Iraq. Data and other information taken from numbers of 

geotechnical reports that performed under the supervision of Consulting Engineering Bureau of 

Baghdad University. This research is devoted to study the correlation between different physical 

properties such as (LL, PI, LI, n,t, e) with different mechanical properties such as (qu, cc, cs, 

SPT). The correlation is verified using simple regression analysis. From the regression results it was 

found that there is direct correlation between different parameters. By using the correlation-with 

some information- preliminary investigation stages and studies of any structure can be performed to 

find indicative design parameters.  

 : الخلاصة

في هذا البحث تم الاستفادة من  .في محافظة ميسان تم في هذا البحث وصف الخصائص الهندسية لتربة مدينة العمارة 
المتوفرة من التقارير الصادرة من مكتب الأستشارات الهندسية التابع لجامعة بغداد والأستفادة منها في تخمين المعمومات والبيانات 

باستخدام ( qu, cc, cs, SPT)الميكانيكية الخصائص و (  LL, PI, LI, n ,t, e) صائص الفيزيائيةبعض العلاقات بين الخ
يمكن العلاقات  هذه ي منشأ وبأستخداملا الاولي لتصميممرحمة الدراسة والتخطيط واأن هذه العلاقات مهمة في  .التحميل الأحصائي

 .تحريات تربة تفصيميةحاجة لاجراء اعطاء مجموعة من المعاملات الخاصة بالتصميم دون ال

    KEY WORDS: Ammarah city, Liquidity index, Plasticity index, Unconfined 

compressive  

strength, Natural water content, simple regression.  

 

NTRODUCTION: 

Ammarah city is a land which subjected periodically to erosion and accumulated fluctuation of 

the sea. The thickness of sediments that consists of clayey silt to silty clay is about (150-200)m. The 

bearing capacity at shallow depth is ranging from (6-8) ton/m
2
, the area imposes high water table 
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between (1-3)m below nature ground level. In general the area consist of an erratic distribution of 

the layers at shallow depth. This is may be attributed to the nature of the area which can be 

described as a recent sediments (Buringh, 1960). 

This study use geotechnical properties of Ammarah soil from about 40 boreholes taken at 

different locations within Ammarah city as shown in Figure (1). All data was taken from 

geotechnical reports performed by the CEB. Some of these reports and investigations were made by 

or under the supervision of the researchers. Any unusual data and test results have been excluded 

from the analysis. The statistical analysis was made using simple regression analysis using 

Microsoft office software.    

 

GEOLOGY OF MISSAN 

Millions of years ago, Iraq was laying in a large hollow part of  the surface called the Tethgs 

geosyncline. It was submerged by the sea and bordered by plateaus and tablelands. 

The youngest geological process is the sedimentation of fines material of loamy sand, silt and 

clay in the extensive lower Mesopotamia plain, a process which still continuous at present time. 

The surface of the area covered with recent of flood plain deposit by Tigris with some sediments 

came by air as dust during the end of spring and the beginning of summer. The recent sediment is of 

silt clay, and some fine sand. The light minerals consists of carbonate (20% - 30%) quarts, Albite, 

clay minerals as montmorllionite and some gypsum and halite because of arid climate of Al-

Ammarah. 

Because of an advantages geographic position and morphological situation the basin of the 

Mesopotamia plain was most probably subjected to periodically repeating phases of accumulation 

and erosion in accordance with the periodical fluctuations of the sea level caused by the cyclic 

changes during Pleistocene. The thickness of the sediments is about (150-200)m. 

Marine in layers were described at Hammar formations. The formation is composed of sand and 

silts in its lower part and clay in the upper part. The formation is up to 20m thick and is distributed 

south wards from Ammarah as far as Zubair and Nahr Omar (Buringh, 1960) as shown in figure (2). 
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Figure (1) Administrative Map of Al-Ammarah city. 

Figure (2) Geological Map of Iraq 
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PREVIOUS WORK 

In the last decay, many research was performed to correlate the physical properties with the 

mechanical properties. This approach was adopted for the purpose of time saving and reduce cost of 

investigations. This approach was adopted from the earlier researcher  in the filed of soil mechanics 

and foundation engineering. Some of these correlations are listed in Bowles (1996). However, the 

following are some of the present works.  

In (1982) Abdel-Rahman has made correlation between index tests and the engineering 

properties of Egyption clay from different locations along the Nile valley and Delta.  

In (1994) Khamehchiyan and Iwao studied the properties of Ariak soft clay (the most 

problematic soil in Japan). They made intensive study on its geotechnical properties and make a 

correlations between physical and mechanical properties with simple regression and multiple 

regression analysis in spite of the simple regression were enough for estimating. 

Isik Yilmaz (2000) perform another study to evaluate the shear strength of clayey soil by using 

the liquidity index from various locations in Turkey. 

On the other hand; USDA published a data and make a correlation between soil plasticity as 

well as plasticity index and strength parameter (residual strength) (USDA, 2004). 

Al-Busoda (2009) evaluate and correlate between physical and engineering properties of 

Baghdad cohesive soil based on Atterberg limits and unit weight tests. 

GEOTECHNICAL PROPERTIES OF Al-AMMARAH SOIL. 

Physical Properties 

The collected physical and mechanicsl properties of Al-Ammarah silty clay soil is presented in 

Table (1). The plasticity chart is shown in Figure (3); the relation between plasticity index PI, and 

liquid limit LL, is shown in Figure (4). 

            

Soil properties Range 

Physical properties: 

Gs 2.62-2.82 

Void ratio e 0.687-0.998 

Liquid limit 22-62 

Plasticity Index 5-34 

Liquidity Index 0.43-2.78 

Natural water content 10.27-39.2 

Total unit weight (kN/m
3
) 18.29-20.17 

Mechanical properties: 

SPT 3-50 

Unconfined compressive strength 

(kN/m
2
) 

44.0-296.6 

Compression index 0.125-0.458 

Swelling index 0.016-0.043 

 

Table (1) The soil properties of Al-Ammarah soil 
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From these figures it can be seen that all the cohesive soil-according to USCS-at the 

investigated area are clayey soil with low to high plasticity (CH to CL). To compare these results 

with the plasticity chart; Figure (4) was drawn. From this figure it can be seen that the fitting line 

can be described by the following equation:  

 

       PI = 0.536 (LL-0.71)                                                                                                           (1) 

 

While the equation of the A-Line is [PI = 0.73 (LL-10)]  
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Figure (4) Relation between plasticity index and liquid limit. 
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The relation between total density and initial void ration is presented in Figure (5). The 

correlation for this figure can be given by the nonlinear equation with correlation coefficient of 

0.811: 

 t = 30.28 – 21.46 e + 10.17 eo
2
                                                                                    (2) 

    The relation between initial void ratio e and natural water content n is given in Figure (6) 

and can be represented by the following equation with correlation coefficient equals 0.945. 

 e = 0.025 n + 0.078                                                                                                      (3) 

 

         4.2 MECHANICAL PROPERTIES 

The summary of the ranges for mechanical properties of Ammarah city are presented in Table 

(1). Single regression analysis was adopted to obtain the relations between mechanical properties 

and physical properties of Ammarah city.  

 COMPRESSIBILITY 

The variation of swelling index cs with compression index cc is presented in Figure (7) and this 

variation can be represented by the following equation with a correlation coefficient of 0.97. 

cs =0.091 cc                                                                                                                             (4) 

 

Equation (4) satisfies the variation of cs with cc for most clayey soils. Bowles (1996) stated that 

cs=0.05 to 0.10 cc. 

The relation between compression index cc and liquidity index LI, is shown in Figure (8). This 

variation can be described by the following equation with correlation coefficient of 0.61 as. 

 cc = 0.24 LI + 0.21                                                                                                           (5) 

In Figure (9) the relation between compression index and natural water content. This relation 

can be written by the following equation with correlation coefficient of 0.946. 

 cc = 0.0092 n                                                                                                                 (6) 

The relation between swelling index and natural water content is shown in Figure (10) with a 

correlation coefficient of 0.975. 

 cs = 0.00087 n                                                                                                                (7) 

 The relation between compression index and liquid limit as shown in figure (14) with 

coefficient of 0.868, when compared this equation with correlation equation of Terzaghi and Peck 

its found  that the curve run above Terzaghi line.  

     cc = 0.00556 LL                                                                                                                 (8) 

    cc = 0.009 (LL-10) (Terzaghi and Peck)                                                                           (9)  
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Figure (7) Relation between swelling index and compression index. 
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Figure (9) Relation between compression index and natural water content. 
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Figure (10) Relation between swelling index and natural water content. 
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Unconfined Compressive Strength 

 The shear strength of a soil is the internal resistance per unit area that the soil mass can offer 

to resist failure and sliding along any plane inside it. Therefore, the engineer should understand the 

nature of shearing resistance in order to analyze soil stability problems such as bearing capacity, 

slope stability and lateral pressure on earth retaining structures (Das, 2002). 

 The shear strength parameters dependent on type of laboratory test, previous stress history, 

particle packing, grain shape and water table, one of the tests that obtained from it the shear strength 

helping for obtained the bearing capacity that used in design is unconfined compression test. With 

these considerations, from figure (11) the relation between unconfined compressive strength qu and 

liquidity index LI, with correlation coefficient 0.53. 

 qu = 186.3-172.5  LI + 24.2  LI
2
                                                                                  (10) 

The relation between unconfined compressive strength to standard penetration test qu /SPT to 

plasticity index PI, with coefficient of 0.872 as shown in figure (12). 

 qu/SPT = 0.186  PI                                                                                                     (11) 

From figure (13) the relation of qu to standard penetration test SPT with coefficient of 0.898. 

 qu = 4.24 SPT                                                     (12) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (11) Relation between unconfined compressive strength and liquidity index. 
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Figure (13) Relation between unconfined compressive strength 

and standard penetration test. 
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SUMMARY OF THE RESULT 

 From all the correlation that connect between physical and mechanical propreties of 

Ammarah soil, it can be summarized in table (2): 

 

 

 

Parameter Equation R
2
 

Equation 

number 

Figure 

number 

|PI PI = 0.536 (LL-0.71) 0.636 1 4 

t t = 30.28 – 21.46 e + 10.17 eo
2
 0.811 2 5 

e e = 0.025 n + 0.078 0.945 3 6 

cs cs =0.091 cc 0.97 4 7 

cc cc = 0.24 LI + 0.21 0.61 5 8 

cc cc = 0.0092 n 0.946 6 9 

cs cs = 0.00087 n 0.975 7 10 

cc cc = 0.00556 LL 0.868 8 14 

qu qu = 186.3-172.5  LI + 24.2  LI
2
 0.53 10 11 

qu/SPT qu/SPT = 0.186  PI 0.872 11 12 

qu qu = 4.24 SPT 0.898 12 13 

 

CONCLISION 

 The soil of Al-Ammarah city is found to be clayey silt to silty clay with low to high  

plasticity with: 

 For physical properties the equation of (1-3) can be useful and easy to find plasticity 

index, total unit weight and initial void ratio  without using and preliminary test from 

liquid limit, initial void ratio or natural water content.  

 The cost of consolidation test is high in comparison with other tests. So, the equation (4-

8) 

 it’s easy way and power full for estimating the compression index and swelling index. 

 Also, the unconfined compressive test is not always available. So, equation (10-12) 

consider convenient and simple for estimating the compressive strength by knowing 

plasticity index , liquidity index or number of drops. 

 The correlation equation of 4 and equation 8 is considered more convenient, simple and 

easy for estimating swell index and compressibility index. 

 

LIST OF SYMBOLS 

cc = compressibility index. 

cs = swelling index. 

Table (2) Summary of the correlations between physical and 

mechanical properties of Ammarah soil. 



R.M. Al-Kahdaar                                                            Correlations between Physical and Mechanical Properties 

   A. F. I. Al-Ameri                                                             of Al-Ammarah Soil in Messan Governorate 
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e= initial void ratio. 

LI= Liquit index. 

LL= Liquid limit. 

Qu = Unconfined compressive strength. 

R
2  

= Coefficient of determination 

SPT = Standard compressive strength.  

t = Total unit weigth. 

n = natural water content. 
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ABSTRACT: 

      

 This paper aims to develop a program based on a methodology to enable the preparation of design 

according to production requirement. Thus, the appropriate algorithms were developed to evaluate 

the product design according to assembly requirements and also to assess the product design 

according to manufacturing requirements.  

The programs were applied to four case studies, two of them for Design for Assembly 

(DFA) and other two were for Design for Manufacturing (DFM). The study concluded that the 

method gives very good results for (DFA) and results of the studied two cases showed to lower the 

total assembly time, as well as increases the quality of the operation by lowering the probability of 

error expectation. However, results of (DFM) studies cases showed that the proposed program 

needs more development to cover all factors affecting the manufacturing processes. 

The paper concluded that the suggested and developed DFA and DFM programs are a 

valid and beneficial approach; however, more research work is required to establish a complete and 

comprehensive database to match the experience of human experts in the field. Adding such 

database to the developed programs will increase its reliability and applicability.  

 

KEYWORDS: 

 Concurrent Engineering, Design for Assembly, Design for Manufacturing. 
 

 :الخلاصة 
لدد لط يددخات . لكددت و كدد   دد  إلدد ا  الوىدد  يم لمددت اددخا  ويمبدد ت ا نودد ج  ن سددب  إلددت ويددخيا زخاات يدد تالبحددث  اهدد ه  دد ي 

لكدت وسد ن  وىد يم ال ندوج لمدت ادخا  ويمبد ت الزخاات ي ت ال لائ   لكت وقيم وى يم ال نوج لمت اخا  ويمب ت الوج يد  خكد لط 
 .الوىني 

لموىددد يم لتدددا   الآزددداا  نهددد  لموىددد يم لتدددا  الوج يددد  خا ثنددد    اثنددد  ,  ااسدددي حددد  ت  أابددد يبقدددت البددداا ج لمدددت 
وقميد   أظهداتنود ئج جيد ة جد ا لموىد يم لتدا  الوج يد  خنود ئج الحد لوي  ال ااسديوي   أليت اليايق  آ  ال ااس اسونوجت . الوىني 

أظهدددات نوددد ئج الحددد لوي  ,  ددد   لدددط. الزيدددل ال وخ ددد  احو  ليددد لمع ميددد  لددد  يايددد  وقميددد   النخليددد ت ددد  الوج يددد  الكمدددت خكددد لط تيددد  ة 
لكددت يتيددت كدد  ال وتيدداات ال ددؤثاة تددت الع ميدد ت  ويددخيا اكثددا إلددتالباندد  ج ال قودداح يحودد ج  إ ال ااسدديوي  لموىدد يم لتددا  الوىددني  

 . الوىنيعي 
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البحددث لمددت أ  اليايقدد  ال قواحدد  تددت وقيدديم الوىدد يم لتددا  الوج يدد  خالوىدد يم لتددا  الوىددني  ب سددوز ام  لقدد  اسددونوج
خ    لط يويمب ل   بحخث اكثا لكت ياسخ   ل ة بي ند ت خاسدع  خمد  م  وجد ا  , الباا ج ال قواح  خال يخاة  خ وخجه تع   خ في 

اتدد   ددد   عخليوهددد  خ  بميوهددد  لمدددت يسدددخه  ال يدددخاة ي نددد ت  دد   إلدددت البددداا جبال  لددد ة   ثددد  إاددد ت . الزبدداة البمددداي  تدددت  ددد ا ال جدد  
 .الويبي 

INTRODUCTION: 

  

Major changes in product design practices are occurring in all phases of the "new product 

development process". These changes, therefore, will have a significant impact on cost. Hence, 

addressing all product aspects including cost during the design stage will reduce costs [Bedworth, 

D. 91]. This approach is usually referred to as Concurrent Engineering (CE) [Singh, N. 96], which 

is a systematic approach to the integrated, concurrent design of products and their related processes, 

including manufacture and assembly.  

In this paper a methodology is developed as a computer program to enable the preparation 

of product design according to production requirements. Two phase of production tasks were 

selected to be the main objectives in the developed methodology. These are manufacturing and 

assembly  

 

DESIGN FOR ASSEMBLY (DFA): Very often, the most significant benefits with design for 

assembly come by simplifying the product so that it has fewer parts which conclude on easier and 

faster assembly process [Bralla, J. 99].  

 

DESIGN FOR MANUFACTURING (DFM): It is important for the manufacturing engineer to act 

as an advisor to the design engineer in matters of manufacturability because manufacturability 

matters, not only to the production departments but to the design engineer. A product design that is 

functionally superior and at the same time can be produced at minimum cost holds the greatest 

promise of success in the marketplace. Successful careers in design engineering are built on 

successful products. [Groover, M. 02]: 

It is important to make the right manufacturing decisions early in the design process, 

before the cost penalty of making changes becomes too high [Esawi, A. and Ashby, M. 98]. The 

selection of appropriate processes for a particular part is based upon a matching of the required 

attributes of the part and the various process capabilities [Boothroyd, G., Dewhurst, P., Winston, K., 

02].  

Manufacturing process can be analyzed to determine the range of its capabilities in terms 

of attributes of the parts that can be produced. Included in these capabilities are shape features that 

can be produced, natural tolerance ranges, surface roughness capabilities, and so on. These 

capabilities determine whether a process can be used to produce the corresponding part attributes 

[Boothroyd, G., Dewhurst, P., and Winston, K., 02]. 

The materials selected for a design often will determine the fabrication processes that can 

be used to manufacture the product, its performance characteristics, and its recyclability and 

environmental impact. As result, engineers should acquire a robust understanding of material 

characteristics and criteria that one should use in making material selection. 

Engineers must select the most appropriate materials for their designs, that is, materials 

that match both the performance requirements of the product and processing requirements for its 

manufacture [Voland, G., 99].  

Unnecessarily tight tolerances result in high production costs, yet the tolerances should 

ensure that the functional performance requirements of the products stay within a satisfactory range. 

Tolerances which are too loose can affect the product quality, and increase the scrap rate and 

production costs [Ji, S., and others, 00].  
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In a machining operation, the machined parts may appear to be identical, but close 

inspection reveals dimensional differences form one part to the next. Manufacturing variations can 

be divided into two types: random and assignable. One important measure usually used in the 

evaluation of manufacturing is the process capability [Groover, M., 02] which can be defined as 

follows:  

 

Process Capability =   3                                                                                                (3)  

 

Where  = process mean, which is set at the nominal value of the product characteristic 

when bilateral tolerancing is used; and  = standard deviation of the process.  

 

 

THE PROPOSED SYSTEM ARCHITECTURE: The developed system architecture which is 

programmed in C
++

 language is shown in figure (1) as a block diagram. It describes the process of 

analyzing product designs in order to identify design changes that improve assembly and 

manufacturing efficiency. The process consists of the main steps: (1) DFA, (2) DFM which consist 

of (a) selection of materials and processes, (b) selection of tolerance and secondary operation (3) 

design guidelines and recommendation. References [Bralla, J. 99, Boothroyd, G., Dewhurst, P., and 

Winston, K., 02, Whitney, D., 04, Zendin, K., 01 and Anderson, D., 04] are used as the sources of 

the standard data implemented in the developed system program.  

 



G. A. AL – Kindi                                                                           Developing A Methodology To Prepare Design 

 K. A. K. AL – Mendwi                                                                 According To Production Requirement   

 

 

 5961 

 
Figure (1) Block diagram of the proposed system  

 

A. Design for Assembly:  The part of the developed program that deals with the DFA is illustrated 

as a flow chart in figure (2), and starts with a main menu to acquire the followings:  

a. Input:  

 Product's name. 

 Item's name.  

 Item's number.  
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b. Select symmetry angle degree for both Alpha
1
 and Beta

2
. 

 Type of item as part or operation.  

 Part weight as less then 9 Kg. or equal or more then 9 Kg (see figure (3)). 
 

 

                                                           
1
 Alpha symmetry: it is the rotational symmetry of a part about an axis perpendicular to its axis of insertion. For parts 

with one axis of insertion, end-to-end orientation is necessary when alpha equals 360 degrees, otherwise equals 180 

degrees. 
2
 Beta symmetry: It is the rotational symmetry of a part about its axis of insertion. The magnitude of rotational 

symmetry is the smallest angle through which the part can be rotated and repeat its orientation. For cylinder inserted 

into a circular hole, beta equals zero. 
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Figure (2) Main flow chart of the proposed program 

(A – 1) Time Estimation for Handling: The flow chart of the handling time estimation module is 

shown in figure (4). However, the flow chart for options one, two, three and four from the handling 

time estimation module is shown in figures (4 – a), (4 – b), (4 – c) and (4 – d) respectively. 

 
Figure (3) Flow chart of the effect of weight 

on handling time estimation module 

 

 
Figure (4) Flow chart of the handling time 

estimation module 
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Figure (4 – a) Flow chart of the handling time 

estimation module for the parts that can be 

grasped and manipulated with one hand 

without the aid of grasping tools 
 

 
Figure (4 – b) Flow chart of the handling time 

estimation module for parts that can be lifted 

with one hand and require two hands 
 

 
Figure (4 – c) Flow chart of the handling time 

estimation module for parts that require two 

hands for manipulation   

 
Figure (4– d) Flow chart of the handling time 

estimation module for parts that severely nest 

or tangle and may require tweezers for 

grasping and manipulation   
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(A – 2) Time Estimation for Insertion: The flow chart that carries insertion time estimation is 

shown in figure (5). The flow chart for options one, two and three from the insertion time 

estimation module is shown in figure (5 – a), (5 – b) and (5 – c) respectively  

 

 
Figure (5) Flow chart of the insertion time 

estimation module 

 
Figure (5 – a) Flow chart of the insertion time 

estimation module for parts inserted but not 

secured immediately, or secured by snap fit  

 
Figure (5 – b) Flow chart of the insertion time 

estimation module for parts inserted and 

secured immediately by screw fastening with 

power tool  

 
Figure (5 – c) flow chart of the insertion time 

estimation module for parts inserted separate 

operation times for solid parts already in place  

 

 

(A – 3) Time Estimation for Tool Acquiring: The flow chart that represents this part is shown in 

figure (6).  
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(A – 4) Theoretical Minimum Part Count Module: The flow chart that represents this module is 

shown in figure (7).  

 
Figure (6) Flow chart for acquiring time 

estimation module  

 
 

Figure (7) Flow chart of the  Theoretical 

Minimum Part Count (TMPC) module 

 

(A – 5) Creation of the Table "Original Product": This table contains columns for: name of the 

item, number of items, handling time, insertion time, acquiring time, total time and theoretical 

minimum part count.  

In the end of these columns the user can see a row with the summation of: 

a) Number of items. 

b) Total time. 

c) Theoretical minimum part count. 

Results of these columns gives the user quick estimation about the design quality and error 

expectation in the production process, where the high number of items, total time, and TMPC 

means low quality and more error expectation in the production process. Lowering of any of these 

results may raise the quality. TMPC gives the user the minimum number of parts which required 

not to be exceeded when changing the design in the new product development and give a target for 

raising the quality and lowering error expectation in the production process whereas trying to be 

closer to that number, and away to identify possible simplifications in the product structure. 

In the end of that table the user can see the results of the followings:  

 Average time per operation. 

 Percentage efficiency of the assembly (DFA index). 

 Percentage estimated error probability.  

 

(A – 6) Creation of the Table "New Product Development": The "New Product Development" 

table is designed to help in the evaluation of the new design, hence it contains the related 

information to the "Original Product" table through it belongs to the new design to ease 

comparisons. 

  

(A – 7) The Comparison between Two Designs: The last menu in DFA analysis program makes a 

comparison between the two preceding files, this comparison includes: 



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 5968 

A. Item Number. 

B. Total time. 

C. Results of TMPC. 

D. Average time per operation. 

E. Efficiency of the assembly. 

F. Estimated probability.  

The program then gives a weight to the part count and time consuming in the assembly 

operation which can be converted to a cost affecting the product design.  

The program is aimed to work with parts that are within easy reach, are not smaller than 6 

mm in size, do not stick together, and are not fragile or sharp. 

 

B. Design for Manufacturing: The developed DFM program is aimed to: 

1. Appropriate process / material selection based on realistic cost estimates.  

2. Establishing or highlighting the relationships between part features and manufacturing costs 

for a given process. 

 

(B – 1) Selection of Materials and Processes: This part of program is systematic procedure for 

selection of primary process/ material combinations. Such procedure operates by eliminating 

processes and materials as more detailed specification of the required part's attributes occurs. The 

flow chart that represents the selection of material and process is shown in figure (8).  
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Figure (8) Flow chart of selection of materials and processes module 

 

 The program gives the compatibility of the selected shape attribute with the following 

manufacturing process: Sand casting, Investment casting, Die casting, Injection molding, Structural 

foam molding, Blow molding (extrusion), Blow molding (injection), Rotational molding, Impact 

extrusion, Cold heading, Closed die forging, Powder metal parts, Hot extrusion, Rotary swaging, 

Machining (from stock), ECM, EDM, Wire – EDM, Sheetmetal stamp /bend, Thermoforming and 

Metal spinning 

The program displays the compatibility between all the capable manufacturing processes 

for doing the shape attributes with the following materials: Cast iron, Carbon steel, Alloy steel, 

Stainless steel, Aluminum and its alloys, Copper and its alloys,  Zinc and its alloys, Magnesium and 

its alloys, Titanium and its alloys, Nickel and its alloys, Refractory metals, Thermoplastics and   

Thermosets. 

All manufacturing processes that are incapable of achieving the shape attribute are 

displayed by the program with shaded colour for all available materials. 

 All manufacturing processes that are capable of achieving the shape attribute are displayed 

by the program with white, gray and black cells for normal practice, less common and not 

applicable for practice with each particular material.  

The obtained combinations can then be ranked by other criteria, such as estimates of 

manufacturing costs. 

 

(B – 2) Machine Capabilities for the Selected Tolerances and Secondary Operation: The 

developed program flow chart that represents this part is shown in figure (9). 
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Figure (9) Flow chart of machine capabilities for tolerances and secondary operations module  

  

The program displays the process capability index Cp for tolerance and to all 

manufacturing process that are examined in the previous section.  

Cp index is displayed with five colors; every color refers to different area of Cp.  

From the Cp area, the user can distinguish if the specified tolerance is inadequate, sufficient 

or tighter than necessary for a particular manufacturing process, and if it needs a secondary 

operation. 

If the tolerance is inadequate, and needs a secondary operation, the program displays the 

machine capability of following machining processes operation: Rough machining, Standard 

machining, Fine machining, Grinding and Honing. 

 

C. Design Principles and Guidelines  

The proposed and developed system gives design principles and guidelines as a help in the 

program to enable the designer to develop the new design to be easer in manufacturing and 

assembly. These help include:  

 

C – 1 Capabilities of the Manufacturing Processes: The proposed program displays the main 

capabilities of the twenty- one manufacturing processes that deals with many properties, comments 

and guidelines such us: Part size, Tolerances, Surface finish, Shapes produced competitively, 

Process limitations, Typical application, Comments, Typical characteristics of that manufacturing 

process, Economic production quantities and General design considerations.  
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C – 2 Design for Manufacturing and Assembly Guidelines: The proposed program displays 

about forty guidelines for manufacturing and assembly to help the designer changing the existing 

design to a better developed one.  

 

C – 3 DFA Compatibility Attributes: The program also displays the main compatibility of 

attributes of the twenty- one manufacturing processes together with the related DFA guidelines. The 

attributes are: Part consolidation, Alignment features and Integral fasteners.   

  

C – 4 The Common Commercial Forms of Selected Raw Materials: The program displays a 

table with thirteen cells containing thirteen materials with their commercial form availability in the 

market: Ingots for casting, Molding compounds, Round bars, Rectangular bars, Tubing, Sheets, 

Foils or films, Wires and Powder for sintering.   

The displayed table also include whether these material forms are usually available, have 

limited availability or they are rarely or never available.  Hence the designer can make the decisions 

with initial information about the availability of selected raw material.  

 

IMPLEMENTATION RESULTS AND DISCUSSION  

 

A. Design for Assembly: Two case studies are given these includes: Electrical shaver cover (figure 

10) and Ball pen (figure 11).  

 

  

Figure (10) The electrical 

shaver cover. (a) The 

original design. (b) The 

suggested redesign. 

 

Figure (11) The ball pen. (a) The original design. (b) The new 

developed design. 

  

(A – 1) Electrical Shaver Cover Case Study: The original subassembly consists of nine parts: the 

back cover, the front cover, two side plates that slide into place on the body and are then held in 

place by the back cover, four screws to secure the back cover to the body, and a label. The 

redesigned back cover subassembly consists of two parts, a redesigned back cover, and a screw in 

addition to the body.  

The design data of the electrical shaver cover is analyzed step by step and input into the 

developed program. Results of the program are gained in the form of two tables namely "The 

original product table" and "The new product development table" which are shown in figures (12) 

and (13) respectively. However, program results shown in figure (14) presents comparison between 

the original and the modified design. 

According to the acquired results the following enhancements to the design are gained 

when using the modified design:  

a. The number of items decreased by 70 % 

b. The total time decreased by 77 % 

c. The average time per operation decreased by 23.6 % 



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 5974 

d. The efficiency of the assembly increased by 4 times  

e. The error expectation probability decreased by 84 % 

It is worth to know that the modified design is made to follow the guidelines 

implemented in the developed program.  
 

 
Figure (12) Results of the original design of 

the electric shaver cover  

 

 
Figure (13) Results of the new product 

development of the electric shaver cover  

 
Figure (14) Comparison results of the original and the modified design for the electric shaver 

cover as acquired from the developed DFA program 

 

(A – 2) The Ball Pen Case Study: A proposed pen design consists of nine parts, namely: body, 

hanging part, guide, switching part, refilling tube, spring, refiller guide, sleeve, and pen head. The 

redesigned pen consists of only three parts: Body, refilling tube and the cover.  

Two ball pens that match the two designs were taken from the market by the researcher. 

Tests were conducted to disassemble and reassemble these two ball pens repeatingly for 30 times 

each to estimate the actual assembly time. 

 

The two ball pens data were analyzed step by step and input to the DFA program which is 

shown in figures (15) and (16) respectively. However, figure (17) presents the acquired 

comparisons of results between the two cases of the pen assembly as given by the developed 

program. It can be seen from these results that the new design of the ball pen which follows the 

recommendations and guidelines stated in the developed DFA program has enhanced the assembly 

operation as follows:  

a. The number of items decreased by 70 % 

b. The total time decreased by 76.7 % 

c. The average time per operation decreased by 22.45 % 

d. The efficiency of the assembly increased by  4.3 times  
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e. The error expectation probability decreased by  91.4 % 

It is obvious from these results that the enhancement of the assembly operation when 

implemented in the new design reduced the time required for the assembly operation by about 4.3 

times as acquired by the developed DFA program. This reduction of time approximately matches 

the reduction of time acquired from the actual assembly operations that were conducted by the 

authors of this paper where about 4.2 times reduction was achieved. 

   

 
Figure (15) The original product of the ball 

pen assembly  

 

 
Figure (16) Program results of new design of 

the ball pen 

  
Figure (17) Results of comparisons between the original and modified design for the ball pen 

assembly as acquired from the developed DFA program  

B. Design for Manufacturing 

Two case studies are given in this section to demonstrate the capability and limitations of 

the developed DFM program, these case studies include: (a) The Bracket part, (figure 18) and an air 

conditioner fan part (figure 19).  
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Figure (18) The bracket part. (a) Top view. (b) Front view.  

 

Figure (19) Air conditioner centrifugal fan design obtained from the State Company for 

Electrical Appliances – AL – Waszeria, Baghdad, Iraq  

 

(B – 1) The Bracket Part: The bracket part that is used as a case study is taken from an 

engineering drawing, analyzed by its terms of shape attributes producing capabilities and applying it 

to the developed DFM program which gives the results presented in figure (20). 

The DFM program displays the processes that are capable of achieving the shape attributes 

of the bracket part, figure (21). In this case the only option is by the machining process. 

The DFM program then displays the capable processes of achieving the shape attributes 

using available materials, figure (22). 

However by examining figure (20) carefully, it seems to be that the "no draft angle 

attribute" is the most likely obstacle that prevented the program to allocate other manufacturing 

process alternatives to this part. Hence if the designer adds a drafting angle to his design which may 

not affect the part functionality other manufacturing process alternatives will result, see figure (23).  

Results of the re-design of the bracket widen the options for process selection that include 

(see figure (24)): sand casting, investment casting, die casting, injection molding, structure foam, 

closed die forging, machining, ECM, EDM sheet metal (stamping / bending) and thermoforming. 

Hence, the user may select a more economical operation from these.  

The effective tolerance of the bracket was selected to be ± 0.025 mm. Using this tolerance 

as an input to the developed DFM program as shown in figure (25), showed that "machining" is the 

only capable process to produce the required design, whereas all other processes were excluded.  

It is clear from the program results that the tolerance specified for the bracket is very strict, 

and imposing the fourth step in the tolerance step function [4], the grinding. This will impose 6 

times the original cost compared with parts that has no strict tolerances. Therefore this will remind 

the designer to study the possibility of less strict tolerances to be used for this part. 
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Figure (20) The capable and incapable 

processes for the shape attributes of the bracket 

part 

 
Figure (21) The capable processes for the shape 

attributes of the bracket part manufacturing 

  

 
Figure (22) Results of compatibility between 

process and materials of the bracket part 

 
Figure (23) The capable and incapable processes 

for the shape attributes of the bracket part 

manufacturing applying "no draft angle 

attribute" 
 

 
Figure (24) The capable processes for the shape 

attributes of the bracket part manufacturing 

applying "no draft angle attribute" 

 
Figure (25) The tolerance process capability to 

the bracket 
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(B – 2) Air Conditioner Centrifugal Fan Case Study:  

This part is selected from the production range of the State Company for Electrical 

Industries. One of the products produced in that company is air conditioner, and one of its parts is 

the centrifugal fan. The centrifugal fan is a plastic part made in injection molding; functionally, the 

fan must rotate and withstand the forces of the air wind speed, must rotate without vibration and 

must not hit the surrounding insulator. 

 The blade must keep its designed shape because it is responsible for air distribution 

equally in all directions, and that will not be happened exactly if there is any distortion in the blades 

shape.  If the selected manufacturing process is incapable to produce the part to be within the design 

limits then, unbalanced forces will occur while the part functions, thus will introduce vibration and 

noise. 

The outside diameter of the fan must be kept within its tolerances which is ± 0.6 mm. If the 

tolerance is over the limits the fan will hit the insulator surroundings and make damage or destroy 

it. If it is less than the limits the fan will not work properly.  

The blade thickness is not uniform; it is less than 3 mm in one area and its bend have more 

than one arc.  

The air conditioner manufactured in the company by patch quantity, the quantity may be 

about 300 product / patch. That leads to a quantity about 300 fan / patch. 

Applying the shape attributes for the air conditioner centrifugal fan to the program gives 

the results presented in figure (26). The program identified the processes that are capable of 

achieving the shape attributes namely: sand casting, investment casting, die casting, injection 

molding, structural foam, closed die forging, machining form stock, ECM and EDM as shown in 

figure (27). 

The program then displays the capable processes of achieving the shape attributes with its 

possible available materials as shown in figure (28).  

The effective tolerance of the centrifugal fan is the tolerance added to the outside diameter 

which is 217 ± 0.6 mm. Implementing this range of values in the program gives the result shown in 

figure (29). This range of tolerance is liberal.  

In this case study the processes that are identified to be capable of manufacturing the 

centrifugal fan, were examined one by one. It could be concluded that limitations of some of the 

stated processes make them infeasible to be adopted to manufacture the fan, hence they may be 

discarded, and these processes are: Sand Casting, Investment Casting, Structural Foam, Machining 

(from stock), ECM and EDM.  

. The reason that the program identified these processes as valid alternatives is due to the 

incomplete database and product information available to the program, hence, future work to 

establish a more comprehensive database and further development of the program are suggested for 

future development.  

According to the employed operation capability database, the three processes that can be 

used successfully to produce the fan regardless of its given material are: Die Casting, Closed Die 

Forging and Injection Molding. Both die casting and close die forging requires secondary 

operations. 
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Figure (26) The capable and incapable 

processes for the shape attributes of the 

centrifugal fan  
 

 
Figure (27) The capable processes for the 

shape attributes of air conditioner fan 

production as identified by the DFM program 

 

Figure (28) Compatibility between process and 

materials of the centrifugal fan  

 
Figure (29) Tolerance process capability to the 

centrifugal fan  

   

CONCLUSIONS  

 The method adopted in the DFA gave very good enhancement in the efficiency of the 

assembly, which increased by 4 times, and error expectation probability increased by 84%. 

 Verification of DFA program results and actual assembly of a conducted tests showed that 

the obtained results are close to each other when comparing the percentage of the design 

improvements, however, the actual resulting time values differs due to human and 

environment factors. 

 The developed DFA method did not overlap with the usual work of the designer. It only 

gives support to the work to achieve the goal, therefore the DFA system can be 

implemented beneficially. 

 In spite of good estimation that comes from DFA, the developed program still requires 

more developments and verification of its database to enable its commercial 

implementation in the industry.  

 The adopted method of DFM succeeded to give valuable aid to the designer by reducing the 

many available alternatives to those which are capable to produce the part hence it will save 

time by reducing the possible rework time. 
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 The developed DFM program succeeded to give aid to the designer to select the appropriate 

material that is available in the required shape and form. In addition the program verifies 

whether the selected manufacturing process is capable to achieve the required tolerances, 

else it notifies the user that a secondary operation is required. 

 Results of the case studies showed the importance of designing a draft angle where 

possible. This draft angle will help to extend the list of possible manufacturing process 

alternatives so that the user can select the best of these. 

 Results of this paper showed that the way to automate the process of DFMA is still require 

more attention and further research specially to develop a full comprehensive database that 

covers all the variables affecting the process and integration the intelligence of the experts 

in the field. Therefore, to develop a comprehensive commercial and industrial system 

employing the DFMA more research work is needed. However, the step taken to reach the 

develop level of the DFMA program has contributed to this important field. 
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ABBREVIATION  

 

CE Concurrent Engineering. 

DFA Design for Assembly. 

DFM Design for Manufacturing. 

TMPC Theoretical Minimum Part Count.  

ECM Electrochemical Machining. 

EDM Electrical Discharge Machining. 
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ABSTRACT 

 

The dynamics of dual-spin spacecraft which containing a proposed nutation 

damper which consisting of a ring totally filled with a viscous liquid with offset center, 

to improve damping, is investigated. The equations of motion were developed using 

Newton-Lagrange approach resulting equations in terms of spacecraft’s and damper’s 

parameters , which are given in dimensionless form. The expression of the nutation 

angle and time constant in both modes are developed using zero-order approximation 

technique. The equilibria states and stability condition, and the analytical expression for 

residual nutation angle were derived. The analytical results were compared with those 

found numerically using computer simulation program named MATLAB, ver. 7.  

Also the effect of various spacecraft’s and damper’s parameters on the dynamic and 

damping characteristics are discussed. The three dimensional graphical representation 

of the first and the second relative equilibria states are introduced. The numerical 

results are compared with the analytical for both modes of motion, where the percentage 

error of the time constant for nutation mode is less than (3.6%), and for spin mode is 

less than (8%). As an important result its concluded that the proposed damper works 

better than that used by Alfriend
(2)

. 

 

 

 

 الخلاصة

ذن ذسلٍل دٌٌاهٍكٍح الأقواس الصٌاعٍح راخ الثشم الوزدوج والرً ذسوي على هخوذ ذشًسيً هتريشذ ٌري لن هيي زلتيح 

ذخوٍييذ للسشيييح الرشًسٍييح ل قويياس  أز يييهولييو ج يلٍييا ت ييارل وتوشيييز هييزاذ عييي هسييوس الييذوساى للسصييو  علييى 

سشيح وذن السصو  على هعادلاخ تذلالح هرغٍشاخ لاگشاًح لاشرتاق هعادلاخ ال-اسرخذهد طشٌتح ًٍوذي .الصٌاعٍح

وخيذخ الرعياتٍش  .زٍث ذن خعل هيزٍ الورغٍيشاخ تسٍيث ذكيوى لا تعذٌيح, التوش الصٌاعً وهرغٍشاخ الوخوذ الرشًسً

وثاتييد الييزهي لاييً ييين السييوسٌي تاسييرخذام طشٌتييح ذتشٌيية الوشذثييح  (Nutation angle)الخاصييح تزاوٌييح الرييشًر 

وييزل  ًوقتيد زيالاخ الاذيزاى وشيشوط الاسيرتشاسٌح الخاصيح ت يزٍ  (zero-order approximation)الصفشٌح 

ذن هتاسًح الٌرارح الرسلٍلٍح الو رسصيلح  .الأقواس؛ ويزل  ذن السصو  على الرعثٍش الشٌاضً لزاوٌح الرشًر الورثتٍح
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ًوقتيد  MATLAB 7لاً هذا الثسث هع الٌرارح العذدٌيح الو رسصيل علٍ يا تاسيرخذام الوسايياج تواسيسح تشًياهح 

أٌضا ذ ثٍش الورغٍشاخ الوخرلفح الخاصح تالتوش الصٌاعً وهٌظوهح الرخوٍيذ عليى الخيوال الذٌٌاهٍكٍيح والرخوٍذٌيح 

سد زاليح .للوٌضيوهح . الأتعياد  ثنثٍيح  سسيوم  هيي خين   والثاًٍيح الأوليى   الٌ يثٍح  الاسيرتشاسٌح   وأخٍيشا وضحي

(Three Dimensional Representation). .زٍث وخذخ , ذن هتاسًح الٌرارح العذدٌح هع الرسلٍلٍح لكن السوسٌي

 %(5)ولسوس الرزاهي الرذوٌوً اقل هي %( 5.3)ً ثح الخس  لثاتد الزهي لسوس الرزاهي الرشًسً اقل هي 

 

NOMENCLATURE 

Symbol        Description                                                                                Unit   

 A                    Principal transverse moment of inertia of the spacecraft                                  kg.m
2
 

b                      Ratio of the ring height to the ring mean radius                                                    - 

C, Cp  Moment of inertia of the rotor and the platform along z-axis                         kg.m
2
 

d                      Distance of the offset.                                                                                              M 

Fd                    Drag force                                                                                                                   N  

ht               Transverse angular momentum  

htt              Total angular momentum       

[Is/c]                 Spacecraft inertia matrix                                                                                      kg.m
2
 

Iu, Iv, Iz          Moments of inertia of the damping viscous liquid 

                       measured along u, v, and z axes                                                                           kg.m
2   

Iuz                   Product moment of inertia of the fluid                                                                  kg.m
2
  

m                    Mass of the fluid                                                                                                        kg 

p, q, r         Dimensionless angular velocity components of the spacecraft   

                  about x,y and z, respectively. 

Qα              Generalized moment associated with the generalized coordinate α       N.m 

{Q}            Column matrix of the moment component of the  

                   non conservative forces                                                                     N.m 

R                Ring mean radius of the nutation damper                                             m 

T                Total kinetic energy of the spacecraft equipped with nutation damper  N.m 

t                  Time                                                                                                    sec 

x, y, z          Body fixed frame. 

 

Greek Symbol    

α                 Relative angular displacement between the fluid and the spacecraf      rad  

αo                Initial value of α in the spin-synchronous mode                                   rad 

~                Small variation in α in the spin-synchronous mode                              rad   



                Relative angular velocity of the fluid                                                   rad/s 

ε             Inertia ratio of the fluid to the transverse inertia of the spacecraft           -                          

η                 Damping constant of the damping fluid                                                   - 

θ                 Nutation angle of the spacecraft                                                            rad 

θn                Nutation angle in the nutation-synchronous mode                                 rad 
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θr                Residual nutation angle of the spacecraft                                               rad 

θs                Nutation angle in the spin-synchronous mode                                        rad 

σ                 Inertia ratio of the spacecraft (σ=C/A)                                                     - 

τ                 Dimensionless time                                                                                  - 

 

INTRODUCTION 

 The attitude control system of the spacecraft is to control the attitude and position of 

the spacecraft as it performs its mission. The techniques that provide attitude stabilization and 

control of spacecraft are; passive control system, semi-passive and active control system
(15)

. 

The type of the system adopted in the present study is the passive type system. Passive 

system does not require any external power source, once they are in place, they use gravity or 

momentum to create the necessary control forces and moments
(19)

.  

Dual-spin stabilization type is the method of attitude stabilization adopted in the present 

study. A spin and Dual-spin stabilized spacecraft, or spinners, utilizes its own spinning 

motion to keep it’s self aligned in a certain inertial direction. The spinning motion creates 

stiff angular momentum vector, which tend to resist external disturbance torques. A spinner is 

stable if it is spun about the axis of largest principal moment of inertia, if it is spun about a 

different axis, any disturbance could cause the spin axis to shift to the major axis. 

In single spin stabilization the whole body rotates about the axis of maximum principal 

moment of inertia. Early communication satellites, such Syncom I, ATS I, II and Inelsat I, II 

were single spin stabilized. Its advantages are simple, reliable, and long life time but the main 

limitations of these satellites are that they could not use earth oriented antennas. These 

limitations are overcome in a dual spin spacecraft. Whereas dual spin spacecraft consisting of 

spinning rotor producing gyroscopic stiffness and a platform rotating at a much slower rate in 

accordance with the desired attitude of the spacecraft. There are two types which are 

commonly known as the external rotor and body stabilized spacecraft, each type employs a 

different method of attitude stabilization. The external rotor type or “Gyrostat” uses spin 

stabilization where the rotor of relatively large moment of inertia rotates to provide 

gyroscopic stiffness, while the platform usually containing communication equipment and 

antennas are despun. 

Chang, and Liu
 (4)

, studied the dynamic and stability of an inertially symmetric, spinning, 

rigid body with a partial filled viscous-ring damper mounted normal to the spin axis. They 

used the nonlinear equations directly by using center manifold theory; they generated the 

stability criteria and the decay time constant. Then Alfriend
(2)

, studied the attitude stability of 
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Dual-spin spacecraft with a partial filled viscous-ring damper utilizing zero order 

approximation technique. Hamed
 (31)

, studied the ball in ring nutation damper, he utilized 

neon gas and many percentage of glycerin water mixture as damping fluid in his study.  

The present work represents an attempt to study the full filled viscous ring damper 

mounted normally to the spin axis with offset centre (d) from the spin axis.  

-EQUATION OF MOTION 

The total angular momentum can be written in terms of angular velocity component: 



h = [(A+Iu)ωu - Iuz(ωz+


 )]eu + [(A+Iv)ωv]ev + [Cωz + Iz(ωz+


 ) - Iuzωu + Cpωpz]ez         1 

When the external torque components are zero, the system referred to as a freely precessing 

system, then the principle of conservation of angular momentum can be applied, such that
(21)

: 

 

 

Fig. A: Body fixed coordinate system. 
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Fig. B: Rigid body angular momentum. 

 

Fig.C: Spacecraft model with viscous ring damper. 
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the equation which describes the motion of the fluid inside the ring, can be obtained by using 

Lagrange’s equation expressed in terms of quasi-coordinate. 











Q
TTT

dt

d

v

u

u

v 















                                                                                         3 

where Q is the generalized moment associated with the generalized coordinate  , and it is 

given by: 



 
2RCQ f                                                                                                                        4 

fC : coefficient of viscous friction between fluid and ring wall.(N s/m) 

The kinetic energy (T) of the system is in the form:  
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Using Eqs.1, 4 and 5, then Eqs. 2 and 3 yields: 
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04  Cr                                                                                                                         9 

where, (  )′ = (d/dt),  D1 & D2 are given in the appendix   

                                  

 

-SOLUTION OF THE PROBLEM 

Before developing the solution for the attitude equations of the spacecraft, the equation which 

is describing the nutation angle in terms of dimensionless parameters and variables, will be 

developed. 

tt

z

h

h
cos ,  

tt

t

h

h
sin ,   

222

zttt hhh constant,   
222

vut hhh               10a, b, c, d                                                                              

differentiate Eq. 10a and substitute in Eq. 10b gives: 

t

z

h

h


                                                                                                                        11 
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from Eq. 2, the time derivative of the spin axis angular momentum vector hz, may be given 

by (in dimensionless angular velocity variables (p, q)): 

vuz phqhh 


                                                                                                                  12 

Substitute Eq. 11  into Eq. 12, yields the following equation: 

 
t

uv

h

qhph 
                                                                                                                   13 

Substitute hu, hv, ht and huz into Eq. 13 yields (details in appendix): 

 

  
22

2

qp

qrbGpG







                                                                                              14 

apply zero-order approximation procedure to Eqs. 6, 7, 8, and 9 to get: 

 

  0 qrp s                                                                                                      15 

  0 prq s                                                                                                      16 

0r                                                                                                                                  17 

  0
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 qr

bG
p

G
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bGn 






                                                         18 

The solution of the angular velocity component r is obtained from Eq. 17, with the fact that 

the initial value of the r-components equal to 1, then the solution of Eq. 17 is: 

r=1                                                                                                                                      19 

substitute the solution of the r-component Eq. 19  in Eqs. 15 and 16, then one get:  

  0 qp n  ,     0 pq n                                                                      20, 21                                                                                                                                                                                                                                                                                                      

where,  

sn         

the solution of p and q are given by: 

   ntp cos ,    ntq sin                                                                     22, 23                                                                                                                                                                                                                                                                                                

substitute Eqs. 22 and 23  into Eq. 14, then Eq. 14 becomes: 

        nnt bGG sin1cos2                                                        24 

Now, it is required to express for t in terms of the nutation angle . 

Divide Eq. 10b by Eq. 10a and substitute th  and zh  then apply zero-order approximation to 

get: 
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n

t




 tan                                                                                                                          25                                                                                                         

where, sn    

sub. p given by Eq. 15  into Eq. 18 results: 

    01
2

2









 q

bG
p

GbG
n

n 









                                                   26 

 

DAMPER MOTION 

The symmetric rigid body, which is spinning about its axis of symmetry, has a constant 

nutation angle when no damping is present. The transverse angular velocity t  rotates at a 

rate of    cospp and the body rotates relative to t at a rate of   
pp 1 , 

when no damping is present, a plane containing the angular momentum vector 


h or t and 

the z-axis, called the nutation plane, is formed. the fluid is then moving at a constant rate of 

  
pp 1  (relative spin), with respect to the body. At the same time, the fluid 

subjected to centrifugal force due to the relative rotation (spin) about the z-axis. This type of 

motion is called "nutation-synchronous" motion. In this mode the fluid is moving at a 

constant rate with respect to the spacecraft (damper ring); hence the energy dissipation rate is 

constant. If  >1the nutation angle decreases which cause a decrease in the centrifugal force. 

Eventually the component of the centrifugal force is not large enough to balance the damping 

and friction forces, and the fluid begins to decelerate and oscillate until becomes at rest. This 

type of motion is called "spin-synchronous" motion.  

 

Nutation-Synchronous Mode 

Let   measure the position of the center of a portion of the fluid with respect to the 

nutation plane. Assuming that at 0,0   , then  

 n                                                                                                                        27 

Substituting for   in Eq. 26 and using Eqs. 22, 23 then Eq. 26 becomes: 
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                       28 

where, n refer to the damping constant in the nutation-synchronous mode. 



Journal of Engineering Volume   16  December  2010   Number  4 
 

 

 2665 

Since that, the motion of the fluid in this mode is constant, then the solution of Eq.28 is,  

.cons   , so, 0  , substituting in Eq.28 and take into account that 

sn   and  1  , then 

  
2

2
2 sin1




 nn

tnbGpG                                                                            29 

substitute for s   and 0s into Eq. 24, then 24 becomes: 

   sntn bGG  sin1cos2                                                                            30                                                                   

where, n  refer to the nutation angle in the nutation-synchronous mode.  

Substituting for the left hand side of Eq.29  in Eq.30, and using Eq.25 then, 







n

nn

n 2

2

tan                                                                                                            31                                                                                                  

Carrying out the integration, then the nutation angle n   is given by: 

0coscos nn   ne




                                                                                                           32                                                                                                

where, 0n  is the initial value of n , n is the time constant of the system which it is given 

by: 






nn

n

n 2

2

                                                                                                                        33 

At the end of the nutation-synchronous mode, the system goes into the spin-synchronous 

mode and the nutation angle n gain its minimum value. Referring to Eq.29, to satisfy the 

condition of minimum value of the nutation angle in this mode, the angle s  should be equal 

to 
2


 substituting for this value and for t  from Eq.25, then; 





















s
n

n

bG 1

tan
3

2

                                                                                                  34                                  

Spin-Synchronous Mode  

In the Spin-Synchronous mode, the spacecraft becomes more closely to the state of 

pure spin about the spin axis (z-axis). Accordingly, the relative speed of the fluid, about the 

spin axis with respect to the spinning rotor, will be decreased. Eventually the relative speed 

between the fluid and the spinning rotor becomes zero, then the spacecraft spin axis is aligned 

with the initial direction of the total angular momentum vector. In the spin-synchronous 
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mode, it can be shown that the fluid is moving with a small variation in its speed with respect 

to the damper ring therefore it is necessary to find the solution for the motion of the fluid ( ) 

as a function of dimensionless time ( ), substituting for p  and q from Eqs.22 and 23  into 

Eq.26, yields: 

    0sin1
2









 







 ntn

n bG
                                                                35 

As mentioned above that the fluid moving with a small variation in its speed, then the 

following equation can be assumed: 

 ~
0                                                                                                                           36               

where, 0  is the initial value of   and ~  represent the small variation of the speed of the 

fluid such that  ~
0  , which gives the following expressions: 

        nn  000 sinsin,1~coscos,~~sinsin , 

    nn  0coscos                                                                                              37                                                                          

The basis of the above assumptions is that the change in  is small compared with n . 

Using the above assumption, then Eq.35 becomes: 

    0sin1 02









 







 ntn

n bG
                                                              38 

assume the forced oscillating solution of Eq.38  is given by 

 

    nn BA  000 cossin~                                                                 39 

to find the constants A and B, substituting Eq.39  in Eq.38, and after some mathematical 

manipulations we get: 
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substitute A and B in Eq. 39, and substitute for t , then the expression of  ~  becomes: 

   







 




 nnsF 020 cossintan~                                                          40  

where s  referred to the nutation angle in the spin-synchronous mode and the constant F is 

given by: 
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The differential equation of the nutation angle rate Eq.24 is given by: 

 

       nnsns bGG  sin1costan2                                           41 

 

it was mentioned that ~ represents small variation in  such that 

 

 ~
0  , where  ~

0  .using the approximation of small angle, then  

 

   ~~sinsin 0  ,   1~coscos 0   ,   00 sinsin   , 

    000 2sin~2sinsin   ,                                                                                 42                     

 

using the above mentioned relations, then the expression of   nsin may be given by 

 

         nnnn sinsin~coscoscos~sin~sinsin 00000                                                                                                                                                                                                                                                                                              

                                                                                                                                            43 

Substituting ~  from Eq.40 in Eq.43 ( s  is small in the spin-synchronous mode ss  tan ), 

then (by expanding the trigonometric terms) Eq.41 becomes: 

  

 







































































































































































































































n

nnnn

nnn

nnn

n

n

nnn

nnn

nnn

sn

nnnnsn

s
FbG

G

22

0

00

22

0

2

2

00

2

0

2

0

2

00

22

0

00

22

0

2

2

00

2

0

2

0

2

00

0

2

000

2

0

2

sincos

cossincossin2cossin

sincossincossinsin

cossincoscoscossin

sinsin

cossincossin2coscos

sincossincossinsin

cossincoscoscossin

sin

sinsincoscoscossinsincossincoscossin

                                                                                                                                             44 

then Eq.44 is written as: 
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Eq.45 can be written in terms of spin-synchronous time constant as: 
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where, 
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                                                                      47 

 

one can see that the nutation angle time history consists of dominant exponential decay super 

imposed on it an oscillation of small amplitude represents the effect of the trigonometric 

terms. So that, the general solution of Eq.46 is given by: 

 

..IsPscs                                                                                                            48 

where, sc : is the complementary part of the, ..IsP : is the particular part of the solution. These 

solutions may be given by: 

cscesc








                                                                                                                        49 

 

    nnIsP BA  00.. cossin                                                                         50 

substitute Eq.50  in Eq.46 to get: 
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substituting the solution of Eq.50  in Eq.48 and using the initial condition ( 0ss   at time 

0  ) then the constant c is given by: 
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and from Eq.48  the complete solution of the nutation angle s  is given by: 
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RESULTS AND DISCUSSION 

         Figures (1) and (2) shows the nutation angle time history prepared in this work 

and that presented by Alfriend
(2)

 respectively, where figure (2) represent the experimental 

work of Alfriend
(2)

. One can see that the trend  of results of the present work is acceptable in 

comparison with Alfriend
(2)

. Figure (3) shows the comparison of the nutation angle time 

history of this work compared with that predicted by Alfriend
 (2)

, for nutation-synchronous 

mode. This figure shows that the time constant in this work is decreased compared with the 

time constant Alfriend
(2)

. In figure (4), the comparison of the nutation angle time history for 

both nutation-synchronous mode and spin-synchronous mode is shown. It is seen that the 

analytical solution very well agrees with the numerical solution. The time constant for 

nutation-synchronous mode obtained analytically is (99981) and numerically is (96428.5) 

which means that the percentage error is less than (3.6%), and this means that the analytical 

solution predicts the time constant very well, and for spin-synchronous mode, it could be seen 

the numerical is (866.66) and the analytical is (802.17), i.e. the percentage error is ( 8%). 

Figures (5, 6, 7, 8, 9 and 10) show the variation of the time constant with the inertia ratio  , 

ring mean radius (R), and damping constant, respectively. The variation of the time constant 

with the ratio of the ring height to the ring mean radius (b) for spin-synchronous mode is 

shown in Fig. (11). In Fig. (12), the variation of the time constant with the distance of offset 

center (d) is shown. Figure (13) shows the degradation of p component while, the time 

history of the r component of the spacecraft angular velocity for the first relative equilibrium 

state is  shown in Fig. (14). A three dimensional visualization of the first relative equilibrium 

state is shown in Fig. (15). It is shown that even the system being at a point in neighborhood 

of the second relative equilibrium state, it will converge to the  first relative equilibrium state. 

This is because that the system parameters satisfy the stability condition of the first relative 

equilibrium state. 

 

CONCLUSIONS  

          From the results shown, it is concluded that a good agreement was obtained 

between the analytical and numerical solutions. The proposed damper overcomes the 

problems of the spreading and sloshing which occur in the partially filled nutation 

dampers. Utilizing fluids with high damping coefficient will decrease the time constant 

in both modes of motion. 
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Fig. (1). Nutation angle time history of 

present work. 

 

Fig. (2).Nutation angle time history of 

the ref.(2). 
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Fig. (3). Comparison of the nutation angle time history of 
present work with ref.(2) for the nutation-synchronous 

mode. 

 

Fig. (4). Comparison between numerical and 
analytical solution of the nutation angle time 

history. 

 

Fig. (5). Influence of the inertia ratio (σ) on the time 
constant for the nutation-synchronous mode. 

 

Fig. (6). Influence of the inertia ratio (σ) on the 
time constant for the spin-synchronous mode. 

 

Fig. (7) Influence of the ring mean radius on the time 

constant for nutation-synchronous mode. 

 

Fig. (8) Influence of the ring mean radius on the 

time constant for spin-synchronous mode. 
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Fig. (9) Influence of the damping constant on the time 

constant for nutation-synchronous mode. 

 

Fig. (10) Influence of the damping constant on the time 

constant for spin-synchronous mode. 

 

 

Fig. (11) Influence of the ratio of the ring height to the 

ring mean radius, b on the time constant for spin-
synchronous. mode. 

 

Fig. (12) Influence of the offset distance, d on the time 

constant for spin-synchronous mode. 

 

Fig. (13) Time history of dimensionless angular velocity 
component (p) for condition (p0, q0, r0)

T=(0.15, 0.3, 0.9)T. 

First relative equilibrium state. 

. 

 

Fig. (14)  Time history of dimensionless angular velocity 
component (r) for condition (p0, q0, r0)

T=(0.15, 0.3, 0.9)T. 

For the first relative equilibrium state. 
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Fig. (15)  Three dimensional visualization shows that the 

spacecraft diverge from second relative stability and reaches to 

the first relative stability,  =1.2, (po, qo, ro)
T=(0.15, 0.3, 0.9)T. 

 

 

Fig. (16) Time history of dimensionless angular velocity 
component (p) for condition (p0, q0, r0)

T=(0.01, 0.07, 

0.95)T. 

Second relative equilibrium state. 

 

Fig. (17)  Time history of dimensionless angular velocity 

component (r) for condition (p0, q0, r0)
T=(0.01, 0.07, 0.95)T 

For the second relative equilibrium state. 

 

 

Fig. (18)  Three dimensional visualization shows that the 

spacecraft diverge from first relative stability and reaches to 

the second relative stability,  =0.75, (po, qo, ro)
T=(0.01, 

0.07, 0.095)T. 
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WOVEN FACTOR FOR THE MECHANCIAL PROPERTIES OF 

WOVEN COMPOSITE MATERIALS 
 

Dr. Kadhim H. Ghlaim 

Dejla University College 

 

ABSTARCT 

In the past years, the use of composite materials in the aircraft industry, among others, has grown 

immensely. Composite systems offer an advantage over traditional aircraft materials (metals) 

because they tend to exhibit higher strength/weight and stiffness/weight ratios than metals, thus 

making the aircraft lighter and improving performance. Woven composites are increasingly 

considered for such applications because they offer ease in manufacturing of complicated 

geometries, but the mechanical properties for different weave patrons of the material is even less 

well characterized than that of non-woven (angle-ply) laminates. For this reason and because the 

woven composite mechanical properties is impotent for the theoretical work of the presented work 

way. The woven factors were evaluated and measured for the composite with different weave 

patrons, fiber materials and matrix materials. The woven factors were calculated from the 

measuring mechanical properties from tensile tests of woven composite and for the cross-

unidirectional composite made from the same materials. Three types of fiber were used which are 

E-Glass, Kevlar, and Carbon, while epoxy and polyester were used as a matrixes. The results 

showing that the woven factors for the Kevlar is higher than the E-Glass and the Carbon and the 

composites reinforce epoxy have higher woven factors than the composites reinforced polyester. 

 

 النسج في الخواص الميكانيكي للمواد المركبة النسيجية معاملات

 
 الخلاصة 

اصداد اسرعمال انمُاد انمشكثح في انسىُاخ الاخيش نهما ذرميض تً مه خُاص وسثيح نهمقاَمح انى انكثافح َ انشذج انى انكثافح َ انري 

نٍزا انسثة . مُاد انمشكثح انىسيديح نٍُنح ذشكيهٍا ترظاسيس معقذج انشكمَذميضخ مىٍا ان. خعهد الاخضاء انميكاويكيح اقم َصوا 

نكه َتسثة ذغيش طثيعح انىسح َسمكح َ ذشذيثً فان . اصثح اسرخشاج انخُاص انميكاويكيح نٍا ر اٌميح يانغح في انرحهيلاخ انىظشيح

زا انثحث اسرحذثد معاملاخ خاصح تانىسح نهمُاد في ٌ. انخُاص انميكاويكيح نٍا امرهكد انرعقيذ مه واحيح انرعامم َ انرخميه

انمشكثح انىسيديح ذمثم وسثح انخُاص انميكاويكيح نهمُاد انىسيديح انى انخُاص انميكاويكيح نمثيلاذً نهمُاد انمشكثح احاديح اذداي 

خ ذداسب نهمُاد انمشكثح اشرقد في ٌزا انثحث انعلاقاخ تيه انخُاص انميكاويكيح  محرُيح عهى ٌزي انمعاملاخ َوفز. الانياف

انمُاد انمشكثح انمسرخذمح صىعد مه انياف مخرهفح ٌي انكفهش َ انكاستُن َ الانياف . انىسيديح َ الاحاديح نرخميه ٌزي انمعاملاخ

الاكفهش اظٍشخ انىرائح ان معامم انىسح نهمُاد انمشكثح تانياف . انضخاخيح تيىما اخرهفد انمُاد انطامشج مه الايثُكي انى انثُنسرش

 . َاوٍا نهمُاد انمشكثح تمادج طمش ايثُكسي اعهى مىً نهثُنسرش. ٌي اعهى مىً نهكاستُن َ الانياف انضخاخيح

 

KEYWORDS: woven composite materials, tensile, stress, Young modulus, Poisson’s ratio, 

satin. 
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INTRODUCTION 

Woven fiber reinforced plastics are becoming increasingly important as they have the following 

advantages over laminates made from individual layers of unidirectional materials(Tsai et.al 1990)  

 Improving formability and drape  

 Bi-directional reinforcement in a single layer 

 Improving impact resistance  

 Balanced properties in the fabric plane 

There is no mathematical modeling for the mechanical properties of woven fiber reinforced 

composite, then approximate one was derived here using the approximation that the woven fibers 

are constructed from two orthotropic unidirectional fiber plays with the effect of bent yearn through 

the weave.       

Consider the 0,90 cross ply composite shown in Fig. 1. 

 

 
Fig. 1. The composite plate of two orthotropic unidirectional fibers is considered as an infinite-end 

satin woven fibers composite. 

 

Using the lamina stress-strain relations then for this laminate for presented plate of two orthotropic 

layers (Rao 1999) 
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Then the an infinite-end satin woven fibers composite properties are  
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For a woven fibers of finite-end satin, the properties will be decreased due to fibers bent assume 

that there a multiplication factors which when multiplied by the infinite-end satin woven fibers 

composite properties give the properties of the woven fibers of finite-satin then:- 
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(4) 

Where WE, WG and W are new factors call the woven multiplication factors for E11, G12, and  

respectively. These factors can be evaluated from the evaluation of these properties experimentally 

which are done in the tensile tests of the 0, 90 composite plates and the woven fibers composites 

formed. 

Now because of the homogenous orthotropic behavior of the woven fiber lamina the mechanical 

properties of angle ply woven lamina were stay covered by expressions  

For angle ply woven lamina (Sharma 2000). 
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(5) 

 

FABRICATION OF LAMINATED PLATES TEST SPECIMENS 

 

Fiber Reinforcements and Matrix Resins 

As mentioned earlier, the fibrous composite laminates fabricated mainly from two main 

constituents, which are the fibers reinforcements, and the unsaturated matrix resin. It is important to 

remember that the inter ply layer, or the adhesive layer between any two successive layer is the 

resin itself with some adding thickness for distinguishing this interply layer. The followings 

demonstrate the physical and chemical specification of these two constituents. 
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 (A) The Fiber Reinforcements 

 The fiber materials used as reinforcements in the presented work are E-Glass, Carbon, and 

Kevlar aramid fibers. Now the compositions, forming, and properties were listed. 

 

I) E-Glass 

 The type used in the presented work is E-glass, which is the material most widely used as a 

reinforced medium for plastic as well as for textile fiberglass product applications. The 

representative chemical compositions of these four glasses are given in Table 1 and the inherent 

properties are given in Table 2. 

 

Table 1 Glass composition 
 

 Material, percentage weight (%) 

Glass type Silica Alumina Calcium oxide Magnesia Boron oxide Soda 
Calcium 

fluoride 

Minor 

oxides 

E-glass 54 14 20.5 0.5 8 1 1 1 

Commercial fiberglass   used in the present work 

A-glass 72 1 8 4 - 14 - 1 

ECR-glass 61 11 22 3 - 0.6 - 2.4 

S-Glass 64 25 - 10 - 0.3 - 0.7 

 

Table 2 Inherent properties of glass fibers 
 

Glass type Specific gravity ult  (MPa) Et (GPa)  (10
-6

/K)
Dielectric 

constant(a) 

Liquidus 

temperature 
o
C 

E-glass 2.58 3450 72.5 5.0 6.3 1065 

Commercial fiberglass   used in the present work 

A-glass 2.50 6043 69.0 8.6 6.9 996 

ECR-glass 2.62 3625 72.5 5.0 6.5 1204 

S-Glass 2.48 4590 86.0 5.0 5.1 1454 

 

II) Carbon Fibers  

 Fiber produced by the pyrolysis of organic precursor fibers, such as rayon, polyacrylonitrile 

(PAN), and pitch, in an inert environment. Carbon fibers typically carbonized in the region of 1315 

oC and assay at 93 to 95% carbon. There are some types of carbon fibers (which their properties are 

available in (Reinhart et.al 1987)), the commercial type was used in presented work is P-55 carbon-

high modulus fiber which its properties are shown in Table 3.   

 

Table 3.Mechanical properties of P-55 carbon-high modulus fiber. 

 

Product name Manufacturing Precursor type Density Kg/m
3
) ult (GPa) Et (GPa) 

P-55 Union Carbide Pitch 2000 1.73 379 

 

III) Kevlar  

 The predominate organic reinforcing fiber used in advanced composites since the early 

1970s has been aramid or aromatic polyamide, known as Kevlar. Kevlar 49 fabric with the 

mechanical properties shown in Table 4 was used in the tests. 
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Table 4.Mechanical properties of Kevlar 49 used in the presented work 
 

Material 
Density 

Kg/m
3 Filament diameter m) 

Et 

(GPa) 
ult 

(GPa)

break 

(%)

Available yarn 

count, No. Filaments 

Kevlar 49 1440 12 131 3.6 2.8 ≈150 

 

(B)The Unsaturated Matrix Resin: 

Two types of matrixes were considered in the tests, which are polyester resin and epoxy resin. 

 

I) Polyester resin 

It is used a chemical compound of reactive polymers (glycol’s or “phthalic” anhydride with the 

acid “malice” anhydride). The compound is sTable liquid for months or even years, as long as the 

carbon double – bonds in the poly –molecular structure, is kept conservative. In his patents, sixty 

years ago, Ellis (Reinhart et.al 1997) discovered that the adding of a reactive monomer (usually 

referred to “peroxide” catalyst or “styrene”) then an exothermic reaction (rejecting heat) or 

“curing” will be set up involving the conversion of double – bond into single – bond through cross 

– linkage polymerization process. The added catalyst initiates and shares the polymer network 

within certain duration time, called the “gel time” of the process. A typical catalyst, frequently used 

in practice, is the (MEKP, refereed to methyl ethyl ketone proxide). In order to decrease the 

unprofiTable much gel time, during the lay – up procedure, an “accelerator” agent may be 

employed for this purpose, like the “cobalt – naphthenate” as being used for a general – purpose 

polyester resin. 

 The new product is, hence, the “saturated” polyester resin. Depending on the mole ratio of 

the phthalic / maleic, and the mass percentage of the catalyst / accelerator agents, the mechanical 

properties of the resin will be cited. Other glycol compounds and additive agents produce wide 

variety of resin type for broad range of applications. Recently, the polyester resin, as refereed to 

“Palatal P50T” (Whitny et.al 1970), is found commercially used and officially approved in German 

standards under DIN 16946. 

 

 (C) Fabric Forms and Materials Used: 

The geometrical aspect of the fibers used in the presented work have the detail shown in Table 5, 

the selection of different fiber materials is to study the effect of it on the properties and impact, also 

the using different fabric forms and weights are to study the fabric effect and to determine the 

woven facture defined in the theoretical part of work. The matrix types and their density are 

tabulated also.  
 

Table 5.materials used in the presented tests 

(A) Fibers 

Fiber material Weave Construction tows/cm Mass/area kg/m
2
 

E-glass 

Plain 2.5*2.5 0.500 

Plain 12.5*12.5 0.260 

5-end satin 5*5 0.280 

Random - 0.450 

Carbon 
Plain 7*7 0.170 

3-end satin 5*5 0.210 

Kevlar 3-end satin 7*7 0.230 

(B) Matrixes  

Polyester = 1268 kg/m
3 Epoxy = 1430 kg/m

3
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Mould Preparation 

There are two groups of samples molded, matrix samples, and layered fiber composite plates 

samples. The matrix samples was made to verifying the mechanical properties of matrix specially 

because the environment conditions and process of molding are vary important parameters 

effecting on the properties, because of that there is no offered properties can be use it directly, then 

the Tensile, Bending, and torsion tests were done. Composite plates samples was made for using 

different fibers and matrix material to verifying mechanical properties and to use them as target in 

the high velocity impact test.   
 

I) Matrix Samples: 

  For product the samples of tests (Tensile, Bending), made one sample for each test from 

pure epoxy with standard dimensions and then used these samples to make the moulds.  

Moulds that used, produced from paste of panes rolled out at pane and then formed the shape of 

each sample on it as shown in Fig. 2. 

 

 
Fig. 2 matrix sample produced from paste of panes rolled out at pane and then formed the 

shape of tensile and bending tests. 

 
Fig. 3 matrix specimens fabricated and used for tests 

 

The tensile test specimens have been produced according to (D638) as shown in Fig. 3.a. The 

tensile test specimens produced for pure epoxy. The tensile test specimens produced using a mould 

shown in Fig. 2, And after solidification made grinding processes for each specimen to get the 

standard dimensions. 

 

II) Composite Plate Samples  

The plate strip specimens used in the investigation were fabricated from the fiber matrix plies, and 

symmetrical lay – up were prepared by using a 30*30cm ceramic open mold with x-ray photo sheet 

painted with wax film to avoid abrasive and inshore flattening as shown in the schematic 
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arrangement shown in Fig. 4, the molder applies a pigments “release” material to the mold, as the 

First step in making any open mold product. Without such material, the part will permanently bond 

to the mold surface. 

 

 
Fig. 4 Schematic of mold of test specimen 

 

Secondly, a pre – measured unsaturated polyester and catalyst  (or matrix) are then thoroughly 

mixed together, and for ensuring complete air removal and wet out, it should cover the base surface 

completely especially at the end edges. 

The Thirdly step is the application of fiber in the resin layer, these woven or chopped fiber layer are 

put in the resin layer and with using brushes and rollers the fiber layer would saturated by resin, 

then another fiber sheet would be putted and return the process until end layer, x-ray photo sheet 

coated with wax will cover the composite and with rolling over all layers to ensuring complete air 

removal. When using polyester resin, the curing step of the specimens, which are a change of 

properties of thermosetting resin by chemical reactions, this process forming a strong three- 

dimensional network thus, the cross- link structure is known as curing.. The curing step related to a 

curing temperature, and curing time Thus, the specimens were cured according to the 

manufacture’s recommendations, in a dryer oven for the recommend time and temperature are 8hr 

and 70 0C respectively (Thompson 2004).  

The pressure applied through the forming of the specimens was optimized from trail and error to 

give approximate 60% fiber volume fraction, which was calculated from the mass fraction, the 

composite volume is equal to the summation of fiber and matrix volumes 

MFc VVV     or    MF vv1   

Where V and v represent the volume and volume fraction respectively, and subscripts C, F and M 

represent the composite, fibers and matrix respectively. 

Form   V m  then 

MMFFcc mmm       

Where m and  are the mass and density respectively. The density of composite plate can be 

calculated from  Vm ccc  , the mass of plate was measured using three digital electronic balance, 

the volume of the plate was measure by hand Verna. 

The mass of fiber can be measured by multiplying the area of all layers times the mass per unit area 

{see Table5} and the density of the fiber is from Tables 2 to 4, then the volume fraction of fiber 

will be calculated using 

 

)V/() m(V/Vv cFFcFF   (6) 
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Manual scissors, rotating grinding, and manual grinding used to cut the plies for the lay-up. For the 

tensile specimens the patterns are necessary. 

 

II) Test samples: 

Three types of composite sample are used which are the tensile test specimens, friction disk 

specimens, and impact test specimens 

Tensile tests were conducted in according to the (ASTM D412) standard(Noble 1996). The test 

specimens, shown in Fig. 5 with strain gauge at center and locate normal to the length to measure 

the lateral stain, any composite where tests for two direction principle, and 30o to evaluate the 

required material properties.  

 
Fig. 5 some specimens use for testing the properties 

 

Tests for Mechanical Properties 

The mechanical properties for matrixes were measured using four tests (tensile, compression, 

bending, and torsion), while the mechanical properties of composites were measured using (tensile 

and friction).              

 

Tensile and Compression Tests: 

Tensile and compression testing device, which used type PHYWE, model D-3300 and has a 

maximum supported load 30KN that displayed by a digital display of a strain gage and measuring 

displacement using a dial gage as shown in Fig. 6.a. In tensile and compression tests used a digital 

camera to record the force and displacement values in each moment to get more accuracy. 
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Fig. 6  (a)Tensile tester   (b)   Microstrain meter 

 

The tensile test was used for matrix and composite, The stress and strain in normal to the load axis 

is L= F / A, and L =  / LG, while the lateral srtain is from strain gauge directly, where the strain 

gauge used is Omega using quarter Bridge (Fig. 6.b) and 120 strain gauge prop was used. Then 

the passion’s ratio can be determined using = -T /L, the modulus of elasticity (E11=E22) and the 

ultimate tensile stress (ult) are evaluated from the stress strain curves. 

For composite specimens the modulus of rigidity can be measured after knowing E11, E22, and 12 

and from Exx evaluated from the tensile test of 30
0 

specimens with m= cos, and n=sin and from 

elasticity relation for orthotropic lamina 
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The unique unknown is G12, which can be calculated. 

For using results for woven composite and the 0,90 composite the new woven multiplication 

factures WE, WG, and W can be calculated from eq. (4). 

RESULTS  

Matrixes 

  

The mechanical properties the matrixes (epoxy and polyester) were found using the tensile, 

compression and torsion tests. The results of these tests are shown in Fig.s (7 to 9), while there 

evaluated properties from these tests are listed in Table 6. 

  It was shown that the epoxy resin used is equivalent to the epoxy casting resin, no filler at 

25oC(Rao 1999). The polyester resin used is equivalent the cast polyester neat resin (Rao 1999). It 

was shown that the epoxy resin have amore strength and modulus than the polyester resin, this 

behavior is known because of the chemical composition bond in the epoxy which were give a 

longer chains and network for its chemical structure. And that is give the same resin for appearing 

the instability point in the epoxy resin and not occurs in the polyester resin. 

 

The compression stress strain curves shown in Fig. 8 show that the epoxy resin has greater 

compression modulus and smaller ultimate compression strength than the polyester resin and these 

results were conventional with the earliest tests (Rao 1999). 

Because of the assumption that the resins were isotropic then the measuring of the modulus of 

rigidity is benefit to evaluate the poisons ratio for the resins and the ultimate shear strength, which 
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is importants with the ultimate tensile strength in the delamination failure criteria used in the 

theoretical parts of the thesis. 

Fig. 9 shows the shear stress shear strain relations for the resins used.  In general the ability of resin 

in the shearing load relative to tensile load is grater than the metallic materials. That is Appear 

clearly for the epoxy resin and less in the polyester resins. 

The summary of the mechanical properties for the epoxy and the polyester are shown in Table 6. 

 

Table 6. The measured mechanical properties for matrixes. 

 

Test → Tensile Compression bending Torsion 

Matrix↓ 
Et 

(MPa) 

σYt 

(MPa) 

σult 

(MPa) 
F 

(%) 

Ec 

(MPa) 

σYc 

(MPa) 

Eb 

(MPa) 

G 

(MPa) 
ul 

t(MPa) 

F 

(%) 


Polyester (p) 933 33.8 58.5 9.4 1276 79.2 1352 324 37.2 13.4 0.44 

Epoxy (e) 1714 47.7 57.6 5.2 1875 76 2563 620 80.6 17.9 0.382 

 

Composites 

Two types tests were used for measuring the mechanical properties of the composites, which are 

the tensile tests and the friction tests. the stress-strain curve for the tensile are shown in Fig.s( 10-

19) . The Fig.s (a) the tensile test in the direction of the fiber, which have a strain gauge to measure 

the lateral stain and the Poisson’s ratio. While the Fig.s (b) represent the tensile tests in the (30
o
) 

inclination angle with the fiber direction to evaluate the modulus of rigidity of the composites. 

It is clear that the effect of the mechanical properties of the matrix type on the overall properties for 

the composite ply. This effect is decreased as increasing the properties of the fiber as in the stress 

strain curve for Kevlar reinforcement shown in Fig. 12. 

The summary of the mechanical properties measured and evaluated from Fig.s (10 to 12) are listed 

in Table 7 

 

Table 7 the mechanical properties of manufactured 0-90 fiber reinforced composite 

 

0-90 specimens Mechanical properties 

Fiber Matrix ult(MPa) E1=E2(MPa) 12 E30(MPa) ult30(MPa) G12(MPa) 

Carbon Epoxy 130 8292 0.048 4714 69 1349 

Carbon Polyester 105 5098 0.044 3105 64 925 

E.Glass Epoxy 87 4183 0.103 2138 59 573 

E.Glass Polyester 79 3957 0.095 2077 46.5 564 

Kevlar Epoxy 210 14241 0.075 5756 97 1422 

Kevlar Polyester 194 11492 0.038 5610 89 1498 

 

The evaluations of the weave factors derived in the theory were needed to measure the mechanical 

properties of the woven composite. The stress strain relations for the tensile tests of the different 

weave structure of the fibers were shown in Fig.s (13 to 19). The same effects of the matrix types 

were found as in Fig. 13, for this reason and because of the lower cost of the polyester resin the 

polyester resin were used for the other types of woven fiber composites. 

It was shown that the epoxy matrix not only gives larger properties than polyester but also give 

large woven factors. This is because of its higher properties.  
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The composite properties were affected directly with the fiber properties. This cause the largest 

properties for the Kevlar fiber composite shown in Fig. 19 and less for the carbon fiber composites 

{Fig.s (17 and 18)} and the lowest in the glass fiber composites {Fig.s (14 and 17)}.  

The study woven style was affecting on the fiber composite properties as shown in Fig.s (12 to 16), 

the meshing size affect was shown for Fig. 13 and Fig. 14. It was shown that the greatest mesh size 

{Fig. 13} give large Young modulus and tensile strength than the low mesh {Fig. 14}. This is due 

to the largest consolidation through the weave for the largest mesh size. In the addition that the 

largest mesh size give lower number of the fiber bents. 

The different weave styles for the same mesh size was not available through the period of the work, 

but the results for the available weave give that the increasing the number of end satin cause 

increasing the ultimate stress and Young modulus and the woven factors because the increasing the 

number of satin give to reaching to the infinite satin for E-glass and Carbon fibers. This conclusion 

can be generalized to all types of woven fiber. 

The chopped random E-glass has the stress strain relation shown in Fig. 16, the random fiber was 

not need to find its modulus of rigidity using inclination tensile test because of it isotropic behavior 

 

The results were summarized in Table 8   

From Table 8 it was shown that the Kevlar composite material has higher woven factors than the 

carbon and E-Glass composites, that is because the higher modulus for the Kevlar with it flexible 

yarn give more closely to the unidirectional fibers than that for the other types of fibers. The 

composite with epoxy matrix has higher woven factors than that for polyester matrix composite, 

this is because of higher modulus for epoxy. The satin weave composites have higher woven 

factors because of there geometries that were approaching to the cross unidirectional composite as 

the satin increase and be the same for an infinite satin woven composite as discussed previously.  

 

Table 8. The measured mechanical properties for the composites manufactured. 

 

Composition Woven composite ply 0-90 composite ply Woven factors 

Fiber Matrix Style 
No. of 

Layers 
h 

(mm) 

ult 

(MPa)

E1=E2 

(MPa) 
G12 

(MPa) 

ult 

(MPa)
E1=E2 

(MPa) 
G12 

(MPa) 
WE Wult WG 

E-Glass Epoxy 
Plain 

(2.5*2.5) 3 1.8 53.94 2611 0.096 473 87 4183 0.103 573 0.79 0.62 0.83 

E-Glass Polyester 
Plain 

(2.5*2.5) 3 1.82 46.61 2226 0.112 474 79 3957 0.095 564 0.75 0.59 0.84 

E-Glass Polyester Plain 
(12.5*12.5) 6 1.9 43.45 2051 0.093 448 79 3957 0.095 564 0.72 0.55 0.79 

E-Glass Polyester 
5-end satin 

(5*5) 5 1.75 41.08 2138 0.045 455 79 3957 0.095 564 0.74 0.52 0.81 

E-Glass Polyester Random 4 1.8 32.39 3184 0.231 1293 79 3957 0.095 564 - - - 

Carbon Polyester 
Plain 

(7*7) 
6 1.72 54.6 3023 0.061 583 105 5098 0.044 925 0.77 0.52 0.63 

Carbon Polyester 
5-end satin 

(5*5) 5 1.7 59.85 3512 0.085 550 105 5098 0.044 925 0.83 0.57 0.59 

Kevlar Polyester 
3-end satin 

(7*7) 6 1.85 166.8 9517 0.043 852 194 11492 0.038 1498 0.91 0.86 0.57 
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Fig. 7 Experimental tensile Stress-Strain curves for polyester (p) and epoxy (e) tensile test 

(Tensile speed = 3mm/min). 

 

 
Fig. 8. Experimental compression Stress-Strain curves for polyester (p) and epoxy (e), 

Compression test (Compression speed = 3mm/min). 

 

 

 
 

Fig. 9. Experimental Shear Stress- Shear Strain curves for polyester (p) and epoxy (e), 

Torsion test 
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Fig. 10. Tensile stress-strain curves for 0-90 carbon reinforced {polyester (p) and epoxy (e). a) 

0
o
, b) 30

o
 

 

 
Fig. 11. Tensile stress-strain curves for 0-90 E-glass reinforced {polyester (p) and epoxy (e). a) 

0
o
, b) 30

o
 

 
Fig. 12. Tensile stress-strain curves for 0-90 Kevlar reinforced {polyester (p) and epoxy (e). a) 

0
o
, b) 30

o
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Fig. 13. Tensile stress-strain curves for plain-woven E-glass fiber (2.5*2.5) reinforced 

{polyester (p) and epoxy (e)}. a) 0
o
, b) 30

o
 

 
Fig. 14. Tensile stress-strain curves for plain-woven E-glass fiber (12.5*12.5) reinforced 

polyester. a) 0
o
, b) 30 

 
Fig. 15. Tensile stress-strain curves for 5-end satin woven E-glass fiber (5*5)) reinforced 

polyester. a) 0
o
, b)30

o
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Fig. 16. Tensile stress-strain curves for random chopped E-glass fiber reinforced polyester 

 

 
Fig. 17. Tensile stress-strain curves for plain-woven carbon fiber reinforced polyester. a) 0

o
 

 b) 30
o
 

 

 
 

Fig. 18. Tensile stress-strain curves for 5-end satin woven carbon fiber reinforced polyester. a) 0
o
, 

b) 30 
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Fig. 19. Tensile stress-strain curves for 3-end satin Kevlar fiber reinforced polyester. a) 0

o
, b) 

30
o

 

 

 

* CONCLUSIONS 

The tensile test for cross play and woven composite were done to evaluate the ratio of mechanical 

properties for the woven composites to that for cross composite, which were call the woven factors 

for woven composite materials. It was shown that the woven composites have lower mechanical 

properties than the cross ply composites. The Kevlar composite material has higher woven factors 

than the carbon and E-Glass composites. The composite with epoxy matrix has higher woven 

factors than that for polyester matrix composite. The satin weave composites have higher woven 

factors for different types of fiber composites.  
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 الخلاصة 

 

عانَت الأداء نسَطسة عهي تَااز سراسعت يحاسل انةطاوة ان جاٍَ انانسَطسة الأتجاهَت  ُفَد طسٍقترا انبحث ٍقوو بته

(HSM   )هرِ انفائدة الأرارَت ياٍ يحساااث انةطاوة عهاي  اساز الأَاوا  .  را انًحسلنتحسٍَ الأداء اندٍُايٌ ن

انةطاوة ايَاسة  أٌ يحسااث. ٌءطسٍقت انسَطسة ذاث انحهقت انًفتوحت تبٍَ أداء دٍُايٌ ر. الأخسى يٍ انًحسااث

ساَطسة ذاث انحهقات انًفتوحات طسٍقات ان، عهاي أٍات حاال. حسااث اندقَقت انتٌ تتطهب دٍُايَات عانَاتالأرتعًال فٌ ان

طسٍقات انساَطسة الأتجاهَات راوس تحساٍ الأداء . هقت تكوٌ يطهوبتغ َس اافَت، نرا طسٍقت انسَطسة ذاث انحهقت انً

بأراااتةداو بسَااااي   HSMتاااى تماااًَى ستُفَاااد ًَاااوذة يحاااسل انةطاااوة ان جاااٍَ . انااادٍُايٌ نهًحساااااث انةطاااوة

MATLAB/ SIMULINK  . ًٌَااوذةأ HSM خطَاات اناارً تًياام عًاام لايسااتُد عهااي اناادسائس انًكاف اات ان

ستاى انحماول (  RDK) َتائ  اندائسة انعًهَات يع (  HSM) َتائ  انًحاااة نهًحسل ان جٍََ  تى يقازَت. انًحسل

 .ب فٌ انُتائ عهي أتفاق قسٍ

 

ABSTRACT 

          This paper presents a high performance vector control approach of the current 

and speed for Hybrid Stepper Motor (HSM) to improve the dynamic performance of 

the motor. This is the basic advantage of stepper motors over other types of motors. 

The open loop controller shows a poor dynamic performance. The stepper motors are 

widely used in precise motions which is required a high dynamic. However, an open 

loop control is insufficient, so a closed loop control is required. The field oriented 

control will improve the dynamic performance of the stepper motor which becomes as 
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a high- dynamic ac- servo. A design and implementation model of HSM using in 

MATLAB/ Simulink is given. The model is based on nonlinear equivalent circuits 

representing the operation of the motor. The simulation results of the HSM are 

compared with practical results of reference design kit (RDK) stepper motor, and a 

close agreement is noticed. 

 

 

INTRODUCTION 

 

The HSM is used in many applications [1], such as robotics system, printers and 

consumer electrics. The HSM is a double salient machine which incorporates a 

permanent magnet in the robots as described in [2]. Stepper motors are a class of 

electromechanical device used to produce discrete or non-continuous motion. Stepper 

motor fall within a broader class of devices known as incremental motion devices, 

which include incremental actuators and other digital control devices used in motion 

control. Stepper motor is a synchronous motor with the magnetic field controlled by 

using electronic switches to rotate the rotor [3]. The theory of stepper motor is similar 

to a permanent magnet synchronous motor. The motor rotation not only has a direct 

relation to the number of the input pulses, but its speed is related to the frequency of 

the pulses [1]. However, precise position, velocity, or acceleration control is required 

and when very small steps of control are necessary, electrical stepper motors have 

many advantages. 

In the open loop control, the HSM can produce only 50% of its nominal torque. A 

large torque reserve is required to overcome any load variation. In this classical 

control scheme there is no feedback of load position to the controller. The motor must 

response to each excitation change. If the excitation changes are made too quickly the 

stepper motor can lose steps and, therefore, it is unable to move the rotor to the new 

demanded position. So a permanent error can be introduced between load position and 

position expected by the controller. All these limitations can be overcome with a 

closed loop controller. In this case, the motor requires a rotor position sensor for 

providing the proper commutation sequence. 

In the classical control scheme the stepper motor is driven by a discrete sequence of 

current pulses. Regular stepping introduces large overshoot, resonance and torque 

ripple problem which have plagued the stepper motor for a long time. In order to 
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reduce these problems, a micro-step excitations are applied to inject various ratio 

currents into phase coils. So the position resolution will be improved [4]. The HSM is 

a two phase synchronous machine and can be driven as the permanent magnet 

synchronous motor (PMSM). A better performance of the HSM can be obtained by 

driving it with field oriented control (FOC), rather than stepping [5]. In this paper, we 

present experimental results of the field oriented control for a new speed and position 

estimation strategy of HSM drive. Finally, a simulation of the nonlinear model of the 

HSM is done. The simulation and experimental results show the validity of the 

proposed vector control approach.  

 

- MATHMATICAL MODEL OF HSM      

 

The motor considered in this paper is a two phases HSM with the following 

assumptions: 

 Non-salient pole structure (uniform air gap). 

 Sinusoidal winding distribution, i.e. (sinusoidal flux distribution). 

 Negligible magnetic saturation and iron losses. 

 Constant self inductances. 

With these assumptions, the equivalent model of the HSM with two- phases winding 

on the stator and no windings on the rotor is shown in Fig.1. 

 

 

Fig.1. The equivalent circuit of a two phase HSM. 

 

The HSM can be described by a set of voltage differential equations [6]. 

 

av = R ai  + L d ai /dt -  Km w m  sin(Nr θ m )                                                                (1) 
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bv = R bi + L d bi /dt + Km w m  sin (Nrθ m +90)                                                           (2) 

 

 

Where, 

ai  and bi  = Current in phase (a) and phase (b) (A).                                          

av  and bv  = Voltage in phase (a) and phase (b) (V). 

R    = Resistance in each phase (ohm). 

L     = Self inductance in each phase (h). 

Nr   = Number of stator pole. 

Km  = Motor torque constant. 

w m = Mechanical angular speed of the rotor (Rad/Sec).           

θ m  = Mechanical angle of the rotor (Rad). 

The electromagnetic torque in the air gap is given by the following equation: 

 

Km ( - ai  sin(Nr θ m ) +  bi  sin(Nr θ m  +90)) - TL = Jdw m  / dt + Bw m                     (3)   

 

Where, 

TL = Load torque (Nm). 

J = Moment of inertia (kg.m²) 

B = Viscous friction coefficient (Nms/R). 

Finally, the equation for angular velocity of the rotor completes the HSM model: 

 

w m =  dθ m  / dt                                                                                                             (4) 

 

The relationship between electrical and mechanical angle (position) of the rotor is 

given by: 

 

θ e = Nr θ m                                                                                                                    (5)                                                    

                                                                                                                                    

The mathematical model of HSM in (a-b) reference frame called (stator reference 

frame) is not suitable for speed control process, because the model has time varying 

quantities (voltage, current, and mutual inductances) that can lead to make solution 
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of motor equation is very complicated. It is possible to eliminate time varying 

quantities by using the Park transformation while allows conversion of the stationary 

reference frame fixed on the stator (i.e. (a-b) components) into reference frame fixed 

on the rotor (i.e. (d-q) components), where (d) stand for direct axis and (q) for 

quadrature axis. The (d-q) reference frame can obtained by rotates (a-b) reference 

frame by an electrical rotor position (Nr θm) as shown in Fig.2. 

 

 

Fig. 2: Transformation of (a-b) to (d-q) reference frame. 

 

The equation of Park transformation can be expressed as [7]. 

 










q

d

f

f
 = e

sK  








b

a

f

f
                                                                                                        (6) 

 

Where, ( e

sk ) is the Park transformation matrix  which is given by: 

 

 

e

sK  =   




 )sin(

 )Nrcos( m

mrN 


         





)cos(

)sin(

mr

mr

N

N




                                                                   (7) 

 

Now, multiply equation (1) through (4) by Park transformation and rearrange these 

equations to obtain new model HSM in (d-q) reference frame as: 

 

dsv  = R dsi + L 
dt

dids  - L N r  m  qsi                                                                             (8) 
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dsv  = R qsi  + L 
dt

diqs
 + L N r  m  dsi  + K m  m                                                           

(9) 

 

K m  qsi  - T l  = J 
dt

d m
 + B m                                                                                   (10) 

dt

d m
 = m                                                                                                                  (11) 

 

- VECTOR CONTROL PRINCIPLE 

 

During the past decade, several authors have presented the principles of vector control 

of AC motors [3, 8]. However, the vector control principle consists of controlling the 

angle and amplitude components of the stator field. For ease of motor equation 

representation, the components of the stator current are represented in a rotating 

reference frame (d-q) aligned with the rotor axis, i.e., with the magnet flux. The motor 

torque for a permanent magnet machine as in HSM depends only on the quadrature 

(q) current (torque) component. In this case, the most convenient control strategy is to 

set to zero the direct (d) current components to minimize the torque versus the current 

ratio and then increase the motor (and converter) efficiency. The control of current 

components requires the knowledge of the instantaneous rotor position. It can be seen 

that field orientation can be implemented when the winding current are adjusted so as 

to produce a current space vector that lies exclusively in the quadrature direction by 

setting direct current component equal to zero (id = 0). Torque will then be 

proportional to the magnitude of the current space vector. The block diagram of the 

proposed method of vector controlled HSM is shows in Fig. 3. 
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Fig. 3: Block diagram of vector controlled HSM [3]. 

 

This vector control scheme consists of a speed PI controller and two current PI 

controllers in the synchronous reference frame. The rotor speed is measured using 

encoder and the rotor position is calculated by integrating rotor speed (1/Nr) with 

respect to time. A low Pass Filter (LPF) has been used to eliminate the effect of 

unwanted high frequency signals that may be introduced during the measurements 

processes. However, for the conventional modules of vector control such as Park and 

Inverse Park transformation, sinusoidal PWM generation module, and a double H-

Bridge power inverter are also included as well as the controlled HSM . 

 

- POWER CONVERTER DESIGN 

The HSM will be supplied by two identical H- bridge bipolar voltage source inverters 

as shown in Fig.4 (a, b). 

 

Fig.4.a: H- bridge (1) bipolar voltage source inverter [1]. 
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Fig.4.b: H- bridge (2) bipolar voltage source inverter [1]. 

 

Transistor (MOSFET) has been used as switching elements in the H- bridge inverter. 

These elements will control using the well known Sinusoidal Pulse Wave Modulation 

(SPWM) technique. However, the output voltage and the reference voltage 

waveforms from H- bridge inverters (1) and (2) are obtained using MATLAB/ 

Simulink as shown in Fig.5 and Fig.6. 
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Fig.5: Output voltage from H- bridge (1). 
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Fig.6: Output voltage from H- bridge (2). 
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From these results, it should be noted that the output phase voltage is shifted by (90º) 

due to the fact that the supplied HSM consist of two phase windings. 

 

- SIMULATION OF HYBRID STEPPER MOTOR 

                               

The open loop pulse width modulation HSM system consists of the test input in the 

form of sine and cosine of 50Hz frequency and SPWM has been used to control the 

magnitude and frequency of AC output voltage of an inverter are shown in Fig.7. The 

simulated hybrid stepper motor is shown in Fig. 8, HSM can be divided into two 

subsystems, the electrical system and the mechanical system. In the open-loop control 

scheme, there is no feedback information of a position to the controller, and therefore 

it is imperative that the motor must respond correctly to each excitation change. If the 

excitation changes are made too quickly, the motor is unable to move to the new 

demanded position and consequently there is a permanent error in the actual position 

compared to the position expected by the controller. The vector controller is applied 

for closed-loop system to avoid the problems in open one. The idea of vector control 

is to study the effect of motor controller (speed and current controllers) on the 

performance of overall system, and to demonstrates how the value of switching 

frequency can contribute to change the performance of the proposed vector control of 

HSM, one technique  have been studied through simulation by using MATLAB/ 

Simulink. High switching frequency is used to avoid the ripple in low frequency. The 

proposed vector control of HSM will be simulated using MATLAB. The values of PI 

controllers are used in the simulation. System's simulations were performed using a 

model of the HSM as shown in Fig. 9. The parameters of the motor are used in the 

modeling of HSM. These parameters are the same as that for real motor and they are 

used in the experiments and will be kept constant during simulations. 
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Fig.7: Open loop system. 

 

 

 

 
 

 

 

Fig. 8.a: Hybrid Stepper Motor Electrical part. 

 

 

 

 
Fig. 8. b: Hybrid Stepper Motor Mechanical part. 
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Fig. 9: Closed loop system. 

 

- SIMULATION RESULTS 

 

The simulation system consists of open loop system and closed loop system 

 

OPEN LOOP RESULTS 

Fig. 10 shows the currents for phase A and B of the stepper motor when load torque is 

0.25 (Nm) and carrier frequency is 20 (KHz) sinusoidal current. The phase current 

oscillations occur as effect of PWM inverter. 
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Fig. 10: Simulated windings current for phase (A,B) at 0.25 Nm load torque. 

 

Fig. 11, Fig. 12 and Fig. 13 illustrate the dynamic behaviour of the motor when the 

load torque is 0.25 (Nm) and carrier frequency is 20 (KHz). The motor torque and 

speed contain oscillations due to PWM inverter. 

 

 

Fig. 11: The position of HSM at 0.25 Nm load torque. 

 

Fig. 12: The speed of HSM at 0.25 Nm load torque. 
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Fig. 13: The torque of HSM at 0.25 Nm load torque. 

 

 

CLOSED LOOP RESULTS 

 

The switching frequency of the PWM inverter is 20k Hz. According to the vector 

control principle, the stator currents can be transformed into a frame of reference 

which is moving with the rotor flux. Therefore, optimal utilization of the machine is 

achieved if the stator current is only fed in the quadrature axis (id = 0). This condition 

can be attained by selecting suitable value of speed and current controller parameters 

through tuning procedures. However, this idea has been confirmed when we obtained 

the winding current in (d-q) reference frame. Fig.14 shows the winding current in (d-

axis), and Fig.15 illustrates the winding current in (q-axis). 

From these result, it can be observed that after 0.01 sec the winding currents remain 

constant and thus the motor is in steady state mode. Also, the current waveforms have 

few harmonics because the selected value of switching frequency was high enough to 

eliminate these harmonics. During startup, the speed of the motor will increase until 

reaching the desired speed at 0.25 sec as shown in Fig.16. In Fig.17, the rotor position 

is reported in steady state with a desired speed of 100 (rad/sec). 



Q. S. AL- Sabbagh                                                               Pulse Width Modulation For High  

A.S. Mahdi                                                                            Performance Hybrid Stepper Motor  

 

 8266 

 

Fig.14: Simulated winding current in (d-axis) with high switching frequency. 

 

 
Fig.15: Simulated winding current in (q-axis) with high switching frequency. 
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Fig.16: Motor speed response with high switching frequency. 

 



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 8260 

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
0

20

40

60

80

100

120

140

160

180

200

time (sec)

po
si

tio
n 

(s
te

ps
)

 
Fig. 17: Motor rotor position with high switching frequency. 

 
 

- EXPERIMENTAL SETUP 

 

The Stellaris stepper motor control reference design kit (RDK) contains all the 

necessary hardware and software design, and integrate stepper motor applications. 

The stepper RDK design kit consists of a board containing a Stellaris® 

microcontroller, motor drive electronics, a stepper motor, and firmware to run the 

motor. The stepper RDK microcontroller is shown in Fig. 18. The stepper RDK 

includes the following product features: 

 

 Advanced PWM control of bipolar HSM. 

 Software-based PWM control to operate high-torque steppers at high   step rates. 

 Fast and slow decay modes. 

 Full-step, half-step, micro-step, and wave modes. 

 High step rates up to 10000 steps / sec. 

 Programmable holding current. 

 

The stepper RDK firmware is designed to show how stepper motor control can be 

done using a Stellaris microcontroller and motor drive circuits. All of the stepper 

sequencing is performed in the microcontroller; no external stepping logic is required. 

The stepper RDK firmware provides maximum flexibility by implementing three 

different methods for controlling the stepper motor winding current. It also provides a 

number of user adjustable parameters which allows experimentation to find the best 

settings for use in a particular application. The firmware is implemented as 

several layers, with a well defined stepper Architecture Programming Interface 
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(API) to make it easy to integrate with a user’s application code. It includes, as the 

application, a user interface which is used for demonstrating how to use the stepper 

firmware. The user interface can be used initially for experimenting with the motor 

and settings, and can later be replaced by the real application software. There are two 

user interfaces: an on-board interface, and an off-board interface. The on-board 

interface uses a potentiometer knob, a button, and two LEDs to operate the stepper 

motor. The off-board interface uses a USB-connected serial port and graphical 

application which provided extensive control of the firmware. Refer to the stepper 

RDK user’s manual for details of using the on-board and off-board interfaces. 

 

 

Fig. 18: Stepper Motor Control Board. 

 

- EXPERIMENTAL RESULTS 

 

The experimental results introduced in this section will be used to verify the 

effectiveness and performance of the proposed vector control of HSM. However, the 

proper information about rotor speed and position is required and essential for real 

time implementation of the high performance vector control. In closed loop PWM 

stepper motor system, Fig. (19, 20, 21) show the current and speed of the steady state 

of the motor when target speed is 221 (steps/sec), target position is 3475 steps, carrier 

frequency is 20 (KHz) and constant load torque is 0.25 Nm when the mode of phase 

excitation is full-step, half-step, micro-step. In full step excitation, two phases HSM 

has a step size of 1.8 degrees and 50 rotor teeth corresponding to 200 steps per 



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 8266 

revolution. In half step excitation, two phases HSM has 400 steps per revolution 

causing the rotor to rotate at half distance so that amplitude of the current will be 

reduced. Advantage of a step motor operation in half step mode is position resolution 

increased by a factor of two compares to full step mode. In micro step excitation, the 

current is change in the windings in fraction of rated current so that increased step 

position resolution as result of a smaller step angle.  

 

 

 

 

Fig. 19: Current and speed of HSM for full-step and 221(steps/s). 
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Fig. 20: Current and speed of HSM for half-step and 221 (steps/s). 

 

 

 

 

Fig. 21: Current and speed of HSM for micro-step and 221 (steps/s). 
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CONCLUSIONS 

 

The proposed vector control of HSM using state estimation has been found to be well 

suited to the speed and rotor position estimation of the HSM. The developed method 

can be extended for the estimation of any other set of parameters/states in HSM 

control and may also be used with other control methods which require the accurate 

knowledge of a high number of parameters. It has been illustrates that the HSM can 

be transformed into a highly dynamic brushless DC- motor with vector control. This 

can lead to overcome the usual problems of HSM such as high currents, overheating 

and acoustic noise. To compare the results for speed and current between simulation 

and practical circuit, it found that the practical speed results are symmetrical to the 

simulation speed results but the current in practical results are less oscillation than 

simulation because simulation circuit used PI controller in closed loop system to 

control the current and speed of HSM while in practical circuit LM3S617 

microcontroller is used to control the speed and current of HSM. PI controller 

depended on principle of trial and error to adjust the proportional and integral gain 

while LM3S617 depend on the accuracy of the software and electronic device. 
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ABSTRACT  

      An analytical modeling of natural convection in physically-based analysis is developed for 

investigate free convective heat transfer in horizontal eccentric annulus between a circular outer 

cylinder and heated different shape inner envelope with used four models of the shapes of the 

inner cross section of (circular, triangular, square and hexagon inner boundary). The main 

objective of this paper was taking a composite model based on asymptotic solutions for three 

limiting cases: pure conduction, laminar boundary layer convection and transition flow convection. 

Laminar conditions up to Rayleigh number RaPi of 5×10
4
 were investigated. By using data from 

MATLAB simulations for a wide range of two cylinder temperature difference in order to study 

the effects of annulus diameter ratio, Rayleigh number, and the cross section geometries of inner 

cylinder on the Nusslte number and the ratio of thermal conductivity. The numerical result 

illustrated for the circular the increasing the Rayleigh number leading to slightly increasing the 

non-dimensional Nusslte number with various value of annulus diameter ratio and when used the 

high annulus perimeter ratio (Po/Pi( about (4.5,2.6,1.6 and 1.175). There is rapid increasing in the 

non-dimensional ratio of thermal conductivity with increasing the Rayleigh number at the high 

values of (Po/Pi(, and the result showed that the non-dimensional ratio of thermal conductivity and 

the Nusslte number values of the (triangular, square and hexagon) less than in the case of circular 

inner boundary, but the hexagon model showed the Nusslte number more that than in the 

(triangular and square). the mathematical results compared with model developed by pervious 

numerical the model and data are in good agreement, with an average RMS difference of 10.6% 

for the circular annulus of dimensional Nusselt number (NuPi) and less than 4.9 % and 9.8% for the 

square inner geometry non-dimensional ratio thermal conductivity. 

 

Keywords: laminar boundary layer, transition flow, conduction shape factor. 

 

دراسة تأثير انشكم انهنذسي نهحذود انذاخهية عهى انتقال انحرارة بانحمم انحر داخم اسطىانتان افقيتان 

 متحذتا انمركز

 انخلاصة
ذت  ذوتىيصي وتالرحليتل الييطيتا ي لهتسي اليمليتح  لاورقتا  الحتصاشج تالحمتل الحتصيرضمه الثحس الحالي استردرا  الىمسظتح الرحليليتح      

والاستتوىاوح  الافقيتتح تتتيه الاستتوىاوح الداشظيتتح الرا صيتتح ذا متتاازض متته الاستتوىاواخ مرحتترج المص تتط ذاختتل ومتت لرشاستتح الحمتتل الحتتص

الص يدتي مته الهتر  . مته ييتس المقوتل اليص تي (المصتيتح و الدراستيح , المصلصيتح )هتي  ها الى شلاشح اشكا ذ  ذغييصالري  الراخليح

الوثقتح المراخمتح الحصاشيتح , ز مىتاق  يصاشيتح هتي الرى تيل ال تص  لتصلاومىزض مص ة مدرىر الى الحل الرىا تص  الثحس هى 

10×5لقتي  شالتي الا ثتص مته لظتصو  الوثاييتح ص تد فقتل لوالرشاستح ذي .لمىاق  الحمل الحتص والاورقتالي
4
وتاستردرا  محا تاج .   

ودتة  متهاسرق تا  ذتيشيص  تلا ذت   ه ذشظاخ الحصاشج تيه الاستوىاوريهيصوق واسيح مل MATLABالمياذلاخ تثصوامط الماذلاب 

يتي  ودتثح المى تليح و تيتر لاشيت  ودتلد ال ىوتل اليص تي للاستوىاوح الراخليتح  لتوشتكل المق  وشي  شاليمحيواخ الاسوىاوريه 

 محيوتاخال لىدتة دلد اللاتيتر شي  و الطياذج في يي  شالي ذؤذ  الى ضياذج في يي  صيحواو حد الىرا ط الىظ  .الحصاشيح اللاتيريح
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(Po/Pi) ليتح ا ىتر القتي  اليوهىاك ضيتاذج مردتاش ح لقتي  ودتثح المى تليح الحصاشيتح اللاتيريتح  1.175 ,4.5,2.6,1.6).)ذرصاوح تيه

ايتل ممتا مىظتىذ فتي الىمتىزض الترا ص   دتلدشيت  وييوتي ( المصتيتح و الدراستيح , المصلصيتح )وان اسردرا  الىمازض  محيواخاللىدة 

ويىشوتد  يكىن ايصب لحالح الىمىزض الرا ص  مه تقيتح الىمتازضو( المصتيح والمصلصيح )مه الىمازض ا ثصيكىن  الىمىزض الدراسي لكهو

يتي  شيت   الدتاتقحالثحتىز قاشوتح متل ورتا ط م ىتر ال%  64.8ر ذقتاشب تقيمتح ووظت الىرا ط مل الىرا ط الصيا يح لثحىز ذحليليح ستاتقح

 .لىمىزض مصتل المى ليح الحصاشيح اللاتيريح لقي  ودثح % 0.6و%   6.6و لىمىزض ذا ص  ودلد اللاتير 

 

INTRODUCTION 

The process of natural convection heat transfer in annular space was the subject of many 

theoretical and experimental studies because of their great importance in many engineering 

applications. This process is of technological importance in the design of heat exchanger device, 

solar collectors, cooling of electrical and electronic components, underground electric transmission 

cables using pressurized gas and others. The majority of these studies are related to cylinders, 

whose cross sections are circular and their walls are maintained at constant temperatures. For 

natural convection in an annulus. The laminar boundary layer flow limit and the low Rayleigh 

number transition flow limit (Char and Hsu, 1998). The effect of vertical eccentricity and 

temperature dependent properties are investigated numerically by (Shahraki 2002) and (Char and 

Lee, 1998) numerically the effect of maximum density on natural convection of micropolar fluids 

between horizontal eccentric cylinders. Considerable works was done on investigating natural 

convection in horizontal annuli with inner cylinder only (Yoo, 1996), (Elsherbiny and Moussa, 

2004) and (Alshahrani and Zeitoun, 2005). (Glakpe and Asfaw, 1987) use the numerical prediction 

of laminar natural convection in two-dimensional enclosures with inner bodies of irregular but 

basically cylindrical shape is the subject of thier paper. This problem models, for example, the 

fluid dynamics in a nuclear spent-fuel storage container in which the inner body represents tight 

water or a fast breeder reactor fuel assembly. The solution method described employs a no 

orthogonal coordinate system in which the surfaces of the inner and outer boundaries coincide 

with coordinate surfaces. The coordinate system is generated with simple algebraic expressions. 

The transformed equations of motion and energy are derived on a control volume basis with 

central and upwind finite differences. Details of the derivation are provided. The discrediting 

equations are solved within the framework of the simplest scheme for orthogonal systems. And 

(Chang et al., 1983) Study the horizontal annulus with different inner and outer boundary shapes 

are presented in the literature. Those that include average heat transfer as 1.96≤ (Po/Pi) ≤ 3.93 and 

4×10
3
 ≤ RaPi ≤ 3.2×10

6
 include the concentric inner square.  

(P. Teertstra et al., 2005) presented a analytical model is developed for natural convection 

in the two-dimensional region formed by an isothermal, heated horizontal cylinder concentrically 

located in a larger, cooled horizontal cylinder. The model is comprised of a combination of three 

asymptotic solutions, the diffusive limit, the laminar boundary layer limit, and the transition flow 

limit, and is applicable to a wide range of aspect ratios and inner and outer boundary shapes. 

Validation of the model is performed using numerical and experimental data from the literature for 

the circular annulus and a number of other geometries. The model and data are in good agreement, 

with an average RMS difference of 6% for the circular annulus and less than 9% for the other 

geometries. 

(H. L. Zhang et al., 2007) presented a numerical computations are performed for the natural 

convection in circular enclosures with inner polygonal cylinders. The polygon surface and the 
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outer envelope are at constant but different temperatures. A body-fitted coordinate system is used. 

The coordinate system is generated via simple algebraic equations. The transformed governing 

equations are discredited on a control volume basis with power-law finite difference scheme. The 

SIMPLE-like algorithm is used to deal with the linkage between pressure and velocities. The 

numerical results are compared with the experimental data available in the literature, and the 

agreement between the numerical and experimental results are very good. 

Alshahrani and Zeitoun, (2006) perform study on natural convection heat transfer between 

two horizontal concentric cylinders with two fins attached to the inner cylinder was numerically 

investigated using finite element technique together with SIMPLER algorithm. Laminar conditions 

up to Rayleigh number of 5×10
4 

were investigated as well as effects of annulus diameter ratio, fin 

length and fin inclination angle on this type of flow. 

 Through literature survey showed that comparatively little work was focused on natural 

convection in annuli with change the shape of the inner cylinders on natural convection in 

horizontal annuli. The main objective of this paper validate model using numerical data full range 

of RaPi from convection applicable to wide range of geometries relative boundary sizes circular 

annulus annuli with different inner, outer boundary shapes 

 

PHYSICAL MODEL AND FORMULATION 

Analytically based models that utilize readily available information, such as physical 

dimensions, thermo physical properties and average temperature or heat flux values for boundary 

conditions, provide the engineer with a set of analysis tools perfectly suited for the initial phases of 

the design. These models can also be easily implemented into design tools using a variety of 

platforms, including symbolic mathematics software such as MATLAB, or in a spreadsheet 

environment such as Excel. The geometry dimensions and the ratios of the perimeter of the 

horizontal annuli used in this search provide in the Table (1).  

The problem of interest, as shown in Figure. 1, involves natural convection in an annular 

region with uniform temperature boundary conditions Ti and To on the inner and outer surfaces, 

respectively. In all previous studies, the geometry of the annulus is expressed in one of two ways. 

The first uses the aspect ratio, a non-dimensional quantity defined as do/di, with values for all 

configurations limited to the range:  

1 < 
i

o

d

d
 < ∞ 

The second method used to express the annulus geometry is the gap spacing δ, defined by: 

     
2

io dd 
     0< <∞                           (1) 

where δ is defined as the distance between the centers of the inner and outer cylinders. In all 

cases, the annulus length L is assumed to be large compared to the diameter, such that all heat flow 

in the axial direction can be neglected. The independent parameters are non-dimensionalized by 

the Rayleigh number, defined using the overall temperature difference, ∆T = Ti −To, and the 

perimeter of the inner body, Pi, is selected as the characteristic length for the horizontal annulus 

problem (P. Teertstra et al., 2005): 
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 3)( i
pi

PTg
Ra


                                          (2) 

The Rayleigh number is also widely used, especially for fluids with Pr larger than one, such 

as water or various oils. Where the thermophysical properties (pr, k, α, ν) are determined the bulk 

fluid temperature, Tb, which can be approximated by the arithmetic mean was (47.5 
o
C). 

2

)( oi
b

TT
T


                              (3) 

The Problem Definition:  

 2D horizontal annulus  

 Steady state, natural convection  

 Concentric inner and outer cylinders  

 Isothermal boundary conditions, Ti > To 

 And the non-dimensional Geometry Relative boundary size: 

ioio ddPP   

In this paper will be used four inner characteristic lengths for the following boundaries: 

circular, triangular, square and hexagon (Pi = π di, 3b, 4b and 6b) respectively from Table (1). (P. 

Teertstra et al., 2005), (Michael et al., 2006) and (Culham, et al., 2004) present an analytical 

method for calculating the total heat transfer rate in regions bounded by an arbitrarily shaped 

heated inner body and an arbitrarily shaped surrounding cooled enclosure. The general formulation 

of the model represents a combination of three asymptotic terms, corresponding to the three modes 

of heat transfer representing the enclosed fluid region. Assume linear superposition of diffusive, 

convective limits (P. Teertstra et al., 2005): 

convPipi NuSNu 
*

                  (4) 

For the model validating, the model for natural convection in the horizontal annulus is 

validated using experimental and numerical average heat transfer data for four different geometries 

from the literature, having both similar and different inner and outer boundary shapes, the 

simplified model for the circular annulus is compared with data from number of previous studies, 

including (Glakpe and Asfaw 1987), (Chang et al. 1983), (Teertstra et al. 2006) and (Zhang et al. 

2007). Substituting the simplified expressions for the diffusive, laminar boundary layer and 

transition flow limits into the general expression, and simplifying yields. 

    nn

bl

n

tr

conv

NuNu

Nu
1

11

1



 (5) 

Where NuPi non-dimensionalizing Nusselt number, is combined with the remaining 

convective terms using linear superposition. The convective terms Nubl laminar boundary layer 

flow, Ntr transition flow at low Rayleigh number and PiS *
 represented the conduction shape factor 

combination parameter n chosen from validation using analytical modeling of natural convection 

in horizontal annuli modeling of natural convection in horizontal annuli from the (P. Teertstra 

2004). Nubl represents the limiting case of high Rayleigh number heat transfer by laminar natural 

convection at the inner and outer walls, where the fluid in the core region is quiescent and of 

uniform temperature. The other convective limit Nutr corresponds to the limiting case of low 
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Rayleigh number, where boundary layers at the heated and cooled walls grow quickly. As a result, 

the temperature profile approaches that of pure conduction, fluid movement is induced in the core 

region, and convective heat transfer occurs at the top and bottom regions of the enclosure. 

Average heat transfer rate in the annulus is non-dimensionalized using one of two methods: 

the effective conductivity ratio and the Nusselt number. The dimensionless effective conductivity 

ratio, first proposed by Beckmann (Beckmann, 1931) is based on the formulation for conduction 

shape factor in a circular annulus (P. Teertstra 2004): 

ei
d

o
d

S
Pi

)ln(

2* 
                               (6) 

 The diameter of the equivalent inner circle is determined by preserving the inner boundary 

perimeter, such that di = Pi/π, while the outer circle diameter is based on preserving the A area 

between the boundaries.  

 22

4
io ddA 

                                                 (7) 

2

24


i

o

PA
d 

                                           (8) 

        Substituting into Eq. (6) gives an approximate model for the dimensionless conduction shape 

factor for the general annulus as a function of the inner perimeter and cross sectional area 

including the noncircular inner boundary as (P. Teertstra 2004): 

1)2(4ln

2*





i
PA

S
Pi



                           (9)                          

Total heat transfer rate non-dimensionalzed by Nusselt number (Michael et al., 2006). 

)(
o

T
i

T
i

kP

LQ

pi
Nu


                                       (10) 

       Where L: arbitrary length, therefore the heat flow rate expressed as Q in this work is the total 

heat flow rate per unit length in the axial direction with units W/m. This dimensional the quantity 

of interest in the study, the total heat transfer rate Q between the plate and the enclosed through the 

fluid region is non-dimensionalized by the Nusselt number defined using the same temperature 

difference and length scale as RaPi. 

The laminar boundary layer flow term Nubl can be finding from (Michael et al., 2006): 

45
53

o
d

i
d1

41
Pi

r)Ra(1.028)F(P

bl
Nu


























e

                                        (11) 

Where the Prandtl number function, F(Pr), as defined by (Churchill, 1975) as: 

   949
pr0.51

0.67
F(Pr)

16


                                   (12) 

And the Ntr transition flow represented by the expression of (P. Teertstra 2004): 

Pi
Ra

i
d

o
d1

i
d

o
d

tr
Nu
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    (13) 
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       Through the use of an effective conductivity, the effects of convection on heat transfer in the 

annulus are included in this conduction expression (P. Teertstra 2004): 

)(*
oTiT

eff
k

Pi
SQ                                                  (14) 

        Solving for keff and normalizing using the actual thermal conductivity of the medium yields 

(Culham, et al., 2004): 

2

)ln(

)(

eio

oi

eff dd

TTk

Q

k

k


                            (15) 

        For the noncircular inner boundary the data of the inner perimeter (Pi) given by the table (1) 

and the equivalent diameter of outer circular boundary ((do)e) given by equation (Eq.8). 

 

RESULTS AND DISCUSSION 

       Figure (2) shows the output data employed in the present investigation of rate non-

dimensional Nusselt number (NuPi) Eq (4) of the natural convection in horizontal annuli with the 

Rayleigh number (RaPi) of the circular inner boundary of four perimeter ratios (Po/Pi) are (1.175, 

1.2, 2.6 and 4.5) respectively at combination parameter n=1. Another method of representing data 

of heat transfer within the annulus was to be represented in terms of the effective thermal 

conductivity ratio (keff/k) versus Rayleigh number RaPi, where (keff/k) is the equivalent thermal 

conductivity must above the unity for both of conduction and convection in the annuli this found 

in the Figure (3) shows values of the rate non-dimensional thermal conductivity ratio (keff/k) Eq 

(14) and the Rayleigh number (RaPi) of the circular inner boundary for ratios of perimeter are 

(1.175, 1.2, 2.6 and 4.5) respectively at combination parameter n=1. The numerical result 

illustrated for the circular the increasing the Rayleigh number leading to slightly increasing the 

non-dimensional Nusslte number with various value of annulus diameter ratio but there is high 

non-dimensional Nusslte number values when used the low annulus perimeter ratios (Po/Pi( about 

(1.6 and 1.175). and we observe a rapid increasing in the non-dimensional ratio of thermal 

conductivity with increasing the Rayleigh number at the high values of (Po/Pi( about (2.6 and 4.5). 

The results indicate the existence of three heat transfer regimes similar to the case of annulus. The 

first is the conduction dominated regime where the Nusselt number is approximately flat. The 

convection dominated regime where Nusselt number is strongly depends on Rayleigh number. in 

the other hand when the region between the two boundaries increase we show that the values of 

Nusselt number decrease in he range of Rayleigh number between 1× 10
4
 to 1× 10

7
. 

        Figures (4 to 6) show the effect of the inner boundary geometry on the rate non-dimensional 

Nusselt number (NuPi) Eq (4) of natural convection in horizontal annuli in the present investigation 

with the Rayleigh number (RaPi) of the (triangular, Square and hexagon inner boundary) 

respectively. For three (Po/Pi) ratios are (1.96, 2.96 and 3.96) at combination parameter n=1. 

Increasing the Rayleigh number leading to increasing the non-dimensional Nusslte number and we 

show that the increasing the (Po/Pi) ratios leading to decreasing in the values of Nusslte number for 

example when the Rayleigh number 1× 10
3
 the values of Nusslte number were (NuPi =10.5) at 

(Po/Pi=1.96) and decreasing to (NuPi =5.9) at perimeter ratio (Po/Pi=3.96). and the Nusslte number 

values of the (hexagon inner boundary) more than in the case of (triangular and square), the 

Nusslte number values of the (triangular, Square and hexagon) less than in the case of circular 
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inner boundary, for example when the Rayleigh number 1× 10
3
 the values of Nusslte number were 

(10.5) at (Po/Pi=1.96) and decreasing to (5.9) at (Po/Pi=3.96) 

       But in the case of Figures (7 to 9) show that the the effect of the inner boundary geometry on 

the rate non-dimensional thermal conductivity ratio (keff/k) with the Rayleigh number (RaPi) of the 

(triangular, Square and hexagon inner boundary) respectively. For three (Po/Pi) ratios is (1.96, 2.96 

and 3.96) at n=1. Increasing the Rayleigh number leading to increasing the non-dimensional 

thermal conductivity ratio (keff/k) show rapid increasing of value of thermal conductivity ratio 

(keff/k). and the result showed that the non-dimensional ratio of thermal conductivity increasing 

with increase the perimeter ratios (Po/Pi) for example when the Rayleigh number 1× 10
4
 the values 

of Nusslte number were (keff/k =1.15) at (Po/Pi=1.96) and increasing to (1.71) at (Po/Pi=3.96) and 

the non-dimensional ratio of thermal conductivity of the (triangular, Square and hexagon) less than 

in the case of circular inner boundary. 

 

      Validate model using analytical modeling of natural convection in horizontal annuli modeling 

of natural convection in horizontal annuli from the Teertstra [9] presents the following analytical 

model for the Nusselt number based on a combination of laminar boundary layer models on the 

inner (cooled) and outer (heated) surfaces, From a comparison of the data and model for all test 

cases examined in his work a value for the combination parameter n in Eq.(5) was selected, n=1, 

that provides the lowest combined difference. The resulting general form of the model is: 



















bltr

conv

NuNu

Nu
11

1
             (18) 

        Figure (10) shows the effect of inner boundary models (circular, triangular, square and 

hexagon inner boundary) on the rate non-dimensional Nusselt number convective terms Eq. (11) at 

(Po/Pi=1.96) at Combination parameter n=1.the result show the circular given high value of  (NuPi)  

and the hexagon inner boundary was the higher value compared with the (triangular and square). 

Finally, numerical data prediction values presented  by all inner boundary model used in this 

research compared with data of (Yoo, 1996) for circular inside cylinders only, resulting in 

perimeter ratio values of (Po/Pi = 2.96), where take two values of dimensional Nusselt number 

(NuPi) Eq (4) at Rayleigh number (RaPi) of 1×10
7
 for the two works and the difference between the 

data and the model is 10.6% as shown in the Figure (11) given comparison between the for the 

relation between dimensional Nusselt number (NuPi) with the Rayleigh number (RaPi) at 

Combination parameter n=1. Also the Figure (12) show the effect of inner boundary models 

geometry on the rate non-dimensional ratio thermal conductivity at (Po/Pi=1.96) at Combination 

parameter n=1, all cases examined in this work, and the data of the square model compared with 

the same in the analytical modeling data of (Chang et. al. 1983) the results with an average RMS 

difference of approximately 4.9 % and (Teertstra et. al. 2004) the results show a RMS difference 

of approximately 9.8% for. and show that the used the models of Hexagon inner boundary gives 

high values of Nusselt number comparison with the anther models except the circular model where 

it is high values. 
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CONCLUSION 

       Natural convection heat transfer between two horizontal concentric cylinders with four models 

of different geometry inner cross section cylinder of (circular, triangular, square and hexagon inner 

boundary). It was investigated numerically using asymptotic solutions technique. Laminar 

conditions up to Rayleigh number RaPi of 5×10
7
 were investigated. Effects of annulus perimeter 

ratio (Po/Pi), Rayleigh number, and inner cylinder geometry on the non-dimensional Nusslte 

number (NuPi). The results show that the non-dimensional Nusslte number (NuPi) increasing with 

increase the Rayleigh number in the all models, and the Nusslte number (NuPi) decreased by (44%) 

with increasing the perimeter ratio (Po/Pi) from 1.96 to 3.96 and the effective thermal conductivity 

ratio (keff/k) increased by (32%) with increased the perimeter ratio (Po/Pi) from 1.96 to 3.96, also 

the hexagon inner boundary gives high values of Nusselt number comparison with the other 

models but less than the circular. the results compared with model developed by pervious 

numerical the model and data are in good agreement, with an average RMS difference of 10.6% 

for the circular annulus of Nusselt number (NuPi) and less than 4.9 % and 9.8% for the square 

inner geometry non-dimensional ratio thermal conductivity (keff/k). 
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NOMENCLATURE 

A            area, m
2
 

b             side length of the inner geometry, m 

cp           specific heat, J /kg K 

F(Pr)      Prandtl number function 

g             gravitational acceleration, m/ s
2
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k             thermal conductivity, W/mK 

P             perimeter inner and outer Boundary, m 

n             combination parameters 

NuPi        Nusselt number,  

Pr           Prandtl number, ν/ α 

Q            total heat transfer rate, W 

R            thermal resistance,  

RaPi        Rayleigh number,  

PiS *
        Conduction Shape Factor,  

Tf           film temperature, 

Ti            inner Boundary temperature, °C 

To           outer Boundary temperature, °C 

Greek  

α           thermal diffusivity, m2/s 

β           thermal expansion, 1/K 

μ          dynamic viscosity, Ns/m
2
 

ν           kinematic viscosity, m2/s 

ρ            mass density, kg/m3 

δ            thickness between the inner and outer Boundary, m  

∆T         temperature difference, =To-Ti, °C 

Subscripts 

bl           boundary layer flow asymptote 

              conv      convection  

              eff          effective 

              f             fluid 

              Pi           perimeter inner Boundary 

              Po          perimeter outer Boundary 

              tr            transition flow asymptote 

              i             inner 

             o            outer 

Table (1) Run conditions 

 

Geometry 

 

Perimeter 

ratio (Pi/Po) 

 

 

Number of 

sides (nb) 

 

 

Length 

of side b 

(m) 

 

Inner 

Perimeter 

(Pi) 

 

Circular 

1.175   

 

 

πdi 1.2 

2.6 

4.6 

 

Triangular  

1.96 3 0.01 3b 

2.96 

3.96 

 

Square 

1.96 4 0.01 4b 

2.96 

3.96 

 

Hexagon 

1.96 6 0.01 6b 

2.96 

3.96 
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                  Hexagon                       Square                         Triangular                      Circular  

              Inner Boundary            Inner Boundary               Inner Boundary              Inner Boundary   

 

Figure (1) Cross sections of selected geometries of inner boundary cylinder   
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Figure (2) illustrate the effect of the increasing the perimeter ratios 

(Po/Pi) on the rate non-dimensional Nusselt number at combination 

parameter n=1 for circular inner boundary model. 
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Figure (3) show the effect of the increasing the perimeter ratios 

(Po/Pi) on the rate non-dimensional ratio thermal conductivity at 

combination parameter n=1 for circular inner boundary model. 
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Figure (4) illustrate the effect of the increasing the perimeter ratios 

(Po/Pi) on the rate non-dimensional Nusselt number at combination 

parameter n=1 for triangular inner boundary model. 

 

 

RaPi 

RaPi 

k
ef

f/
k

 

N
u

P
i

 N
u

P
i

 



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 8484 

 

4

5

6

7

8

9

10

11

12

13

14

1.E+01 1.E+02 1.E+03 1.E+04 1.E+05

po/pi=1.96

po/pi=2.96

po/pi=3.96

 
 

Figure (5) show the effect of the increasing the perimeter ratios (Po/Pi) 

on the rate non-dimensional Nusselt number at combination 

parameter n=1 for square inner boundary model. 
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Figure (6) show the effect of the increasing the perimeter ratios 

(Po/Pi) on the rate non-dimensional Nusselt number at combination 

parameter n=1 for hexagon inner boundary model. 
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Figure (7) show the effect of the increasing the perimeter ratios (Po/Pi) 

on the rate non-dimensional ratio thermal conductivity at combination 

parameter n=1 for triangular inner boundary model. 
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Figure (8) show the effect of the increasing the perimeter ratios 

(Po/Pi) on the rate non-dimensional ratio thermal conductivity at 

combination parameter n=1 for square inner boundary model. 
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Figure (9) show the effect of the increasing the perimeter ratios 

(Po/Pi) on the rate non-dimensional ratio thermal conductivity at 

combination parameter n=1 for hexagon inner boundary model. 
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Figure (10) effect of inner boundary models on the rate non-dimensional 

Nusselt number convective terms at perimeter ratio (Po/Pi=1.96) at 

combination parameter n=1. 
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Figure (11) show the effect of the increasing the perimeter ratio 

(Po/Pi=2.96) on the rate non-dimensional ratio thermal conductivity at 

combination parameter n=1 for all inner boundary model. 
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Figure (12) represented the comparison of the results of inner 

boundary models on the rate non-dimensional ratio thermal 

conductivity at perimeter ratio (Po/Pi=1.96) at combination parameter 

n=1 with the pervious works.  
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ABSTRACT 

Airborne radioactive particulates (for both indoor and outdoor air), in Al-Jaderiya region 

(Baghdad), have been collected to measure the concentration of Radon-222 daughter products of 

gamma ray emission (
214

Pb, 
214

Bi and 
218

Po) and hence calculate the concentration of Radon-222. 24 

samples were analyzed (12 indoor and others outdoor), using gamma ray spectrometric system based 

on a High purity Germanium detector (HpGe) of (40%) efficiency.  The average concentrations of 

Radon-222, were found to be (93.7 Bq/m
3
) and (18.9 Bq/m

3
), in indoor and outdoor air respectively. 

The comparison of these concentrations with some internationally typical values has showed that the 

concentrations of Radon-222 are higher in outdoor air of the area of study compared with many regions 

in USA and other countries. On the contrary, the concentrations of Radon-222 in indoor air of the area 

of study are less than those in many European countries. 

 

KEYWORDS  

Natural radioactivity, Radon-222, indoor air, outdoor air, Spectrometric System. 

 

 خلاصة
لغرض قياس تراكيز نواتج ( بغداد)في منطقة الجادرية ( الداخمي و الخارجي)تم جمع نماذج الهواء لمدقائق المشعة العالقة في ألجو      

-و من ثم حساب تركيز الرادون( 212 -البولونيومو   214 -، ألبزموث214-ألرصاص)  الباعثة لأشعة جاما 222-انحلال الرادون
، باستخدام منظومة تحميل أطياف جاما عالية (منها لمهواء الداخمي و البقية لمهواء الخارجي 12) نموذجا، (  24) تم تحميل .222

في الهواء الداخمي و  222-اظهرت النتائج ان معدل تراكيز الرادون %(. 44)النقاوة مستندة عمى عداد جرمانيوم نقي  ذي كفاءة
ان مقارنة تمك النتائج مع مثيلاتها عمى  المستوى العالمي تظهر . عمى التوالي( 3م/بكريل 1237 ( و( 3م/بكريل 7339 (الخارجي هي 

في الهواء الخارجي لمنطقة الدراسة اعمى من قيمها في عدد من مناطق الولايات المتحدة الامريكية و دول  222-ان تراكيز الرادون
  .  الهواء الداخمي اقل من قيمها في العديد من الدول الاوربية في 222-عمى العكس من ذلك، فقد كانت تراكيز الرادون. اخرى

 

 كممات دالة
 .منظومة تحميل اطيافهواء داخمي، هواء خارجي، ، 222-الاشعاع الطبيعي، غاز الرادون

 

INTRODUCTION  
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Periodical monitoring of Radon-222 concentration had been emphasized by many international 

studies. They proved that the inhalation of short-lived decay products of Radon-222  accounts for about 

one half of the effective dose equivalent from all natural source of radiation and may sometimes lead to 

a high enough dose to cause cancer for human (Kulwant et.al, 2006).  

The recent pooled analysis of key European studies estimated that the risk of lung cancer 

increases by 16% per 100 Bq.m
-3

 increases in radon concentration. The dose–response relation seems 

to be linear without evidence of a threshold, meaning that the lung cancer risk increases proportionally 

with increasing radon exposure. Furthermore, the new results show that if a threshold exists, it should 

not be higher than 150 Bq.m
-3

. 

 Recent studies showed that background levels of radon in outdoor air of most American cities 

are generally quite low, about 0.1 to 15 Bq.m
-3

 (Krewski et.al, 2005),
 
while, as regard to the indoor air, 

these studies have assessed that the Radon-222 annual mean levels in dwellings of 11 European 

countries is above 400 Bq.m
-3

 for existing dwellings and above 200 Bq.m
-3

 for future dwellings
 

(Ernesto et. al, 2008).
 
Also, EPA recommends homes be fixed if the radon level is 148 Bq.m

-3
 or more. 

 

GAMMA SPECTROMETRIC ANALYSIS OF 
214

Pb AND 
214

Bi 

  The activity concentrations of 
214

Pb and 
214

Bi in the samples of a Gamma spectrometric system 

may be calculated according to the following equation (Walsh et. al, 1983):  

 

                                             
Ei

 N

Ei
A 

sV
d

t 



                                                                                       (1) 

  

The parameters E, E  and d  that are needed for Eq. (1) are listed in Table 1. Also, Concentration of 
212

Po is calculated from the following relationship (UNSCEAR, 1977):  

 

                                           CPo-218  1.55 C Pb-214                                                                                    (2) 

 

 

Table 1 Parameters of gamma energy, detection efficiency and percent yield of Radon 

daughters (Walsh et. al, 1983) 

 

Nuclide E (keV) 
E   d  

214
Pb 351.9 0.04739 37.1 

214
Bi 609.3 0.02253 46.1 

 

CALCULATION OF RADON CONCENTRATION IN INDOOR AND OUTDOOR AIR 
The concentration of Radon-222 in indoor and outdoor air may be calculated from the following 

equations (Stephen, 2008): 

 

                    
Eq

X = 
3

380.0
2

514.0
1

106.0 XXX                                                                       (3) 
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F

Eq
X

Rn
X                                                                                                (4) 

 

          The XEq to determine Radon gas concentration is 0.4 for indoor exposure and 0.8 for outdoor 

exposure (Ali, 2002).  

The measured Radon-222 (in Bq/m
3
) can be converted to Working Levels (WL)

1
 by the use of 

the relationship (Stephen, 2008) : 

 

                                     
3700

F
Rn

X
WL


                                                                                               (5) 

 

AIR SAMPLING PROGRAM: 
Twenty four samples (outdoor and indoor air), were taken in different locations in Al-Jaderiya 

region (inside the complex of The Ministry of Science and Technology-Baghdad/ Iraq). Twelve 

samples were collected for indoor air from basement, ground, and the first floor. Other samples were 

collected for outdoor air from different locations outside the buildings. The duration for each sample 

was 1-2 hrs.  

These samples were analyzed with a gamma spectrometric system as shown in Fig.1.   

 

 

 

 

 

 

 

                        

 

 

 

 

 

 

 

 

 

                                                 
1
 WL is a measure of the concentration of potential alpha particles per liter of air 

Fig.1 Gamma ray spectrometric system. 
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RESULTS AND DISCUSSION   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Estimation of Radon-222 Concentrations in Outdoor Air  

             The activity concentration of 
214

Pb and 
214

Bi in outdoor air, measured by gamma spectrometric 

system are used as an input for eq.(2) to determine 
218

Po concentration in outdoor air (Table 2).                                                                                                                                                                                                                                                                                                                                                                         

 

 

 

 

  

 

Sample No. 

Radon Decay Products Concentrations (Bq/m
3
) 

Calculated 
218

Po 

concentrations   

(Bq/m
3
) 214

Pb
 214

Bi 

1 8.5 20.6 
13.2 

2 7.8 16.1 
12.1 

3 10.8 23.8 
16.7 

4 16.3 16.3 25.3 

5 15.6 24.9 
24.2 

6 10.0 16.7 
15.5 

7 8.2 15.7 12.7 

8 12.7 20.6 
19.6 

9 12.3 21.9 17.5 

10 10.5 16.8 
16.3 

11 13.4 22.6 
20.7 

12 9.7 20.0 
15.0 

 

Radon-222 concentrations in outdoor air were calculated according to eq. (3) and (4), and listed 

in Table 3. These concentrations were converted to WL using eq. (5). 

The concentrations of Radon-222 in outdoor air are ranged from 14.3- 25.1 Bq/m
3
 and the 

average concentration is 18.9 3.3 Bq/m
3
.  

 

Table 2. Measured concentrations of 
214

Pb and 
214

Bi and calculated 218Po concentrations in 

outdoor air. 
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ESTIMATION OF RADON-222 CONCENTRATIONS IN INDOOR AIR 

  The activity concentration of 
214

Pb and 
214

Bi in indoor air, measured by gamma spectrometric 

system are used as an input for eq.(2) to determine 
218

Po concentration in indoor air (Table 4).                                                                                                                                                                                                                                                                                                                                                                         

 

 

 

Table 3. Calculated concentrations of Radon-222 in outdoor air. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. measured concentrations of 
214

Pb and 
214

Bi, and calculated 
218

Po concentrations in indoor air 

Sample No. 
Radon-222 Concentration 

Bq/m
3
 pCi/l WL 

1 16.9 0.46 0.004 

2 14.3 0.38 0.003 

3 20.5 0.55 0.004 

4 21.6 0.58 0.006 

5 25.1 0.68 0.005 

6 16.4 0.44 0.004 

7 14.4 0.39 0.003 

8 20.5 0.55 0.004 

9 20.6 0.56 0.004 

10 16.8 0.45 0.004 

11 22.1 0.60 0.005 

12 17.7 0.48 0.004 

Average 

concentrations 
18.9 3.3 0.51 0.009 0.004 0.0008 

Sample No. Location 

Radon-222 Decay Products 

Concentrations (Bq/m
3
) 

Calculated 
218

Po 

concentrations   

(Bq/m
3
) 

 214
Pb

 214
Bi

 

1 Cellar 45.7 57.8 70.8 

2 Cellar 40.3 56.4 62.5 

3 Cellar 42.6 61.4 66.6 

4 Ground floor 23.3 36.2 36.1 

5 Ground floor 36.7 49.2 56.9 

6 Ground floor 27.1 41.9 42.6 

7 Ground floor 39.1 60.6 60.6 

8 Ground floor 35.3 54.8 52.9 
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The concentrations of Radon-222 in indoor air were calculated according to eq. (3) and (4), and 

listed in Table 5. These concentrations were converted to WL using eq. (5). 

The average concentration of Radon-222 in indoor air is 93.7 30.7 Bq/m
3
 (2.5 0.8 pCi/l). 

The maximum concentration was noticed in the cellar (132.4 Bq/m
3
). This can be justified because it is 

closer to the soil than other floors and as soil is the larger source of Radon-222 that comes from decay 

of Radium in soil. In addition, the ventilation rate in the cellar is less than that in upper floors 

(Muirhead, 2002); while the minimum concentration was observed in the first floor (55 Bq/m
3
).  

 

Table 5.  Calculated Radon-222 concentrations in indoor air. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS  

 The concentration of Radon-222 in area of study is within the internationally acceptable 

limits. 

 The concentrations of outdoor Radon-222 in study area are higher than those reported for 

many regions in USA and other countries.  This may need more studies so as to point out 

the causes for such high levels. On the contrary, the concentrations of indoor Radon-222 in 

study area are less than those reported for many regions in USA and other countries. 

 The minimum concentration occurs in the first floor which proofs that Radon-222 

concentration decreases with altitude from the ground surface. 

 The ratio between indoor and outdoor Radon-222 concentration (average) as calculated in 

this study is about (5). This proofs that the sources of Radon-222 in indoor air are more than 

those in outdoor air and that indoor air is in a confined space and that the outdoor 

9 First floor 20.7 28.4 32.1 

10 First floor 18.6 26.2 28.8 

11 First floor 19.0 24.0 29.5 

12 First floor 20.2 29.7 31.3 

Sample No. Location 

Radon-222 Concentration 

Bq/m
3
 pCi/l WL 

1 Cellar 132.4 3.6 0.014 

2 Cellar 121.9 3.3 0.013 

3 Cellar 130.6 3.5 0.014 

4 Ground floor 73.9 1.9 0.008 

5 Ground floor 108.9 2.9 0.012 

6 Ground floor 85.9 2.3 0.009 

7 Ground floor 123.8 3.3 0.014 

8 Ground floor 111.4 3.0 0.012 

9 First floor 62.1 1.6 0.007 

10 First floor 56.4 1.5 0.006 

11 First floor 55.0 1.5 0.006 

12 First floor 62.5 1.7 0.007 

Average concentration 93.7 30.7 2.5 0.8 0.010 0.003 
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concentration is affected by atmospheric stability, which is a function of incoming solar 

radiation and of surface wind speed. 
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NOTATIONS  

d  : Percent yield (number of gammas per disintegration for a transition at energy E). 

E  : The detection efficiency of energy E. 

Vs  : The volume of sample (m
3
).   

AEi: The specific activity (Bq/m
3
). 

F: the equilibrium factor.  

NEi: The net peak area of a peak at energy E. 

t :the counting live time. 

X1, X2 and X3: the activity concentration of Po-218, Pb-214 and Bi-214, respectively. 

XEq: the Equilibrium Equivalent Concentration (EEC) of Radon daughter products. 

XRn: Radon-222 gas concentration. 

            UNSCEAR: United Nation Scientific Committee on the Effects of Atomic Radiation 

http://www.seered.co.uk/
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ABSTRACT 

        Increasing high demands for concept design requires journal bearing to work under 

several operating condition. The purpose of this work is to study the effect of surface 

temperature on the performance of journal bearing for heavy duty machines. Steady state 

thermohydrodynamic model (THD) for journal bearings has been developed. The 

generalized Reynold's equation, energy equation in the oil film, and the heat transfer 

equation in the bush and shaft are solved simultaneously. It was found that the shaft 

temperature has a great effect on the performance of the bearing.        

 : الخلاصة
اتغادة بن هذا اتدحث هو دراسة تأثير درجة حرارة  أن. تعمل تحت ظروف عمل بتع دة بقع دهبسان   إلىتااد  عى  بد أ اتتممم  حتتا  الد الاعتمادأن 

تم حل  .هذا اتدحث لأغراضتم اعتماد اتنموذ  اتثربوهم روددنابمكي الدستقر . اتعاتمة الأحمالاتسطح عى  أداء الدسن  الدقع ي الدستخ م في الدكائن ذات 
تاوجة اتادت بع درجة الحرارة،  بعادتة اتطاقة تطدقة اتادت ، وبعادتة انتقال الحرارة خلال ج اري اتدوشة  تغيربعادتة ردنوت ز ،اتتي تأخذ بنظر الاعتدار 

الدسن   أداءحرارة المحور تأثير كدير عى   ت رجة أنتوحظ . تىحمول عى  توزدع اتضغط وتوزدع درجات الحرارة خلال طدقة اتادت آنماالخارجمة ومحور نقل الحركة 
 .الدقع ي

 KEY WORDS: Hydrodynamic lubrication, Thermal effect, Partial journal bearing    

 
INTRODUCTION: 

Journal bearings are designed for heavy-duty machinery to work under several operating 

conditions. In the past two decades, a great deal of  research had been conducted to investigate the 

performance of journal bearings under a variety of operating conditions, Oscar Pinkus and Sargit 

S. (1979), Suganami and Szeri (1979), Cowking(1981), Seireg and Dandage  (1982). Many works 

had been performed to investigate the thermal effect in a finite journal bearing theoretically and 

experimentally, Ferron et.al.(1983), Mitsui et.al. (1983), Lund and Hansen (1984), Boncompain 

et.al. (1986), Costa et.al. (2000). Khonsari and Esfahanian (1988) extended the 

thermohydrodynamic theory to include the effect of solid particles carried by the oil in the 

hydrodynamically lubricated journal bearings. An experimental investigation of thermal effects in 

circular and elliptical plain bearings has been executed by M.T. Ma and C. M. Taylor (1996). The 

results obtained through this work shows that thermal effects are significant in both bearings .The 

effects of various geometric factors and operating conditions on the thermal performance of 

journal bearing had been studied by Pierre and Fillon (2000), and  Nassab and Moayeri(2002). 

Another works had been carried out investigating the methods of solving the energy equation, 

Hatakenaka and Tanaka (2002) and Jang and Khonsari (2004). M Fillon and J. Bonyer (2004) 
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made a thermohydrodynamic analysis to a worn plain journal bearing. They showed that the worn 

bearing presents not only some disadvantages but also advantages , such as lower temperature. U. 

Singh et.al. (2008) analyze the steady state thermo-hydrodynamic of cylindrical fluid film journal 

bearing with an axial groove. From the parametric study it was found that the temperature of the 

fluid film raises due to frictional heat therby viscosity  and load capacity decreases.  

 A thermohydrodynamic performance of grooved oil journal bearing has been made by L. Roy 

(2009). It had been shown during this work that feeding of oil from the bottom is very less 

preferable since the load capacity is lesser and the temperature development is more.  

  The present work represents an attempt to study the effect of journal surface temperature, as 

an external heat source, affecting the performance of journal bearing. 

 
MATHEMATICAL MODEL 

Hydrodynamic-lubrication sub model 

The modified Reynold's equation that considers the variation of oil viscosity with temperature 

is employed to describe the relation ship between the hydrodynamic pressure and the lubricant 

film thickness Khonsari and Esfahanian (1988):                               
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The oil film thickness can be evaluated as:  

x
c

h
h cos1                                                                                                                 (4)  

 The viscosity in equation (1) follows the empirical viscosity- temperature relationship 

suggested by Ferron et.al:     

    
2_

2

_

1

_

tktkko                                                               (5)  

  The solution adopted in this work considers the viscosity variation across the film thickness of 

the lubricant. 

 

Heat transfer sub model 

         The temperature in the lubricant can be determined from the following steady state energy 

equation:- 
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Where:  

oil

o

k

RUC
 1                                                                            (7) 

2

2 )(
c

R
                                                                                                                               (8)            

And 

inoil

i

tk

U

c

R
2

2

3 )(


                                                                                                                      (9) 

    

   The temperature distribution through the solid boundaries (journal and bearing) can be evaluated 

by solving the heat conduction equation. The steady state heat conduction equation can be written 

as: 

0
11
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_
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_
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2

_
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rr

t
                                                                                (10) 

 
 Bearing parameters: 

       The fluid film forces are calculated as follows:. 

   zdxdxpwr  

1

0

2

0

cos



                                                                                                         (11) 

   zdxdxpwt  

1

0

2

0

sin



                                                                                                         (12) 

Where rw  and tw  are the components of dimensionless load in the direction of line of centers of 

the journal and the normal to it. 
The attitude angle ( ) can be computed as: 

           )(tan 1

r

t

w

w
                                                                                              (13) 

 

BOUNDARY CONDITIONS 

    In the case of the 120 partial arc journal bearing, as shown in fig.(1), the following  boundary 

conditions are  used to solve the Reynolds’ equation: 

1.  At    3/2x          0.0p                                                                               (14)                                        

2. At   3/4x          0.0p                                                                       (15) 

3.  At the cavitation     zone                0.0




x

p
      0.0p                                              (16)                    

   The temperatures distribution through the oil film can be determined by solving the energy 

equation subjected to the following boundary conditions : 

The oil film temperature at the inlet is assumed to be constant:   

At   3/2x      inmix tt                                                                                                (17) 

At  the bearing oil film interface:  
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 For the shaft oil film interface, assuming that the shaft temperature is independent on 

circumferential direction, then: 
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  The temperature distribution at outer surface of the  bearing is:    
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NUMERICAL SOLUTION 

         Governing equations of the problem have been discritized and solved simultaneously using 

iterative scheme with successive under relaxation. Reynold's equation is made discrete at the 

spaced grid points in the coordinates ( x , y , z ) to make it suitable for the finite difference 

method in order to gate the pressure distribution (
_

P ) through the oil film. The grid size of (360) 

in circumferential direction, (6) across the oil film thickness and (20) across the length of the 

bearing   have been adopted. 

    The energy equation (6) and the heat conduction equation (10) with the equation of state (5) 

have been solved simultaneously with the Reynold's equation.                           
Temperature and pressure distribution in the oil film and solid parts at the mid-plan of the 120 arc 

partial journal bearing are obtained using the following solution procedure: 

1. An initial value of the attitude angle (  ) is assumed.  

2. Temperature of oil film, bearing bush and the shaft grid points are assumed.  
3. The dimensionless value of the oil viscosity for all the points are computed by using  

equation (5) 

4. .The oil film thickness )(h calculated using equation (4). 
5.   Initial values of oil pressure for all the grid points are assumed to have zero values except 

at the inlet zone.  
         Then iterative scheme with successive under relaxation method is employed to solve the Reynold's 

equation with the boundary conditions (14),(15) and (16) to obtain the dimensionless pressures of  the 

oil film .The negative values of pressure set to zero during the computation of the of the pressure 

field. These iterations are stopped when the following convergence criterion for the pressure is 

obtained. 
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6. Equations (11 and 12) have been solved and used to get a new value of the attitude angle 

using equation (13), which compared with the old  one. The solution procedure is repeated 

using the new value of the attitude angle  until the difference between the angles of the last 

two steps are reached less than one degree. 

7. Dimensionless values of the fluid velocities ( wvu ,, ) are then calculated.   
8. The energy equation (6) and the heat transfer equation at the solids (10) with the boundary 

conditions (17),(18), and (19) are solved simultaneously to get the temperature filed for the 

whole region. 
9. The new oil-film temperature was used to compute a new viscosity field which is 

subsequently used in   Reynolds' equation and simultaneous solutions for the equations are 

obtained iteratively until the convergence criterion of the temperatures for all points on the 

boundary between the oil film and the bush (inner bush face ) for two successive iteration 

steps is less than ( 610 ). 
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RESULTS AND DISCUSSION 

       A suitable computer program was prepared and written in (FORTRAN – 90) language , 

to solve the governing equations of the problem.  

Numerical results of a steady state performance of a partial journal bearing with hollow shaft, in 

condition pertinent to that used in supporting the two necks of cement ball mills was studied. The 

main data related to this bearing are presented in table (1).  

         The effect of the temperature of the hollow shaft which  receives the heat from the ball mill 

body and the hot fluid passing through on the performance of the journal bearing coupled with the 

other operating parameters were studied as follows: 

      The effect of the temperature of the hollow shaft (tsi) on the behavior of the  bearing can be 

shown in figures (2,3). For the same applied load and journal rotational speed, when the shaft 

temperature(tsi) increases the maximum oil film pressure increases as a result of  increasing the oil 

film temperature which  causes an increase in eccentricity ratio and  hence, reduced  minimum oil 

film thickness (hmin) as shown in figure (2). More clear insight onto the effect of the inner 

temperature of the hollow shaft on the temperature distribution in the bearing bush can be gained 

by examining figure (3). It can be shown that as the shaft inner  temperature was changed from 

50 C  to 60 C the maximum bearing bush temperature was increased by 7.1 C . This is due to the 

increase of the temperature difference across the bearing bush.          

 The effect of the inlet oil temperature on the temperature distribution in bearing bush metal  can 

be shown in figures (4,5). It can be shown from fig.(4) that when the inlet oil temperature 

increased by 10 C (from 35to 45 C ) the maximum bearing bush temperature increased only  by 

4.9 C  due to reduction in viscous dissipation in oil film with the decrease in the oil viscosity. 

Fig.(5) shows the combined effect of the inlet oil temperature and the inner temperature of the 
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hollow shaft on temperature distribution in the bearing bush metal . It can be shown from the 

figure that the increase of the inlet oil temperature causes a remarked effect on the temperature 

distribution in the first half of the bearing bush metal. At the inlet zone, the temperature of the 

bearing bush was effected by the inlet oil temperature. At the second half of the bearing, it is clear 

that a small difference in the temperature distribution has been noticed. The effect of bearing 

surrounding temperature on the temperature distribution can be shown in figures (6,7). As shown 

in fig. (6) when the bearing surrounding temperature increases by 10 C (from 35 to 45 C ) the 

maximum bearing bush temperature increased by 2.6 C . This can be attributed to the effect of the 

surrounding temperature on the heat lost from the bush surface. When the inner surface  

temperature of the hollow shaft reaches 60 C  with the same surrounding temperature the 

maximum bearing bush temperature at the mid-plane increased by 2.4 C  as shown in fig. (7). 

The effect of lubricant type on the behavior of  the partial journal bearing at the same applied load 

and journal rotational speed can be shown in figures (8,9). Two types of lubricant were used in 

this case (No.1,and No2). Fig.(8) shows the influence of lubricant type on circumferential 

temperature distribution in bearing bush metal. Maximum bush metal temperature in this case was 

increased by 2 C . In other case as the effect of inner temperature of the hollow shaft is taken into 

consideration a small increase in maximum bush temperature is noticed and there is shifting in the 

temperature distribution curve. The computer program used in this work has been tested by 

comparing the results obtained for the full journal bearing with that published by Ferron etal.  

 

(1983) and Nassab etal. (2002) as shown in figures (10-13). It is clear that there is a good 

agreement between the obtaind and the published results       

 

CONCLUSIONS   

 The following concluding remark can be drawn: 

 Maximum oil film and bearing bush temperatures increases with the increase of the hollow 

shaft temperature. 

 2.The maximum oil film pressure increases and the minimum oil film thickness decreases 

with the increase of the hollow shaft temperature. 

 3.Due to the effect of the shaft temperature on the bearing, a small change in the maximum 

bearing bush temperature remarked with the change of supplied oil temperature, bearing 

surrounding temperature, and lubricant viscosity. 
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Table 1: Partial  bearing characteristics used in test case. 
Value  Unit                   Symbol      Parameter 

 

  0.9 

  0.972 

  0.9 

0.0016 
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3.5826 
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Lubrication thermal conductivity 
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X 

               
1O 

2O  
 

+ 

 

 
X 

 

  

Y 

x 

y 

inr  

R 

Centers line 



B.A. Abass                                                                            Surface Temperature Effect On The Thermohydrodynamic 

   A.M. Hosain                                                                           Performance  Of Journal Bearing in Heavy Duty Machinery 

B.R.  Sadiq  

 

 

 1706 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(2) Effect of inner temperature of the hallow shaft on  

the oil pressure distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(3) Effect of inner temperature of the hallow shaft on 

the temperature distribution of bearing bush 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(4) Effect of inlet oil temperature on the 

temperature distribution of the bearing bush with 

out effect of inner temperature of the hallow shaft 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(5) Effect of inlet oil temperature on the 

temperature distribution of the bearing bush 

(tsi=50 co )  
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Fig.(6)  Effect of ambient temperature on the 

temperature distribution of partial bearing bush 

(tsi=50 co ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(7) Effect of ambient temperature on the 

temperature distribution of partial bearing bush 

(tsi=60 co ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(8): Effect of lubricant viscosity on the 

temperature distribution of the bearing bush with 

out effect of inner temperature of the hallow shaft 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig.(9): Effect of lubricant viscosity on the 

temperature distribution of  bearing bush 

(tsi=50 co
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Fig..(10) The maximum oil film temperature 

versus eccentricity ratio 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig.(11) Max. values of oil pressure versus 

eccentricity ratio  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(12)Temperature distribution for Ferron[5] 

bearing bush  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(13) Oil film pressure distribution for 

Ferron bearing 
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NOMENCLATURE 
SYMBOL DESCRIPTION AND UNITS 

c  Radial clearance m 

Co  Specific heat of lubricant   J/kg. C  

D  Diameter of journal  m 

 e  Journal eccentricity  m 

h  Oil film thickness  m 

convh   Convective heat transfer coefficient  W/m
2
.
o
C  

h
max   Maximum oil film thickness  m 

h
min   Minimum oil film thickness   m 

h  
 Dimensionless oil film thickness (h/c)   

i,j,k  Finite difference mesh indices in circumferential, radial, and     

 axial directions respectively 

bk   Thermal conductivity of the bush  W/m
2
.
o
C 

oilk   Thermal conductivity of lubricant  W/m
2
.
o
C 

sk   Thermal conductivity of the shaft W/m
2
.
o
C 

21,, kkko   Oil viscosity coefficient  

N   Journal speed  r.p.m 

L   Bearing length m 

P  Oil pressure N/m
2
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atmp   Atmospheric pressure N/m
2
 

sp   Oil supply  pressure N/m
2

 

p   Dimensionless oil pressure = 2))()(/(
R

c

U

R
p in                               

s
p   Dimensionless oil supply Pressure = 2))()(/(

R

c

U

R
p ins                                

recQ   Recirculation oil flow rate m
3
/s 

lQ   Axial leakage oil flow rate m
3
/s 

inQ   Supply oil flow rate m
3
/s 

R  Journal radius m 

br   Bush radius  m 

binr   Bush inner radius  m 

boutr   Bush outer radius m 

t  Oil temperature 
o
C 

ta  Ambient temperature 
o
C 

t b  Bush  temperature 
o
C 

 t bo  Bush outer surface temperature 
o
C 

t in  Inlet oil temperature 
o
C 

tr  Recirculating oil temperature 
o
C 

ts  Shaft temperature 
o
C 

tsi  Inner temperature of the hallow shaft 
o
C 

t
  Dimensionless temperature = t / tin  

U  Shaft speed m/s 

u  Fluid velocity component in x direction  m/s 

u  
 Dimensionless velocity = u/U 

v  Fluid velocity component in y direction m/s 

v  
 Dimensionless velocity = v/U(R/c)  

w  Fluid velocity component in z direction m/s 

w  
 Dimensionless velocity = w/U  

W  Bearing load capacity N 

x,y,z  Cartesian coordinate system 

,r   Cylindrical coordinate 

zyx ,,  
 Dimensionless coordinate system 
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   Greek symbols 

Symbol Description and  Units  

 Eccentricity ratio - 

p , t  Errors ratios  - 

  Lubrication viscosity  pa . s  

in   Inlet lubrication viscosity  pa . s 

   Dimensionless viscosity =
in


 

 

   Density of oil 
 

kg/m
3
 

   Shear stress N/m
2
  

   Bearing  attitude angle rad rad 

   Journal rotational speed rad/s rad/s 

    Superscript 

¯ Dimensionless quantity 
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EEXXPPEERRMMEENNTTAALL  IINNVVEESSTTIIGGAATTIIOONN  OOFF  TTEEMMPPEERRAATTUURREE  

DDIISSTTRRIIBBUUTTIIOONN  FFOORR  SSTTIIRR  FFRRIICCTTIIOONN  WWEELLDDIINNGG    

                                   Prof. Dr. Qasim M. Doos.       Suhair G. Hussein. 

                                                    Mechanical Engineering  

                                     College of Engineering, Baghdad University.                 

ABSTRACT 

Friction stir welding (FSW) is a solid state joining method for metal and is widely used for 

Al-Alloys. In the present work ,temperature distributions were investigated for Aluminum alloy 

(7008), the effect of the main welding parameters such as rotational speed (tool speed) and liner 

speed (welding speed) on the temperature distribution were investigated .The results show that the 

rotational speed has a strong effect on the temperature distribution and this effect increases with 

temperature increase, but the linear speed has an (inverse proportion) with the temperature increase. 

This effect was less than the rotational speed. Peak temperature was estimated theoretically by 

using (Bakingham ) theorem to derivate the relationship between the dimensionless heat input and 

dimensionless peak temperature. In this study a mechanical test (tensile test) for welded specimen 

was investigated to study the effect of temperature distribution on the mechanical properties of the 

alloy, results show that Aluminum alloy (7008) was weldable on the (FSW) process and obtain an 

maximum weld efficiency (81%) with parameters (880 rpm) rotational speed and (1 mm/sec) 

welding speed. By comparing test results with peak temperature to the Al-Alloy the obtained result 

was that the welding process is successful when welding temperature be (75-80%) of melting point 

of the used material. 

 

 الخلاصة

تخدو بشنكم ٔاعن  ة ٔتعتبر ينٍ طنرق نحناو انحاننة ان نهبة نهًعنا ٌ ح ن  ت نانهحاو بالاحتكاك ٔاندعج ْي إحدٖ طرق انهحاو انحديث

ٔ  اعنة تنير ر يتر نرال انهحناو يثنم ( 7008)فني ْن ا انبحن  تًنا   اعنة عًه نة تٕحين  انحنرا   ن نب كة  نًُ نٕو .ن بائك الأنًُ نٕو

عهنٗ تٕحين    تنال انحنرا   نه نب كة  هحناوانتي تًثم عرعة   ا  انهحاو ٔان نرعة انخي نة انتني تًثنم عنرعة ان (ان رعة اندٔ اَ ة)

باعتخداو ياكُة انتفريز انً كاَ كي انعًٕ ية ٔيٍ ْ ِ اند اعة  تضح اَّ نه رعة اندٔ اَ ة تير ر كب ر عهٗ   تال انحنرا   ٔيكنٌٕ 
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تننال انحننرا   ايننا ان ننرعة انخي ننة فهٓننا عطرننة عك نن ة ينن  ا تفننا     .ل انحننرا  ْنن ا انتننير ر لأ عطرننة طر يننة ينن  ا تفننا    تننا

ٔتنى  يضناا اعنتءرار   تنال انحنرا   انء نٕٖ نه نب كة نءن ى يختهفنة ينٍ ان نرعة  .فني ان نرعة اندٔ اَ نة ّٔتار رْا ارم يًا ْٕ عه 

تًا   اعة َظرية يٍ خطل اشتءاق انعطرة ب ٍ كً ة انحرا   انداخهنة ٔ  تنة انحنرا   انء نٕٖ .اندٔ اَ ة ٔان رعة انخي ة عًه اا 

تنى بعند لاننك إتنرار فحن  . ٓا ب اَ اا نهح ٕل عهٗ يعا ننة ينتى انح نٕل يُٓنا عهنٗ   تنة انحنرا   انء نٕٖ َظريناا نه ب كة ٔ عً

نهع ُال ند اعة تار ر   تال انحنرا   عهنٗ انخنٕال انً كاَ ك نة نه نب كة بعند نحايٓنا بٓن ِ انيريءنة ٔبُناراا ( فح  انشد)ي كاَ كي 

باعنتخداو %( 81)ان نب كة رابهنة نهحناو بٓن ِ انيريءنة ين  انح نٕل عهنٗ كفنار  ر نٕٖ  عهٗ انُتائج انتي تى انح ٕل عه ٓا ٔتد اٌ

ٔيٍ خطل يءا َة َتائج انفحن  ين    تنال انحنرا   ( را  عرعة نحاو/يهى 1 ر ءة عرعة  ٔ اَ ة ي  /  ٔ    880)يتر رال نحاو 

ينٍ   تنة %( 80-75)ا   انهحناو بًنا يعنا ل انء ٕٖ نه ب كة تى انح ٕل عهٗ َت جة عًه ة انهحاو َجحا عُند ٔونٕل   تنة حنر

                  .                                                                                                                            ةاَ ٓا  ان ب ك

 KEYWORD: Friction stir welding, Temperature Distribution, Peak Temperature. 

INTRODUCTION   

Welding is a materials joining process in which two or more parts are coalesced at their contacting 

surfaces by suitable application of heat and/or pressure (Groover, 2002) . The welding processes are 

devided into three major groups: Fusion welding ,Solid state welding And Adhesive bonding: 

(Serope, 1997). Friction Stir Welding is a relatively new joining process, invented at the welding 

institute (Cambridge, UK) in 1991 and developed initially for aluminum alloys, it is a solid-state 

joining technique. The weld is made in the solid phase, that is no melting. Since its invention, the 

process has received world-wide attention and today companies in Scandinavia, Japan and the USA 

are using the technology in production, particularly for joining aluminum alloys. High quality weld 

can generally be fabricated with absence of solidification cracking, porosity, oxidization and other 

effects resulting from traditional fusion welding (Hemanth,2006). NASA is using this kind of 

welding on the space shuttle. This kind of welding can help the shuttle be strong, but light 

(NASA,2002). FSW has been successfully used to weld similar and dissimilar cast and wrought 

aluminum alloys, steels as well as titanium, copper and magnesium alloys, dissimilar metal group 

alloys and metal matrix as well as to weld hollow objects such as tanks and tube/pipe, and parts 

with 3-dimentional contours (Terry Khaled,2005). Friction Stir Welding method of joining is based 

on the fact that the metal is subjected to heavy plastic deformation at high temperatures, but lower 

than the melting point, so the basic concept of FSW is remarkably simple, a rotating tool with pin 

and shoulder is inserted in the material to be welded, and traversed along the line of interest as 

shown in Fig.1.  
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Fig.1: (1 Rotating Tool is Plunged into the Joint Line and Moved Along the Joint. Neither 

Flux nor Filler Material are Used. (SAPA group, 2003)                                 

 

Frictional heat, generated mostly under the tool's shoulder, softens the material. During FSW the 

workpiece is placed on a backup plate and clamped rigidly by an anvil a long the far side to prevent 

lateral movement. The pin may have a diameter one third of the cylindrical tool and typically has a 

length slightly less than the thickness of the workpiece. The pin forced into the workpiece until the 

shoulder contacts the surface of the workpiece while the tool descends further; its shoulder surface 

touches the top surface of the workpiece and generates heat. The metal is softening and the tool 

moves along the line of weld. The pin of the rotating tool provides the "stir" action in the material 

of the workpiece. (Hemanth, 2006). 

(Mohanad Okab, 2007) investigate mechanical and microstructural properties of friction stir 

welding joints for a typical high strength precipitation hardening Aluminum alloys (7020-T6). 

Effect of welding parameters on mechanical properties of welded joints were investigated using 

different mechanical tests Based on the stir welding experiment conducted in this study the results 

show that Aluminum alloy (7020-T6) can be welded using (FSW) process with maximum welding 

efficiency (87.52%) in terms of ultimate tensile strength using optimum welding parameters 

(900RPM tool rotational speed, 60 mm/min. welding speed and 0.25mm plunging depth of welding 

tool). (Hemanth, 2006) in his thesis, developed  a three  dimensional model to obtain the 

temperature distribution in the workpiece using ANSYS. A trend line equation which predicts the 

peak temperature attained during friction stir processing was also developed. The predicted peak 

temperature is used to obtain the temperature contours through out the workpiece. Friction stir 

processing was simulated for material Aluminum 5052. Using average values for material 

properties instead of temperature dependent values affects the final results to a small extent. Using a 

moving heat source technique is proved to be a reliable method to simulate friction stir processing. 

(Roy and his group, 2006)  developed a dimensionless correlation based on Buckingham's -

theorem to estimate the peak temperature during friction stir welding (FSW)., it can also be used for 

the selection of welding conditions to prevent melting of the workpiece during FSW. The 
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correlation includes thermal properties of the material and the tool, the area of the tool shoulder and 

the rotational and translation speeds of the tool. The peak temperatures reported in the literature 

during FSW of various materials and welding conditions were found to be in fair agreement with 

the proposed correlation. (Chao, 2003) formulated the heat transfer of the FSW process into two 

boundary value problems (BVP)-a steady state BVP for the tool and a transient BVP for the 

workpiece. To quantify the physical values of the process the temperatures in the workpiece and the 

tool are measured during FSW. Using the measured transient temperatures. Fields finite element 

numerical analysis were performed to determine the heat flux generated from the friction to the 

workpiece and the tool. Detailed temperature distributions in the workpiece and the tool are 

presented. Discussions relative to the FSW process are then given. In particular, the results show 

that: The majority of the heat generated from the friction, i.e., about 95%, is transferred into the 

workpiece and only 5% flows into the tool and the fraction of the rate of plastic work dissipated as 

heat is about 80%.( Richardson, 2003 )presented a new heat transfer model for predicting heat 

transfer in friction stir welding (FSW). In this model, Experimental results indicate that the 

temperature at the tool shoulder contact surface hardly changes with the weld speed and the tool 

rotational speed. It can be expected that local melting does occur in FSW. So, both the tool 

rotational speed and the weld speed do not significantly affect the maximum temperature in the 

weld. The weld speed affects the distribution of temperature in the workpiece. And a perhaeting 

time is important in FSW; it makes the weld easier. (Chao and Qi, 1999) in this work, a three-

dimensional finite element analysis of the FSW process was  used. The modeling effort includes a 

decoupled heat transfer and a subsequent thermomechanical analysis. The temperature fields during 

the welding, the residual stress distribution and distortion of the workpiece after the FSW process 

are studied. The results from the modeling are consistent with the available experimental data and 

trends. The model is then used to study the fabrication process of the FSW for the effect of plate 

thickness and welding speed. 

THEORETICAL ANALYSIS 

The peak temperature of the workpiece and the effective parameter on it was studied by 

using Buckingham (pi) theorem to develop a dimensionless correlation. 

In physical systems, certain quantities, such as mass, length, and time or (force, length, and time), 

are considered to be fundamental quantities since they cannot be expressed in simpler terms. All 

other physical quantities may be expressed in terms of these fundamental quantities.  

Velocity is a length divided by time, and density is mass per unit volume (length cubed). (Ranaldv, 

1992)   
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Prediction of the dimensionless Correlation Formulla :-(Roy, 2006) 

The variables that influence the peak temperature "Tp" are identified as: 

 The heat input per unit length to the workpiece (f8A). 

 The rotational velocity of the tool (w). 

 The thermal property of the workpiece. (k/cp) 

 The translation velocity of the tool. (V) and 

 The initial or preheat temperature of the workpiece. (Tin)  

In these variables, 8 represents the yield stress of the workpiece at a temperature of 0.8Ts where 

(Ts) is the solidus temperature, A is the cross sectional area of the tool shoulder defined 

as.  22

io RRA                                   (1) 

Where oR  and iR  are the shoulder and Pin radius respectively. 

The factor (f) represents the ratio in which heat generated at the tool shoulder / workpiece interface 

that is transported between the tool and workpiece. 

Its value can be calculated based on steady-state one dimensional heat transfer from point heat 

source located at the interface of dissimilar materials.(Roy, 2006). 

  
   2/1

2/1

T

w

CPk

CPk
f




          (2) 

Where the subscript W and T indicate the workpiece and tool respectively, 

k is the thermal conductivity  (W/m°C) 

Cp is the specific heat , at  constant pressure (kJ/kg°C) and ,σ(kg/m
3
) 

 is the density of the material. Thermal conductivity, k and specific heat, Cp are dependent on 

temperature. The temperature varied from room temperature to high values so the k and Cp changed 

to form the temperature variation. The values of k and Cp would brought from. (Hemanth, 2006) 

The physical quantities are: f (8A, Tp, W, V, Tin, k/cp) = 0 

The fundamental dimensions in (M, L, T and θ units are):-  

8A = ML/T
2 

,  Tp =  , W = 1/T , V = L/T , k/cp = M/LT , Tin =  

According to Bukingham -theorem there will be (6) physical quantities and (4) fundamental units. 

 6-4 = 2       We have two -terms 

Tin

Tp





1  
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*1 T                (3)     

*2 Q                (4)  

  The new relationship, written in terms of  1  and 2  is:- 

  0, 211 f  

  0**,1 QTf     , 0
kV

cp A.w
*, 

2

8
1 







 f
Tf  











kV

cp A.w
 *

2

8
2

f
fT  

** 2QfT                      (5) 

From equation (5) it can be obtained  an relationship connect the peak temperature and heat input. 

From the experimental results we can arrive to the final correlation so (equation 5) leads to final 

empirical equation that can be seen in result.   

 

EXPERIMENTAL WORK  

 

Due to the lack of specialized stir welding machine, a vertical milling machine was used 

with variable turning and linear feed. Because the milling machine is not prepared directly to the 

(FSW), it should be equipped with fixture system. The fixture used was a steel plate with the 

dimension (350mm x 250mm x 15mm) prepared to be suitable with the table of the Milling 

Machine. The purpose of this plate was used to fix the plates to be welded on it by using two special 

steel strips, fig.2 shows the machine with fixture, tool, and plates. The plates were also prevent from 

sliding during welding by clamping along the long edges of the plates. A low alloy steel welding 

tool was manufactured to perform the welding of the aluminum plates. 

Tool consists of two parts: (part no. 1) adopted to the machine spindle. (part no. 2) consists of two 

geometries, one of them called the shoulder and the other called the probe. The plates used in this 

study was AL-alloy (7008H) prepared with the dimensions (200mm x 80mm x 4mm). Each two 

plates were joining together with the friction stir welding. k-type thermocouples have been used for 

measuring the temperature distribution. 

To read various temperatures with time and save them automatically, a device was 

manufactured by Integrated Engineering Services (IES) to be compatible with working conditions. 

This device was used to record the temperatures at the points prepared on aluminum plates. The 

reader was capable to link with a computer for saving the data that obtained. This device and 
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thermocouples were calibrated in (C.O.S.A.C). Five points were pointed out on one face of the 

plates to be welded as shown in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2:All items used during FSW.                                    Fig. 3:Locations of tested points 

 

Three points (A, B, and C) were shown along the line of welding (12 mm) far away from this line, 

which was chosen because of shoulder dimensions. Points (A and C) were (20 mm) from the edge 

of the plate, while point B was in the center of the plate. Points (E and D) were chosen at right angel 

to the welding line at point B, with (20 mm) between each of them.Special epoxy mixed with some 

powder from the same Al-alloy was used to improve heat transfer between the plate and 

thermocouple. Type k thermocouple was fixed on each hole at the points A, B, C, D, and E by using 

some epoxy.In order to investigate mechanical properties of the welded joints and to evaluate the 

effect of different welding parameters on these properties, tensile test have been conducted. 

 

Fig.4: ASTM sub-size sample for tensile test (ASTM, 2003) 

The tests had been fulfilled in the laboratories of Specialized Institute for Engineering Industries 

(SIEI).Fig. 4 shows the sub size sample for tensile test. 
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RESULTS AND DISCUSSION    

Figures from 5 to 10 represent the results of experimental work. In general, the figures represent the 

relationship between the temperature and time, from Fig.5 it is concluded that the revolution speed 

and linear velocity had a strong effect on the temperature distribution along the welded plates. 

Also, it was noticed that in each curve the peak temperature in( A, B, and C) was affected by the 

location of welding tool which turning in its limited speed. 

The temperature at point (A) began between (30-60)°C then increased highly when the welding tool 

being at the points of testing, after that the temperatures began to decrease gradually while the 

welding tool leave the testing point. 

From the increase and decrease of temperature at the testing points  

This is coincide with point (B) where it's temperature increased as the temperature of point (A) 

decreased because welding tool passing through point (B) while it leaves point (A). 

The highest temperature at point (B) was recorded as the welding tool reaches the point, while it 

began to reduce when the welding tool leave it. The process of increasing and decreasing the 

temperature is also true for point (C). The heat building process at point (B) and (C) was very   

effective factor on the welding process which give more homogenous, smooth and clean welding. 
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Fig.6: Temperature distribution at points               

(A, B and C). 1140 RPM, 1mm/sec. 

 Fig.5:Temperature distribution at points             

(A, B and C).1430 RPM, 1mm/sec. 
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Fig.8: Temperature distribution at point                

(A, B and C). 1140 RPM, 2mm/sec. 

Fig. 7: Temperature distribution at point             

(A, B and C). 880 RPM, 1mm/sec. 
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Fig .10: Temperature distribution at point             

(A, B and C). 700 RPM, 0.1mm/sec. 

Fig.9: Temperature distribution at point              

(A, B and C). 1140 RPM, 3mm/sec. 

 

According to figs. 5,6&7 it was noticed that the increasing of the revolution speed with constant 

linear velocity, the temperature of testing points increased. This is because of (At high rotational 

speed, the relative velocity between the tool and workpiece is high and consequently, the heat 

generation rate and the temperature are also high). 

Fig. 11 represent the curves of temperature distribution at point (B) with various revolution speed 

and constant linear speed. 

 



Q.M. Doos                                                                                                                                                                                          EExxppeerrmmeennttaall  IInnvveessttiiggaattiioonn  OOff    TTeemmppeerraattuurree  

S.G. Hussein                                                                                         For Stir Friction Welding Distribution        
 

 6094 

0

0.05

0.1

0.15

0.2

0.25

0.3

10 15 20 25 30

LnQ*

T
*

(880, 380)

(1140, 395)

(1430, 430)

370

380

390

400

410

420

430

440

600 700 800 900 1000 1100 1200 1300 1400 1500

Revolution Speed (RPM)

P
e

a
k

 (
0
C

)

 

0

50

100

150

200

250

300

350

0 50 100 150 200 250

Time (sec.)

T
e
m

p
e
ra

tu
re

 (
0
C

)

1430

1140

880

 

Fig. 12: The effective of rotational speed on the 

peak temperature. 

 

Fig.11: Temperature distribution at point (B) 

with three variable revolution speeds and 

constant linear speed (1mm/sec.). 

(1, 395)

(2, 255)

(3, 197)

150

200

250

300

350

400

450

0 1 2 3 4 5

Welding Speed (mm/sec.)

P
e

a
k

 T
e

m
p

e
ra

tu
re

 (
0
C

)

 

0

50

100

150

200

250

300

350

0 50 100 150 200 250

Time (sec.)

T
e
m

p
e
ra

tu
re

 (
0
C

)

1mm/sec.

2mm/sec.

3mm/sec.

 

Fig. 14: the effective of linear speed on the peak 

temperature of welded plate. 

 

Fig. 13: Temperature distribution at point (B) 

with variable welding speed and constant 

revolution speed (1140 rpm). 
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Fig. 16: the relationship between dimensionless 

peak temperature and dimensionless heat input. 

Fig. 15: the Distance from the welding line 

(700RPM , 0.1 mm/sec.). 

 

The effect of rotational speed on the peak temperature tested point can be shown in Fig. 12. From 

figs.7,8&9 it was noticed that the linear speed has a reverse effect on the increasing of temperature, 

so that with increasing linear speed the temperature become lower and this is because of the fact 

that at high welding velocity (linear velocity), the heat input per unit length decreased and heat is 
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dissipated over a large volume of the workpiece. So the points that tested had no enough time to 

increase the temperature.  

Fig.13 represents the variation of temperature at point (B) with variable welding velocity. Fig.14 

shows the effect of linear speed on the peak temperature of welded plate. 

 

ESTIMATION OF PEAK TEMPERATURE PRACTICALLY. 

The highest temperatures recorded at points E, D, and B which lies on a straight line, were drawn 

against the distance from interface line of welding. This is shown in fig.15. A nonlinear relationship 

was noticed in the figure because the governor heat balance was conduction and convection. 

Extrapolating the line joining the points of testing to get the peak temperature at the interface line of 

welding. The extrapolating procedure was used because it was not easy to measure the peak 

temperature of the interface line of welding directly with the instruments available. The peak 

temperatures are listed below. 

Table  (1): Peak Temperature (experimentally). 

Plate 

No. 

Revolutions Speed 

(rpm) 

Linear Velocity 

(mm/sec) 

Peak Temperature 

(Exp) (°C) 

1 1430 1 430 

2 1140 1 395 

3 880 1 380 

4 1140 1 395 

5 1140 2 255 

6 1140 3 197 

7 700 0.1 320 

Results of peak temperature (Tp) calculation during (FSW) :- 

According to dimensionless correlations used to calculate the peak temperature of eq.(5) with the 

developed correlation. From the present study we have various parameters, linear velocity and 

rotational speed, affected on heat input and peak temperature. So, depending on these parameters 

Fig.16 has been obtained. As can be seen from Fig.16 the data can be fitted by using correlation 

theory and eq.(6) result from the correlation. 

 
 

 *ln0163.0468.0* QT                       (6)  
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By using the equation above the peak temperature has been calculated and listed in table (2). 

Table (2):-  Peak Temperature theoretically. 

Plate No. Revolutions Speed 

(rpm) 

Linear Velocity 

(mm/sec) 

Peak Temperature 

(Exp) (°C) 

1 1430 1  375 

2 1140 1  333 

3 880 1  292 

4 1140 2 260 

5 1140 3 243 

6 700 0.1 385 

 

Tensile Test Results:- 

  To investigate the effect of different welding parameters on tensile strength of welded joint, 

tensile tests were conducted for each joint using three specimens for each of the welded joints and 

the results are averaged. The test results compared with the tensile properties of base metal and the 

welding efficiency for friction stir welding have been calculated for each experiment. 
 

Table (3): Tensile Strength in FSW . 

 
FSW  

No. 

Revolution 

Speed 

(RPM) 

Welding 

Speed 

(mm/sec) 

Tensile 

Strength 

(N/mm2) 

Joint 

Efficiency % 

1st Set 

1 880 1 215.5 81 

2 1140 1 191 72 

3 1430 1 66 26 

2nd Set 

1 1140 1 191 72 

2 1140 2 119 45 

3 1140 3 fail fail 

3rd Set 1 700 0.1 131 49.6 

Base metal - - - 264 - 

 

                  Note:  

 Values of tensile strength are average of (3) specimens. 

 Joint Efficiency = test of tensile strength / ultimate tensile strength (Base metal). 

According to the results obtained it can be noticed that the mechanical properties affected by 

temperature distribution for welded plates as is explained below:- 

The 1st set of readings in table (3), are the results of tensile test which decreasing with the 

increasing of revolution speed while the temperature increased with revolution speed increased (see 
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fig. 12) this means that it's important to select a specified value for revolution speed to get a good 

joint efficiency. 

In the 2nd set of readings in table (3), the result of tensile tests decreasing with increase of 

welding speed, beak temperature decreased too, (see figure (14)), from studying the behavior of the 

welding surface it was clear that the welding is non homogenous one, with rough surface and  with 

some cracks in welding zone. 

In the third part of table (3), due to longer time of welding when compare it with the above sets, 

the time affect the configuration of welding, the first zone of the welded plate shows poor welding 

efficiency joint when compare it with the last zone which shows homogenous and high efficiency 

joint. This was due to the long time which rise the temperature of plate in the last part of the 

process, and means that the preheating process in the last part of plate gives the homogenous, 

smooth, and strong section. This phenomena is agreed with( Richardson, 2003). 

From the above discussion it is clear that we must select the optimum values of revolution speed 

and welding speed to get a good joint because it is not necessary to select high revolution speed or 

low welding speed to get a good joint as shown in the results of tensile tests. 

From these results of mechanical test which shows that the revolution speed (880 RPM) with 

welding speed (1 mm/s) are the best values of experiment in (FSW) that get (81%) welding joint 

efficiency. This welding joint efficiency could be considered as a good result compared with fusion 

welding to the Al-Alloy so the (FSW) for Al-Alloy can be considered a more suitable process. 

CONCLUSIONS  

According to the results of the present study of FSW process on selected Al-Alloy several 

conclusions can be written as follows: 

 Optimum mechanical properties obtained with peak temperature reach to (75%) of melting 

point of plate metal. 

 The maximum weld strength obtained in this study was (215.5N/mm
2
) of 81% weld 

efficiency. 

 We must select optimum welding parameters to obtain good weld and  there is no necessary 

to use high values of revolution speed or linear speed. In the present study the optimum values 

was 880 RPM with 1mm/sec welding speed. 

 A correlation for peak temperature has been obtained.  *ln0163.0468.0* QT   
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 :الخلاصة
لجريمم ه امم علاث  ا ممث ع كامم ةل ط رمم  علخبمم   ل رىممبر   مما  رجممر   يممتحممع ضممرا ة عمممت ض نظممت     ر

8.2x10  كمم ضث عل عبممت ي خمم ع ضنممب ض علامم  كاقممم     ر علممت ريخنلممت   ل ممم   ي  لممم  يخممرع   رمم  
4
 علممب  

5.6x10
4

علخل ضمنظت علجئلاظمت ع انظنظجظمت عل خ  نمت ك لمت علمخنممتل  عل امم ة ثعلج  م  عل  مرع لن لمالت يخىم    م  . 

نممج  امم   . ( Finite Volume)  ع ل علب لممت عل ىمبركت   راممم  ضممظ ضخ  كاممخيمع  عل جمم   عل  مممة علمئ لعمم  ل

ل  (k-)كاممتخيمع    مت     (Turbulent viscousity )عل ا ة ث م يت رت علصظغت علجبريت لنئ جت عل ىبركت 

فمث علخجم    علا نظمت  .حما رعث ع ضمبرع ك  ض فت علب أمخيمع  رلخ   ةعلت علجمع  ك لعر  ر  علجتم عه ل ا لجتت 

ضا ة ضنب عمخيمع  رلب   علىغط علي  مث عللخ  ث لعظ س ررطبم ث عللمرضت  (Perspex)حع ك  ء رجر  ر  ر ةة 

عل خ لاج كظ ج عه  ل  ة علىغط علمنث حاخ مم ضنمب قمم    ر لمت علام لا ل   عه (. رعمع عً   عحج ا ً ) عل ا ت فث عل ظئ 

ياخ ممم ضنممب ضمم رنظ  ا مم   لممبت ع  لمممعة فممث  (kR)غط علمم ع ياخ ممم ضنممب قممم    ر لممت علامم لا  را رمم   لمم  ة علىمم

ل  عه ام ع عل ا رم    ياخ مم (pe/Pe)ل   عل لبت كظ  عل  ظط عل بن  ك لخ عء علب عل  ظط عل ر عل خبعث  (Ab)عل ل  ت 

 kR فم ه  لمبت علئيم ةة فمث عل ا رم    06%ك لمبت   pe/Peل لس  لبت رلم  ت ع  لممعة ع ع ع ةعة ) ضنب ضمة  ي  لم 

 حمم ه  (kR)فم ه  لمبت علئيم ةة فمث عل ا رم  %50ع ع  عةث  لبت رل  ت ع  لمعة علمب  pe/Peل   ل لس  %7حم ه 

 .فا ه ةعلت لامة  ي  لم   (Cf)  لم  را ر   ل  ة علىغط  خظجت ع  خم ك( . 10%
 

ABSTRACT : 

Experimental and numerical investigation has been under taken to study 

turbulent flow of air through duct using restriction in different shapes and positions 

for Reynolds numbers ranges of (8.2x10
4
 → 5.6x10

4
).The numerical approach used in 

this work is the finite volume method for solution of elliptic partial differential 

equation for the modeling of turbulent (k-) model as well as wall function concept 

near the wall which was used to take the turbulent effects into consideration have 

been employed.The experimental test rigs were constructed from Perspex, and a five-

hole pressure probe was used to measure the three component of air flow velocity 

vector in space.The results show that the total pressure drop depends on the shape and 

position of the restriction, and the pressure drop coefficient due to the restriction 

shape and position (kR) depends on two parameters; blockage area ratio (Ab) and the 

ratio between wetted perimeter to the free remainder perimeter (pe/Pe) and dose not 

depend on the Reynolds number ( for the same blockage area ratio Ab if the pe/Pe 

increases 40%, the coefficient kR increases 7% , and for the same pe/Pe, if the blockage 

area ratio increases 50% ,the coefficient kR increases 10%). But the pressure drop 

coefficient due to the friction (Cf) is a function of Reynolds.  
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INTRODUCTION : 

Configuration involving arrangements of sequential baffles (ribs, thin obstacles, 

etc.) attached to a wall are commonly used for supporting and mixing purposes in heat 

exchangers, nuclear reactor cores , air-cooled turbine blades, wastewater aeration 

tanks as wall as chemical mixers and other chemical engineering application . 

Geometric parameters such as channel aspect ratio, rib to height to passage 

hydraulic diameter or blockage ratio, rib angle of attack, the manner in which the ribs 

are positioned relative to one another (in-line, staggered, crisscross, etc.), rib pitch-to-

height ratio and rib shape (round versus shape corners, fillet and rib aspect ratio have 

pronounced effect on flow and heat transfer some of there effects have been studied in 

experimental and numerical research. Examples of [Han et al. )1978(], [Han 

(1984)],[lee (1986)],[Taslim and spring (1998)], [son et al. )2002(]. Most of the 

reported computational efforts [Ooi at al. 2002 & Ooi et.al (2003)] investigated the 

turbulent flow and heat transfer in duct with ribs using eddy viscosity type turbulence 

model. However, it is well known that such models are unsuitable for situation that is 

flow separation in the flow field. [Rasie and Bohasani (2003)] have employed low Re-

k- turbulence model to investigation flow and heat transfer in passage with attached 

ribs. In this paper turbulent flow induct with restriction is numerically and 

experimentally investigated. The main objective of this research is to study the effect 

of restriction shape and position on the fluid flow characteristics in square duct for 

fully developed turbulent flow with different Reynolds number. 
 

EXPERIMENTAL FACILITIES:  

  A centrifugal fan driven by a 550 W, 2200 r.p.m is used to supply the flow of 

air. The air passes through a duct (150x80 mm cross section and 600 mm length) 

equipped orifice meter(designed on B.S 1042) to measure flow rates and settling 

chamber (air box) with honeycomb at the outlet of air box. 

The air box rated the air through transparency Perspex square duct (120x120 

mm) with sufficient length of (1000mm) for pressure recovery represent the first part 

of the test section  

The second part of test section is also square duct of  the same dimensions 

(120x120x1000 mm) and material (Perspex) of the first part. At the end of the test 

section, the air was exhausted into the atmosphere. The connection between first and 

second duct were made in such manner to allow the restriction to be changed. 

Thirteen restriction of different shape are made from a thin galvanized sheet (1mm) as 

shown in Fig. ( 1 ), five-hole probe is used to measure velocity vector in the flow field 

down stream of restriction. To determine the magnitude and orientation of the flow 

vector, the surface pressure is sampled at five locations: on the axis of probe and at 

four equispaced points on a line encircling this central point. The pressure 

differentials between selected pairs of these points related to the in flow velocity 

vector by doing an appropriate calibration to deduce pitch and yaw directions [Hanaa 

(2006)] 

The second duct has (48) static pressure taps on its surface (four section in z-

direction of (20, 40, 80,120mm) from the test section with 12
th

 static taps on each 

section with (3) taps on each surface) as shown in Fig. (2a) all static holes have a 

diameter of 1 mm. The section duct has four slots in the side surface which are used in 

the measurement by five hole probe in the four sections ( 20, 40, 80,120mm), Fig.(2b)  

To calculate the average velocity of free stream, the inclined micro manometer 

is used to measure the different between the total pressure which has been measured 
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by pitot-tube and static pressure in front of restriction. Correction of the reading of the 

pitot-tube has been done according to [British standard 1042 (1973)]. 

The average inlet velocity for all experiments, at entrance region is (7-10 m/s) 

corresponding to the Reynolds number based on the hydraulic diameter (120mm) of 

inlet region (5.6x10
4
-8.2x10

4
). The static pressure distributions after restriction in 

each section (20, 40, 80,120mm) are measured from 12
th

 taps, so that the average 

pressure (Pav) in each can be calculated from: 
 

Pavs = 
12

... 12321 ssss PPPP 
                                                                         (1) 

to calculate the static pressure coefficient due to the friction(Cf) from: 

Cf=
22/1 av

avss

U

PP



  

  where Ps static pressure before restriction. 
 

NUMERICAL WORK: 

To analyze the flow field after restriction, governing partial differential 

equations (conservation of mass and momentum) in three dimensions have been used. 

To demonstrate the effect of the turbulence on the flow, turbulence model (k-) is 

used.  

It is impossible to obtain analytical solution of the partial differential equations, 

so numerical solution using finite volume will be done for three selection restrictions 

with different blockage area as shown in Fig.(3), at two Reynolds numbers 

(8.2x10
4
and5.6x10

4
).Assumption about the fluid are Newtonian, Incompressible three 

dimensional, turbulent flow.  

(i) Continuity equation: 

0














z
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V

x

U
                                                                                              (2)  

 (ii) Momentum Equations: 
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Standard   k- Model [Launder and Spalding] 
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where  



2k

Ct   

, is the dissipation term. 

 

The empirical constants appearing in the above equations that are achieved at by 

comprehensive fitting data for a wide range of turbulent flows are expressed as 

follows: 

 

Table (1) Empirical constants in the k- 

C C1 C2 k  

0.09 1.44 1.92 1.00 1.30 

 
BOUNDARY CONDITION:   

Boundary Condition at Inlet Duct: 

U(x,y,0)= Uin     ;   V(x,y,0)= W(x,y,0)=0 

The distribution of the inlet velocity(Uin)can be interpolated from experimental 

data(7,10)m/s. 

The kinetic and dissipation energy at inlet may be estimated from the following 

equation [Davidson and Farhanich (1995)] : 

k (x,y,0) = kin = Ck Uin
2
   ;   ε (x,y,0) = εin = Cµ kin

3/2
/ (0.5DhCε) 

where (Ck, Cε) are constant (Ck=0.003 and Cε=0.03), while (Dh) represents 

hydraulic diameter of duct and its value is equal to the section length of the square 

duct. 
 

Boundary Condition at the Wall: 

For no slip (U=V=W=0) is the appropriate condition for the velocity component 

at solid walls [Verstage and Malasekera (1995)]. Due to the viscous influence near 

wall, the local Reynolds number becomes very small, thus the turbulent modal which 

is designed for high Reynolds number become inadequate. In this case, the calculation 

of shear stress near the wall needs a special treatment. In order to adequately avoid 

these problems, it would be necessary to employ a fine grid near the wall, which 

would be expensive. An alternative and widely employed approach is to use formula 

which known as "wall function". 
 

THE GENERAL FORM OF THE GOVERING (PDES): 

The general partial differential equations (i.e. sometimes called transport 

equations) [Patanker (1980) ] for continuity, momentum scales k, all have the form  

      


 S

zzyyxx
W

z
V

y
U

x






































































 
where the three terms on the left side are convection terms and the four terms on 

the right side are diffusion and source term. 
 

THREE DIMENSIONAL DISCRETIZATION: 

The general transport equation may be written as: 

  SJ
x

i

i





                                                                                                       (10) 

         (8) 

       (9) 



Journal of Engineering Volume   16  December  2010   Number  4 
 

 

 0060 

Where 

i

ii
x

UJ






 

                                                                                      (11) 

Ji represents all the flux due to both diffusion and convection. The source term 

may be expressed as a linear expression. 

S=bp+c                                                                                                           (12)  

The pressure term is excluded from the source term (in the momentum equation) 

in the solution procedure, and the linearization is done for all other terms only. 

Integration using the CV results in: 

Je–Jw + Jn–Js + Jf –Jb =( bp+c)v                                                                     (13) 

where e (east), w (west) ,n (north)  and s (south) are the neighboring points of p 

in the y-direction, f(front), b (back) are the neighboring pointes of p in the z-direction, 

v=xyz  is the volume of the control volume. Integrating the continuity gives 

Fe–Fw + Fn–Fs + Ff –Fb =0                                                                                (14) 

where the F's are the mass flow rates through the control surface. The general 

three-dimensional discretization equation is given by, 

 









i

iip

i

i caba                                                                                     (15)  

where    BFSNW

i

Epi aaaaaaaa   

BBFFSSNNWW

i

EEii aaaaaaa  
 

b=Spv , c=Suv         

in which Sp and Su are coefficients in the source terms determined from a 

suitable finite difference approximation of (S) expression for particular dependent 

variable . 

Solving  this using upwind scheme to give values of ai   












bbBffFssS

nnNWwWeeE

FDaFDaFDa

FDaFDaFDa

,0;0.;0.

,0;0,;,0
                                         (16) 

The convection and diffusion fluxes are given by : 
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All the coefficients in Eq.(16) and (17) are used for solving of (k and  ), the 

velocity components are calculated on a staggered grid and their values differ. 

Excluded the pressure terms from the coefficient of the source terms Su, the 

discretized equation for (Ue , Vn , Wf) are  
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ff )(

)(

)(  

The velocities in Equations (18) will all satisfy continuity if the pressures at the 

grid points are correct. At the start of the calculation, only guessed values of pressure 

and velocity are available and continuity will not be satisfied. Therefore, some means 

of correcting the pressures is needed to achieve a solution. Using SIMPLE procedure 

[Onbasiogla and Husegin (2003)]. The SIMPLE assume that,        

 (17) 

                                           (18) 
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 'WWW;'VVV;'UUU;'PPP                                     (19) 

where the asterisk represents a guessed value and the prime is the correction necessary 

to satisfy continuity. 
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Subtracting equations (18) from equations (20) we get: 
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For computational convenience, 
i iUia ' , '


i i

V
i

a , and '

i i

W
i

a
are set to 

zero[Onbasiogla and Husegin (2003)]. Substituting the result of eq.(19) with eq.(21) 

into continuity equation get: 

c
i

'
i

P
i

a
i

'
pP

i
a 

                                                              (22) 

where    
B

a
F

aaaaa
i i

a
SNWE

  

            '
B

P
B

a'
F

P
F

a'Pa'Pa'Pa'Pa
i

'
p

P
i

a
SSNNWWEE

  

2z)y( )eaeρ(a
E

  & 2z)y( )wawρ(a
W

   & 2z)x( )nanρ(a
N

 & 

2z)x( )sasρ(a
S

  &  2y)x( )aρ(
F

a ff    & 2y)x( )aρ(
B

a bb   

 bf FFnFsFeFwFc  

zyw)U (ρwF       &  zye)U (ρeF        &   zXs)V (ρ
s

F  &  

zxn)V (ρnF        &  yx)W (ρF bb      &   yx)W (ρF ff   

Under relaxation is implemented to a void divergence in the solution variable. The 

under relaxation factor used in this study is (0.5) for U,V,W,k &  and (0.8) for P . 

 
RESULTS AND DISCUSSION: 

Experimental Results:   

Pressure Drop Investigation: 

The total pressure drop (∆PT) through the duct with restriction can be broken 

down into two components which are pressure drop due to the friction (∆Pf) and the 

inertia losses through the restriction (∆PR) 

∆PT =  ∆Pf +  ∆PR 

Pressure Drop Due to the Restriction Geometry ∆PR: 

Fig.(4) shows a typical pressure drop pattern along the duct (with different 

restriction shapes and different Reynolds numbers). It contains 13 restriction shapes, 

each restriction has four graphs for different Reynolds numbers. 

It is clear that the pressure drop data fall on a straight line in the upstream 

section, and that near the restriction there is substantial pressure depression. However, 

the pressure depression is recovered along the downstream data and fall on a straight 

line again. Without the restriction, the two straight lines would be collinear. Thus the 

                                     (20) 

                                       (21) 
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pressure drop due to the different restriction shape (∆PR) is the difference offset by the 

two lines (between (A) and (B)). The pressure drop component (∆PR) can be 

expressed by 

 k.U
2

1
P R

2

avairR   

where the kR: pressure coefficient due to the restriction. 

The pressure coefficient (kR) is due to the inertia losses, so it is independent of 

Reynolds number [Lee (1986)]. This can be seen in Fig. (5), this figure is plotted 

between pressure coefficient kR vs the Reynolds numbers for four shapes and different 

blockage area ratio of restrictions which are used in this work. It is clear that the 

values of kR are roughly constant with the range of Reynolds number which is used 

for the same restriction [Roberson and Crowe (1977)] .The behaviors of kR for the 

other restrictions are in line with the four restrictions which are drawn. The 

parameters that kR depends on are: the ratio between the wetted perimeter of the 

restriction to the free remainder perimeter (pe/Pe), and the blockage area ratio Ab. 

Table (2) shows the wetted perimeter and the blockage area ratio for all restrictions 

which are used in this study. 

Table (2) Wetted perimeter and blockage area ratio for all Restriction shapes 

Correlation between kR , pe/Pe and Ab : 

To create the relation between kR and the two parameters (pe/Pe) and Ab assume 

the general formula between them: 

        

where: a , b and c are correlation constant . 

Average 

kR 
pe/ Pe 

Remainder 

perimeter 

Pe   cm 

Wetted 

perimeter 

pe   cm 

Blockage 

area ratio 

Ab 

Restriction 

0.6 0.2 40 8 6.00  

0.62 0.53 36 12 0.11  

0.65 0.5 32 16 0.11  

0.72 0.5 32 16 0.22  

0.69 0.33 36 12 0.22  

0.74 0.7 28 20 0.22  

0.75 1 24 24 0.33   

0.72 0.7 28 20 0.33  

0.76 1 24 24 0.33  

0.69 0.33 36 12 0.33  

0.79 0.5 32 16 0.44  

0.82 0.7 28 20 0.44  

0.83 1 24 24 0.50  

c

b

b

e

e
R A

P

p
ak .).(
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To solve this relation, use statistical program which uses Quais-Newtons method 

to obtain 

  

and with accuracy of 96% as shown in Fig.(6). It is clear from the correlation 

equation mentioned above that the effect of the blockage area ratio Ab on kR is much 

greater, if the ratio of perimeter is kept constant. 
 

Pressure Drop Due to The Friction ∆Pf : 

Fig.(7) is drawn between Cf Vs (z/Dh). In general, as shown in the figure, for all 

restrictions which are used in the study, the friction factor Cf  is a function of Reynolds 

number. Each restriction uses the relations between Cf and Reynolds number are 

roughly have same behavior for different Reynolds numbers , but the values of Cf 

decrease with decreasing of Reynolds number. 

The maximum values of Cf in the downstream region after restriction as they 

appear in the (z/Dh) equal (1/3) or in the distance (4 cm ) from restriction in z-

direction, except the restrictions number (3,10,11,&12) the maximum Cf appears in 

the (z/Dh) equal to (2/3) or in the distance (8 cm) from restriction in z-direction. 
 

Total Pressures Coefficients: 

The total pressures coefficients after restriction are presented in Fig. (8) for 

Re1=8.2x10
4
 and Re4=5.6x10

4
. The CpT contours for the same restriction seem to be 

approximately similar in behavior and have different values with the changing of 

Reynolds number. When Reynolds number decreases the CpT decreases, this explains 

why the losses decrease when Reynolds number decreases. 

It is clear from the figure that the values of CpT are positive in the area behind 

the restriction (positive pressure area), and they are negative in remainder area 

(suction area), for all restrictions which are used in this study.This distribution 

depends on the blockage area ratios as shown in Fig. (8). To explain this effect take 

for example of blockage areas (0.11) and (0.56), the blockage area ratio increases 

(80%), the value of CpT increases around (83%) (i.e. the losses are increased). The 

main conclusion is that, when the blockage area ratio increases the CpT increases also 

so that the losses increase.  
 

Axial Velocity Distribution: 

  The axial velocity Distribution for selected three restriction shapes 

No.(3,9&13) at Re1=8.2x10
4
 are presented in Fig.(9). Restriction No.(3,9&13) 

represent three different blockage area ratios of (0.11,0.33 and 0.56) respectively. 

This figure is drawn for axial velocity with y-direction in four positions (2, 4, 8 & 12 

cm) in z-direction. In each location there are three graphs for different distances in x-

direction (3, 6 & 9 cm), these positions represent the points of measurements in z-

direction by five-hole probe. 

It is clear from the figure mentioned above that for all restrictions the velocity 

behind the restriction has the lowest value approximately reaching zero, but the values 

in open area are greater than the main flow velocity. 

 
NUMERICAL RESULTS:  

 Flow Patterns (Streamlines and Velocity Vectors) : 

Streamlines and velocity vectors are plotted in z-x plane at y=6 cm as shown in 

Fig.(10) (a and b) for three restriction at two Reynolds number. 
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So far considered flow in which the pressure outside the boundary layer was 

considered as constant. If, however, the pressure varies in the direction of flow 

(because of the restriction), the behavior of the fluid may be greatly affected 

[Massey]. Fig.(10) shows that the streamlines in the upstream region are parallel and 

the velocity vectors distributions are symmetric in any location, when the flow strikes 

the restriction (normal to the flow direction), the streamlines approach one another in 

the open area and large eddies directly form after the restriction, their strength depend 

on the Reynolds number and the restriction shape and position. The velocity vectors 

behind the restriction have the lowest values approach to zero and have the highest 

values in the open area. 

 

 Axial Velocity Distribution: 

Fig.(11) represents the axial velocity distribution for three selected restriction 

No.(3,9,13) with different blockage area ratio at  Re1=8.2x10
4 

. 

This figure is drawn for axial velocity with y-direction in four positions (2, 4, 8 

and 12 cm) in z-direction. In each position there are three graphs for different 

distances in x-direction (3, 6 & 9 cm), these positions represent the same points of 

measurement in experimental work.  

It is clear from the figure mentioned above that the velocity profiles at x=3 cm 

and x=9 cm are the same for all z (due to the symmetry of all restrictions used) and 

the velocity behind the restriction has the lowest values (at x=6 cm), but the values of 

velocity in the open area are greater than the main flow velocity. The velocity 

distribution in both cases (theoretically and experimentally) is equintativly the same 

but there are slightly difference in velocity values for all cases studied. 

 

CONCLUSION: 

From Experimental Work 

 The pressure drop coefficient due to the restriction shape and position, (kR) is 

independent of the Reynolds number in study range but it depends on the 

blockage area ratio (Ab) and the ratio between the wetted perimeter and free 

remainder perimeter (pe/Pe). Correlation equation is created between them. 

 

 The total pressure coefficient CPt decreases when the Reynolds number 

decreases for same restriction, and it depends on the blockage area ratio, when 

the blockage area ratio increases around 80% the CPt increases approximately 

83%. 

 The axial velocity U has the lowest value behind restriction approach to zero, 

but the values in open area are greater than those of the main flow velocity. 

This conclusion is in line with the numerical and Fluent (6.1) results 
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Figure (1) The restrictions shapes. 
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Figure (2a) Photograph shows the static 

pressure taps. 

 

Figure (2b) Photograph of the air supply 

and test rig 
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Figure (4) Pressure drop induct with restriction for different Reynolds numbers, 

 Re1= 8.2x10
4
, Re2=7.4, Re3=6.2x10
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& Re4=5.6x10

4
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Figure (7) The effect of restriction position on the Cf  for different Reynolds numbers,  

Re1= 8.2x10
4
, Re2=7.4x10

4
, Re3=6.2x10

4
& Re4=5.6x10

4
.  
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Figure (6) Correlation between pressure 

coefficient kR and perimeter ratio pe/Pe and 

Blockage area ratio Ab . 
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Continued to figure (7) 
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Figure (8) Variation of Total Pressure Coefficient CpT for different section at 

 Re1=8.2x10
4
  &  Re4=5.6x10

4
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  Figure (10) Flow patterns in z-x plane at Re1=8.2x10
4
 & Re4=5.6x10
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LIST OF SYMBOLS 

Symbol Title Units 

Ab Blockage area ratio m
2
 

aE,aW,aN,aS,aF,aB Coefficient in turbulence model --- 

Cf Pressure coefficient due to the friction --- 

Cµ, C1 , C2 Constant in turbulence model --- 

Gk Generation rate or turbulence energy --- 

i,j,k Indices which indicate position in (x,y,z) --- 

kR Pressure coefficient due to the restriction --- 

Pav Average pressure N/m
2
 

pe Wetted perimeter m 

Pe Remainder perimeter m 

Ps Static pressure N/m
2
 

U, V, W  Mean velocities in x,y,z directions m/s 

Uav Average velocity m/s 

ε Energy dissipation m
2
/sec

3
 

μ Dynamic viscosity N/sec. m
2
 

ν Kinematics viscosity m
2
/sec 

 Dependent variables --- 

e, w, n, s, l, r 

Subscript 

Control volume faces  ---- 
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ABSTRACT 

            This study deals with thermal cyclic loading phenomena of plates which were fabricated from 

composite materials (woven roving fiber glass + polyester) were exposed to (75 C°) temperature 

gradient thermal shock for ten times in different stage of conditioning times due to the effect of thermal 

fatigue using the method of Levy solution and compared these results with both results from 

experimental published work and (ANSYS Ver. 9) program. A composite laminate plate with fiber 

volume fraction (υf =25.076%) is selected in this study and applying the combined loadings like 

bending moment (Mo), and in-plane force (Nxx) beside the effect of thermal fatigue. It involves multi 

theoretical and finite element fields; but the theoretical one contains the derived equation of stresses 

distribution and evaluating the normal deflection of a middle point for dynamic analysis applying 

different boundary conditions for heating and cooling. The main present numerical results for a 

composite plate with (80%) fiber volume fraction claim that the relative reduction in normal deflection 

and dynamic load factor are (78.593%) and (9.421%) during cooling to (-15  respectively. 

:الخلاصة  

 (بىنٍسخش+ أنٍبف صجبجٍت )حخُبول ظبهشة انخحًٍم انحشاسي انذوسي نهصفبئح انخً كبَج يصُعت يٍ انًىاد انًشكبت  انذساستهزِ 

َخٍجت نخبثٍش انكلال  يٍ يشاحم ولج انعًمنعشش دوساث  دسجت سهٍضٌت( 9;)بًمذاس  ت ٌحشاس بصذيت اَحذاس حشاسي  وانًعشضت انى

ويمبسَت هزِ انُخبئج يع كلا يٍ َخبئج بشَبيج الاَسٍض راث انطبعت انخبسعت وَخبئج بحث عًهً يُشىس طشٌمت نٍفً ببسخخذاو  انحشاسي

بعذ حطبٍك الاحًبل انًشكبت يثم عضو  حى اخخٍبسهب فً هزِ انذساست%( :;..69)انصفٍحت انشلبئمٍت انًشكبت بكسش حجًً  اٌ  .يسبمب

، حٍث ٌشًم انجبَب  وعذدٌتعذة جىاَب َظشٌت  هزا انعًم وٌخضًٍ. حًٍم انحشاسي انذوسيانى جبَب انخالاَحُبء ولىة الاَضغبط 

ششوط حذٌت  حطبٍك نهخحهٍلاث انذٌُبيٍكٍت يع انًُخصف انُظشي اشخمبق يعبدلاث حىصٌع الاجهبداث وحمٍٍى الاَحشاف انعًىدي فً َمطت
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ٌؤدي إنى اَخفبض %( .>)انشئٍسٍت انحبنٍت نهًبدة انًشكبت يع كسش حجًً إٌ أداء انُخبئج انعذدٌت  .فً حبنخً انخسخٍٍ وانخبشٌذ يخخهفت

عهى ( دسجت يئىٌت 99-)َخٍجت انخبشٌذ إنى %( 869.=)و %( 7=9.>;)َسبً ببلاَحشاف انعًىدي وعبيم انحًم انذٌُبيٍكً بُسب 

  .انخىانً

 

KEY WORD: thermal stress, composite laminate, dynamic analysis, plate simulation, combined 

loadings. 

INTRODUCTION 

Many researches before studied the effect of thermal fatigue in woven roving glass fibers with 

unsaturated polyester composite plate and its application on airspace experimentally. The effect of 

thermal cycles on tensile properties and coefficient of thermal expansion has been studied on graphite-

epoxy 12-ply laminate configuration subjected to 5000 thermal cycles, [Fabmy A.A. and Cunningbam 

T.G., 1976]; but the method prediction applied on T300 graphite/934 epoxy under hygro-thermo-

mechanical fatigue with two step procedure. The initial step consists of determining the composite ply 

strength associated with each type of cyclic load: mechanical, thermal and hygral. The next step is to 

determine the effect of combined cyclic loading [Ginty C.A. and Chamis C.C., 1988]. It can be 

estimate the inter-laminar shear strength (ILSS) of glass/epoxy and glass/polyester composites of 

woven fabrics by changing the holding time at the holding temperature during the thermal fatigue and 

hydrothermal shock cycles [Ray B.C., 2005]. In the other hand the inter-laminar shear strength (ILSS) 

of the thermally conditioned glass fibers of random orientation and epoxy resin laminates followed by 

ice-cold water quenching from the laminated composite was exposed to (50˚C) temperature and 

hydrothermal fatigue cycles varied weight fraction constituents of glass fiber reinforced (55,60, 65%), 

[Ray B.C., 2005], but in the field of cryogenic [Ray B.C., 2005] studied the effect for 55,60, and 65 

weight percentages of E-glass fibers reinforced epoxy composites on inter-laminar shear strength 

during (sub-ambient) at -80˚C temperature in ultra low freezing chamber for 2 hours and subjected to 

an ambient at 30˚C temperature for 1 hour and investigate the effect of thermal shock on flexural 

modulus of Kevlar 49/epoxy laminates by thermally conditioned at a (80˚C) for (5, 10, and 20 min) to 

(-80˚C) for (5 min) or cryogenically conditioned at (-80˚C) for the same time periods to (80˚C) for (5 

min). In the present work it can study the effect of combined loadings on the deflection combining with 

thermal fatigue effect of composite laminate plate. 

So that the objectives of this research are: 

 In dynamic analysis derive the analytical solution to evaluate the stress-strain field and 

inter-laminar shear stress (ILSS) distributions for middle point using Levy solution for 

thermal cyclic under combined loadings. 

 It will be compared the results of deflection in z-direction for middle point were obtained 

from thermal cyclic loading only with that obtained from (cyclic thermal loading +  ), 

(cyclic thermal loading + ) and (cyclic thermal loading + ) as mentioned in Fig. 

(1) to obtain perfect design of deflection. 

 Applying different boundary conditions like (SSSS, CSSS, and CSCS) on composite plate 

under cyclic thermal loading. 
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Fig. (1) Plate under thermal and combined loading. 

 

THE CLASSICAL LAMINATED PLATE THEORY (CLPT) 

The classical laminate plate theory gives flexibility than the other methods of solution for 

composite plate depending upon the cyclic thermal loading, in-plane force , and the bending 

moment   

The stress and strain variation through the laminate thickness based on the classical 

lamination theory (CLPT) includes the following assumptions, [Reddy J.N. 2004]: 

 Transverse normal stresses remain straight before and after deformation (strain in z- direction 

equal to zero). 

 Transverse normal stresses rotate and perpendicular to the mid-surface after deformation (strain 

in xz and yz plane equal to zero).  

 

DISPLACEMENTS KINETIC RELATIONS 

If a plate was established of a total thickness (h) composed of (N) orthotropic layers with 

the principal material coordinates (  of the kth lamina oriented at an angle  to the laminate 

coordinate, x. The z-axis is taken positive downward from the mid plane. The kth layer is located 

between the points  and  in the thickness direction. The Kirchhoff hypothesis theory 

used instead of Mendlin theory by applying the principles of supper position displacements ( to 

be such that, [Reddy J.N. 2004] : 
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                                                                                                     (1)                                                 

 

        

 

Where: 

 : A displacements along the coordinate lines of a materials point on the x,y-plane. The 

strain-displacement matrix relations take the form, [Reddy J.N. 2004]: 

 

                where:                                             

 

                                                                                                        (2) 

 

  

 

For orthotropic material and layers axes oriented arbitrarily with respect to the laminate 

coordinates. The Hook's Law relations are [Reddy J.N. 2004]: 

 

     kkk Q                                                                                    
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                                                                      (3)  

          

And for especially orthotropic (that the material axes coincide with respect to laminates 

coordinates). 

                                                                            (4)                      

 

Anyhow in Levy solution (dynamic analysis) the classical laminate plate theory (CLPT) is 

more suitable than other methods because it is linking the cyclic thermal loading with the combined 

loadings. 

 

Methodology Discussions of Theoretical and Numerical Experiences  

For thermal cyclic analysis the inputs in classical laminate plate theory program can be 

shown in Table (1): 

Table (1) The inputs in classical laminate plate theory program. 

a = 0.18 m 

b = 0.1 m 

x = 0.09 m 

y = 0.05 m 

z = 0.001667 m 

h = 0.004 m 

 

for heating 

 

for cooling 

It can be taken the algebraic sum of stress field in (x, y, z) directions and deflection in z-

direction for heating and cooling. Table (2) shows the verification test for dynamic analysis under 
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different thermal loading of fiber volume fraction ( ) using (Fortran 90 and ANSYS 

Ver. 9) programs for the plate having aspect ratio (1.8). The four types of combined loading can be 

used in this section: (Thermal Fatigue), (Thermal Fatigue +Mo), (Thermal Fatigue +Nxx) and (Thermal 

Fatigue +Mo+Nxx) as mentioned in Figure (1), used (SHELL 132) as given in Fig. (2). It has a three-

dimensional layered shell element having in-plane and thru-thickness thermal conduction capability. 

The element has eight nodes with up to 32 temperature degrees of freedom at each node. The 

conducting shell element is applicable to a three-dimensional, steady-state or transient thermal analysis.  

“SHELL 132” was switched element and to be analyzed structurally, the element should 

replaced by an equivalent structural element such as “ SHELL 91”. It is used for layered application of 

a structural shell model up to 100 different layers. The element is defined by eight nodes having six 

degrees of freedom at each node: translation in the nodal x, y, and z directions and rotation in the nodal 

x, y, and z directions to evaluate the stress field and deflection in z-direction. 

 A triangular-shaped element may be formed by defining the same node number. After 

solving the four types of combined loadings it can be compared the last three type results with first type 

results to obtain the perfect design of this paper. It can be used both program of finite element analysis 

to find the deflection and dynamic load factor (D.L.F) which cannot applied this on different fiber 

volume fractions because absence the knowledge of the number of layers that gives the mass of fiber 

experimentally. The dynamic load factor in   is higher than the dynamic load factor in 

 because the central static deflection in   is smaller 

than   and the percentage error is acceptable on different thermal 

loadings. 

 

Fig. (2) SHELL 132 3-D thermal shell element. 
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RESULTS AND DISCUSSIONS 

Table (2) estimates the verification test for composite laminate plate under different 

combined loadings of for the plate having aspect ratio (1.8). The best case is (thermal 

cyclic + in-plane force  because the deflection is smaller than the other cases; but the percentage 

error in (thermal cyclic + in-plane force  and (thermal cyclic+ bending moment  + in-plane 

force ) is not accurate because the (ANSYS 9) is the approximate solution. It can be shown the 

dynamic deflection decrease with the increasing of fiber volume fraction. The dynamic (Fortran 90) 

program is described in Fig. (3). 

 

Table (2) Verification test for composite laminate plate under different combined loadings of 

. 

Deflection (m) 

Deflection 

Field 

CLPT ANSYS  

Ver.9 

Percentage Error 

(%) 

Thermal Cyclic + 

Bending Moment  

 

-0.1777704 E-3 

 

-0.18819 E-3 

 

5.5367% 

Thermal Cyclic + In-

Plane Force  

 

-0.7704258 E-6 

 

-0.65088 E-6 

 

15.5168% 

Thermal Cyclic + 

Bending Moment  

+ In-Plane Force  

 

-1.97185 E-5 

 

-1.6735 E-5 

 

15.1304% 
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Fig. (3) Flow chart of the dynamic program, [Abdulla F.A. 2001]. 

Tables (3, 4, 5) show the effect of different fiber volume fractions and different loading 

percent of combined loading on deflection. In Tables (3, 5) the deflection can be decreased with the 

increasing of fiber volume fractions for all the increasing of loading percent; but the deflection can be 

increased with the increasing of loading percent for the same fiber volume fraction. In Table (3) the 

deflection still constant with the increasing of loading percent of combined loading for the same fiber 

volume fraction; but the deflection can be decreased with the increasing of fiber volume fractions. 

Table (3) Effect of different fiber volume fractions and different load percents of  on 

deflection due to thermal cyclic + bending moment  of aspect ratio (a/b = 1.8). 

Deflection (m) *  

  

 

25.076% 

 

 

40% 

 

 

50% 

 

 

60% 

 

 

70% 

 

 

80% 
Loading 

Percent 

of 

 
20% -0.0379 -0.02876 -0.02393 -0.01964 -0.01562 -0.01176 

40% -0.07552 -0.05723 -0.04762 -0.03909 -0.03110 -0.02343 

60% -0.11308 -0.08570 -0.07131 -0.05855 -0.04658 -0.03511 

80% -0.15064 -0.11417 -0.09500 -0.07800 -0.06206 -0.04679 

100% -0.18819 -0.14264 -0.1187 -0.09746 -0.07754 -0.05846 
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Table (4) Effect of different fiber volume fractions and different load percents of  on 

deflection due to thermal cyclic + in-plane force  of aspect ratio (a/b = 1.8). 

Deflection (m) *  

  

 

25.076% 

 

 

40% 

 

 

50% 

 

 

60% 

 

 

70% 

 

 

80% 
Loading 

Percent of 

 
20%  

 

-0.65088 

 

 

-0.48393 

 

 

 

-0.39026 

 

 

 

-0.3046 

 

 

-0.22426 

 

 

-0.14865 
40% 

60% 

80% 

100% 

 

Table (5) Effect of different fiber volume fractions and different load percents of  on 

deflection due to thermal cyclic + bending moment  + in-plane force  of aspect ratio 

(a/b = 1.8). 

Deflection (m) *  

  

 

25.076% 

 

 

40% 

 

 

50% 

 

 

60% 

 

 

70% 

 

 

80% 
Loading 

Percent of 

 
20% -0.035661 -0.027356 -0.022759 -0.018561 -0.014572 -0.01063 

40% -0.068584 -0.052545 -0.043756 -0.035767 -0.028189 -0.02069 

60% -0.10151 -0.077733 -0.064753 -0.052973 -0.041805 -0.03075 

80% -0.13443 -0.10292 -0.085751 -0.07018 -0.055421 -0.040811 

100% -0.16735 -0.12811 -0.10675 -0.087386 -0.069038 -0.05086 

 

Figs. (4, 5) show the convergence of dynamic central deflection with total degree of 

freedom. There is a small sudden change increasing in dynamic deflection occurring between numbers 

of degree-of-freedom (DOF) 81 and 2187 which then reached the steady-state case between numbers of 

degree-of-freedom (DOF) 2187 and 27783 for different fiber volume fractions for 

( . 

 

 

 



Journal of Engineering Volume   16  December  2010       Number  4 
 

 

 
 

6133 

 

Fig. (4) Convergence of dynamic central   Fig. (5) Convergence of dynamic 

deflection with total degree of freedom        deflection with total degree of freedom 

under .                         under . 

Figs. (6, 7) give the convergence of dynamic load factor (D.L.F) with total degree of 

freedom. There is a large sudden change increasing in dynamic load factor occurring between numbers 

of degree-of-freedom (DOF) 81 and 14739 which then reached the steady-state case between numbers 

of degree-of-freedom (DOF) 14739 and 27783 for different fiber volume fractions for 

( . It can be noticed that the dynamic load factor decreased with the 

increasing of fiber volume fractions, while the fiber volume fractions increased with the increasing of 

fundamental natural frequency, then the dynamic load factor will be decreased. 

 

Fig. (6) Convergence of dynamic load       Fig. (7) Convergence of dynamic load 

factor with total degree of freedom under     factor with total degree of freedom under 

             .                                          . 
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Figs. (8, 9) illustrate the effect of different fiber volume fractions on dynamic central 

deflection under thermal loadings (  with time. Most of these curves 

reached to the steady-state case at time = 0.004 (settling time) and the dynamic deflection decreased 

with the increasing of fiber volume fractions. The best curve is the curve at fiber volume fraction 

 because it reaches to the rise time first that is mean this curve has low value of rise time, 

settling time, and overshoot because increasing the fiber volume fractions causing increase in the value 

of fundamental natural frequency. 

 

 

Fig. (8) Dynamic deflection variation Fig. (9) Dynamic deflection variation 

with time under different fiber volume    with time under different fiber volume 

fractions of .               fractions . 

 

Fig. (10) shows convergence of dynamic deflection with total degree of freedom under 

different combined loadings of  for simply supported plate with four edges. For the 

curve concern (thermal cycling + here is a large sudden change increasing in dynamic deflection 

occurring between numbers of degree-of-freedom (DOF) 390 and 4998 which then reached the steady-

state case between numbers of degree-of-freedom (DOF) 4998 and 7686; but the curve concern 

(thermal cyclic +  there is a slow increasing of dynamic deflection occurring between 

numbers of degree-of-freedom (DOF) 390 and 1350 which then reached the steady-state case between 

numbers of degree-of-freedom (DOF)1350 and 7686. The curve concern (thermal cyclic +  there is 

no clear change in dynamic deflection with numbers of degree-of-freedom (DOF). 
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Fig. (10) Convergence of dynamic deflection with total degree of freedom    

under combined loadings of .  

Figs. (11, 12, 13) illustrate the effect of different fiber volume fractions on dynamic 

deflection with total degree of freedom for (thermal cyclic + , (thermal cyclic +   , and  

(thermal cyclic +  with a plate with aspect ratio (1.8) of simply supported plate with four 

edges; therefore the best curve is the curve of  for (thermal cyclic +   because this curve 

gives a small value of dynamic deflection equal to (0.22426 e-6). 

 

Fig. (11) Convergence of dynamic deflection with total degree of freedom 

under thermal cyclic + bending moment  for different fiber volume fractions. 
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Fig. (12) Convergence of dynamic                Fig. (13) Convergence of dynamic 

deflection with total degree of freedom        deflection with total degree of freedom 

under thermal  cyclic + in-plane force            under thermal cyclic + bending moment 

 for different fiber volume fractions.    + in-plane force for different 

fiber volume fractions. 

Fig. (14) shows comparisons between analytical solution (CLPT) and numerical solution (FEM) with 

the experimental published work [RayB.C.,2005] of  for 

the plate having aspect ratio (1.8) that concern inter-laminar shear stress varies with time. It can be 

noticed that the inter-laminar shear stress varies sinusoidal for both experimental and numerical 

solutions; but for analytical solution the inter-laminar shear stress reduced with time gradually because 

it applied via Levy solution on analytical part. 

 

Fig. (14) Comparisons of inter-laminar shear stress varies with time under the effect 

of thermal cyclic of .    
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Fig. (15) gives the effect of different boundary conditions like (SSSS, CSSS, and CSCS) on 

inter-laminar shear stress varying with time of  using classical laminate plate theory 

(CLPT) for the plate having aspect ratio (1.8). The inter-laminar shear stress can be decreased with the 

increasing of time for all three curves; but the best curve that curve concern (CSCS) boundary 

condition this curve gives small value of inter-laminar shear stress because to reduce the mismatch 

between the thermal expansions of the resin and the fiber can be caused the thermal cyclic loading. 

 

 

Fig. (15) Effect of different boundary conditions on inter-laminar shear stress 

varies with time of   under thermal cyclic loading. 

 

Fig. (16) show the effect of different boundary conditions like (SSSS, CSSS, and CSCS) on 

central deflection varies with time of  using classical laminate plate theory (CLPT) for 

the plate having aspect ratio (1.8). The curve concern the boundary condition (SSSS) decreased with 

time; but the curve concern the boundary condition (CSSS, CSCS) have its value the minus sign 

because the particle’s compression of composite laminate plate leads to concave upward occur in 

deflection direction due to this boundary condition. The conclusion of this minus sign the increasing of 

fixed or clamped edges gives increasing in concave upward instead of downward central deflection 

under thermal cyclic loading. 
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Fig. (16) Effect of different boundary conditions on central deflection  

  varies with time of  under thermal cyclic loading. 

Figs. (17, 18) illustrate the effect of different boundary conditions like (SSSS, CSSS, 

CSCS) on normal stresses in the (x, y) directions varies with time of  under thermal 

cyclic loading using classical laminate plate theory (CLPT) for the plate having aspect ratio (1.8). In 

the two figures, the curves have (SSSS, CSSS) boundary conditions that the normal stresses decreasing 

with the increasing of time because the most value of coefficient of thermal expansion decreased with 

time and that effect on the decreasing of normal stresses; but the positive sign of the value of normal 

stresses because of the case of the particle of composite laminate plate is tension due to these boundary 

conditions. The curve (CSCS) boundary condition casing decrease in the value of normal stress with 

time increasing; but the negative sign because of the particle of composite plate suffer from 

compression. The conclusion of these curves the increasing in the clamped or fixed edges causing 

increasing in particle’s compression. 

 

 

Fig. (17) Effect of different boundary conditions on normal stress  varies 

with time of  under thermal cyclic loading. 
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Fig. (18) Effect of different boundary conditions on normal stress  varies    

with time of  under thermal cyclic loading. 

Figs. (19, 20) show the effect of different boundary conditions on normal strain in the (x, y) directions 

varies with time of  under thermal cyclic loading using classical laminate plate theory 

(CLPT) for the plate having aspect ratio (1.8). The comment is the same as in Figs. (17, 18) because the 

stress is equal the multiplication of strain on material properties matrices and the positive, negative sign 

because the expansion and contraction on the particles of composite laminate plate. 

  

 

Fig. (19) Effect of different boundary conditions on normal strain  varies 

with time of  under thermal cyclic loading. 
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Fig. (20) Effect of different boundary conditions on normal strain  varies 

with time of  under thermal cyclic loading. 

CONCLUSIONS 

This research conclude from its obtaining results under dynamic load (free vibration and dynamic 

response) of fiber-reinforced laminated plates comparing  with analytical work, FEM and other 

investigations using different numerical and theoretical methods as follow : 

 the maximum dynamic central deflection is decreased with the increasing of different fiber 

volume fractions of heating and cooling and that due to due to the increasing of the value of 

natural frequency (free vibration analysis) for both thermal loadings 

( . 

 the increasing of fiber volume fractions causing decreasing in overshoot percent, rise time, and 

settling time; but all the plate with different fiber volume fractions have the same settling time 

and reached to the steady-state at the same time. 

 The test of inter-laminar shear stress that the inter-laminar shear stress varies sinusoidal for both 

experimental, [3] and numerical solutions; but for analytical solution the inter-laminar shear 

stress reduced with time gradually. 

 The effect of different percent of combined loadings and different fiber volume fractions on 

deflection. In the case of (thermal cyclic +  and (thermal cyclic +  the deflection 

can be decreased with the increasing of fiber volume fractions for all the increasing of 

combined loadings percent; but the deflection can be increased with the increasing of loading 

percent for the same fiber volume fraction; but the deflection still constant with the increasing 

of loading percent of combined loading for the same fiber volume fraction for (thermal cyclic 

+   
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SYMBOLS 

English Letters 

a Large Span of Rectangular Plate (Length) 

b Small Span of Rectangular Plate (Breadth) 

CSSS 
Plate Subjected To Clamped-Simply-Simply-Simply 

Supported Boundary Condition 
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CSCS 
Plate Subjected To Clamped-Simply-Clamped-Simply 

Support Boundary Condition 

h Thickness of Rectangular Plate 

ILSS Inter-Laminar Shear Strength 

 
Bending Moment  Per Unit Length Applied In y-Direction Of The 

Plate 

 In-Plane Direct And Shear Forces 

 
Transformed Reduced Stiffness Elements 

SSSS 
Plate Subjected To Simply-Simply-Simply-Simply 

Supported Boundary Condition 

T1 Gradient Uniform Temperature  

 
Extensional Displacement Components In The 2-D Coordinate 

System 

u, v, w Displacement Components In The 3-D Coordinate System 

 
Mid-Plane Deflection Along z-Direction 

x, y, z The Cartesian Coordinate System 

 
Upper & Lower Lamina Surfaces Coordinates Along z-Direction 

Greek Letters 

 
Direct And Shear Coefficient Of Thermal 

Expansion Respectively 

 
Temperature Variation Through Laminate 

Thickness 

 
Orientation Angle From x-Axis 

υf Fiber Volume Fraction 

 

 

Cartesian Strain Vector 

 

 

Cartesian Stresses Field Vector 
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ABSTRACT 

Film condensation of steam on a vertical tube is investigated numerically and experimentally, 

in the present work. A mathematical model was set based on the basic conservation laws of mass 

and energy, Nusselts analysis of film condensation, and empirical equations available in the 

literature. Then, a simulation program in FORTRAN language was developed which simulates the 

film condensation of steam on a vertical tube. A complete steam tables subprogram was also 

developed and incorporated with the main program. The experimental work was carried out using a 

steam condensation test bench. The inlet and outlet cooling water temperatures, steam temperature 

and pressure, tube surface temperature at center, and cooling water flow rate are recorded during 

each experimental test run. The inlet cooling water temperature, steam temperature, and cooling 

water flow rate are used as an input for the numerical program, then the program calculates tube 

surface temperature distribution, cooling water temperature distribution, local heat transfer rate, 

local condensation heat transfer coefficient, condensate boundary layer thickness distribution, total 

heat transfer rate, and average condensation heat transfer coefficient. The effect of various 

parameters on the condensation heat transfer coefficient, such as steam temperature, steam-surface 

temperature difference, and the presence of non-condensable gas were investigated and reported 

graphically. It was found that increasing (steam-surface) temperature difference while keeping the 

steam temperature constant results in an increase in condensate boundary layer thickness, which in 

turn causes a decrease in condensation heat transfer coefficient. On the other hand, increasing steam 

temperature and keeping the (steam-surface) temperature difference constant leads to an increase in 

condensation heat transfer coefficient. In addition, the presence of non-condensable gas with 

different concentrations was also investigated and it was shown that it causes a noticeable reduction 

in the average condensation heat transfer coefficient. An equation for calculating average 

condensation heat transfer coefficient on a vertical tube was also developed. The experimental data 

obtained from the test runs were compared with numerical results and showed good agreement. 

Thus, it can be concluded that the present computational program is suitable for simulating steam 

condensation on a vertical tube. 

 

 ألخلاصة

ذان  وعاا الٌواورل الشٍاعاٌ . الحاالٌ الثحث، فٌ عولَآو آ، عذدًٍثوب عوودًا علي ف تخاس الواء الغشائٌدساسح ذكث دذو

ًواورل  ذان اعاذاد .شج فاٌ الأدتَااخ الوٌشاوسجوالطاقح وتاسارموا  هماادلاخ ذيشٍثَاح هراوف ي قواًَي الحفع الأساسَح للكرلحتالاسرٌاد ال

َااخ ، وهماادلاخ ذيشٍثَاح هراوفشج فاٌ الأدتالغشاائٌ ركثافًسلد للالأساسَح للكرلح والطاقح، ذحلَل  فعي الحهسرٌذ علي قواًَ سٍاعٌ

ذن تٌاء تشًااهج  كزلك. وزجح ذكثف تخاس الواء الغشائٌ علي إًثوب عوودًٌاعذاد تشًاهج هحاكاج تلغح الفوسذشاى ل وهي ثن .الوٌشوسج
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 إى .ف تخااس الوااءز تاسرموا  هٌصح إخرثاس ذكثاٌ ًفالمول الريشٍث. شًاهج الشئَسٌفشعٌ لحساب خواص تخاس الواء  ودهيه ها الث

 وًثاوب الساطحَ ح فاٌ الوشكاض، لا، دسجاح حاشاسج إالواء تخاس  وعغظ  دسجح حشاسج ,رثشٍذالواء الذخو  والخشول لحشاسج  ٌردسج

، دسجاح الرثشٍاذ وااءالاذخو  لدسجاح حاشاسج  خذام كل هاين اسرذلقذ . عولٌسيلد أثٌاء كل ذشغَل إخرثاسً  قذرثشٍذ هاء ال ذذفقًسثح 

 سااط ب ذوصٍااا دسجااح حااشاسج احسااتالثشًاااهج  ٍقااوم للثشًاااهج المااذدً، ثاان ذخلاخكواا الرثشٍااذ ًسااثح ذااذفق هاااءو، الواااء حااشاسج تخاااس

سوك ذوصٍا , ركثفتالالووعمٌ حشاسج ال  اقرًا، هماهل الووعمٌحشاسج ال  اقرًهمذ  ا، الرثشٍذ ًثوب ، ذوصٍا دسجح حشاسج هاءالإ

دساساح ذاؤثَش المواهال  دذوا. ركثفالوروساظ تاالحاشاسج ال  اقرًاهماهل و، ٌكلالحشاسج ال  اقرًهمذ  ا، طثقح السائل الوركثف الوراخوح

، سط  الاًثوب و الواء حشاسج تَي تخاسالتذسجح  الثخاس، الإخرلاف دسجح حشاسجحشاسج تالركثف، هثل ال  اقرًاالوخرلفح علي هماهل 

ساط  الاًثاوب هاا تقااء دسجاح  وحاشاسج تاَي تخااس الوااء اللقذ وجذ اى صٍادج الإخرلاف تذسجح . وكزلك وجود غاص غَش قاتل للركثف

حاشاسج الة تاذوساا ًقصااى فاٌ هماهال ًقال ثسائل الوركثف الوراخوح، والرٌ ذسحشاسج الثخاس ثاترح ٍؤدً الي صٍادج فٌ سوك طثقح ال

حشاسج تَي تخاس الواء و ساط  الاًثاوب ثاتراآ الشى، صٍادج دسجح حشاسج تخاس الواء وتقاء الإخرلاف تذسجح هي الٌاحَح الأخ. تالركثف

ذ دسط قا تٌساة هخرلفاح فثا، ذااثَش وجاود غااص غَاش قاتال للركالي رلك تالإعافح. حشاسج تالركثفال  اقرًاٍؤدً إلي صٍادج فٌ هماهل 

حاشاسج اللحسااب هماهال اًرقاا  ذان كازلك اعاذاد همادلاح . حاشاسج تاالركثفال  اقارًاة ذخفَض هلحوظ فٌ هماهال أٍضا ووجذ تؤً ه ٍسث

دٍاح وذان قوسًاد تٌراائج الثشًااهج المذ الريااسب المولَاحالثَاًاخ الريشٍثَح الرٌ ذان الحصاو  علَ اا هاي  .ف علي اًثوب عوودًتالركث

اتٌ الحالٌ هٌاسة لٌوزجح ذكثف تخاس الوااء علاي إًثاوب الثشًاهج الحس وت زا، ٍوكي الاسرٌرال تؤى. فق جَذ تٌَ واواذالحصو  علي 

 .عوودً
 

KEYWORDS: Film Condensation, Steam, Two-Phase, Vertical Tube, Non-Condensable. 

 

INTRODUCTION 
The problem of heat transfer with phase change received extensive attention in the literature 

due to its wide range of applications in such diverse fields as heat exchange systems, chemical 

processing plants, evaporative condensers, distillation facilities, chemical vapor deposition 

processes, and many other industrial applications, including nuclear power plants. One of these 

problems is the heat transfer analysis of film condensation which is an important area in the design 

of heat exchangers. This mode of heat transfer is often used because high heat transfer coefficients 

can be achieved. However, in practical operations of the condensers, small amounts of non-

condensable gas may exist in working vapors due to characteristics of the system. It is well known 

that the presence of non-condensable gas in a vapor can greatly reduce the performance of the 

condensers (Collier, 1972).  

The heat transfer rates of laminar film condensation on vertical or nearly vertical surfaces 

were first predicted by (Nusselt, 1916). In Nusselt analysis, the condensate film was assumed to be 

thin and to have negligible inertial effects. Furthermore, it was assumed that the shear stress at the 

liquid-vapor interface was zero and that the temperature profile within the condensate film was 

linear. Following the publication of Nusselt's findings, many researchers attempted to improve the 

accuracy of the original analysis by implementing more realistic assumptions. (Rohsenow, 1956) 

modified the Nusselt's analysis by including the energy convection in the heat balance equation, but 

neglecting the inertial effects and suggested the modified latent heat of evaporation to account for 

the effect of the condensate temperature profile. 

The heat transfer characteristics for laminar filmwise condensation along a flat plate with 

variable surface temperature using Nusselt's theory were studied by (Hosokawa et al., 1999). They 

calculated the local and averaged heat transfer coefficients on a condensing surface temperature on 

the heat transfer characteristic and they found that this characteristic on a condensing surface 

depends on the temperature distribution on the surface. Furthermore, they also investigated the 

effects depending on whether the cooling water was flowing co- or counter-current to the direction 

of the condensate flow. Furthermore, (Moon et al., 1999) investigated the local heat transfer 

coefficient experimentally for the reflux condensation in a vertical tube in a countercurrent flow 

between the steam-air mixture and the condensate. It was concluded that the presence of the air in 

gas up flow causes a remarkable decrease of the heat transfer coefficients compared to the same 

flow rate of pure steam. 
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The effects of non-condensable gas on the direct contact film condensation of vapor mixture 

under an adiabatic wall condition were investigated by (Lee et al., 2001). They carried out a series 

of experiments for condensation of the steam/air mixture into the water film on the nearly vertical 

wall. The air mass fraction, the velocity of the mixture, the water film flow rate, and the subcooling 

at the inlet were selected as the experimental parameters affecting the direct contact condensation 

heat transfer coefficients. They found that the average heat transfer coefficients decrease as the air-

mass fraction of the mixture increase, due to air concentration resistance near the interface. 

The effects of the flowing mixture of steam and air on the condensation heat transfer at 

atmospheric pressure varying the air concentration was accomplished experimentally by (Chung et. 

al., 2004). Rates of heat transfer had been measured on a single face of a water-cooled flat plate 

suspended vertically in a cylindrical test section as steam and mixtures of steam and air flowed over 

it. The test results for pure steam showed good agreement with the predictions of the Nusselt 

analysis of natural convection condensation and the steam flow didn't affect the heat transfer. 

Moreover, it was concluded that the small steam flow over the cooling plate showed negligible 

effect to the condensation heat transfer but the mixture flow enhanced the heat transfer 

substantially. Besides the same authors, (Chung et al., 2004) presented later experimental results 

comparing film-wise and drop-wise condensations of steam and mixtures of steam and air at 

atmospheric pressure. By using the same test rig, both film-wise and drop-wise condensation heat 

transfer rates were measured, varying the air concentration, on a single face of water-cooled flat 

plates suspended vertically in a cylindrical test section as steam and mixtures of steam and air 

flowed over it. In the pure steam cases, the drop-wise condensation showed much higher heat 

transfer rates than film-wise condensation, which showed good agreement with Nusselt theory of 

natural convection condensation. However, in the steam and air mixture cases, as expected, both 

modes of condensation fell in similar range of heat transfer rates and these rates of heat transfer 

were governed more by the thermal resistance of the air rich layer. 

The accurate steady and unsteady numerical solutions of the full two-dimensional governing 

equations for the Nusselt problem were presented by (Phan and Narain, 2007). The computational 

approach of the Nusselt problem, which is composed of film condensation of saturated vapor on a 

vertical wall, produced results in agreement with the Nusselt solution. In that work, it was shown 

that the waves and wave effects were quite sensitive to the presence or absence of the wall noise. 

This sensitivity to the frequency and wavelength spectrum of the wall noise was exploited either to 

suppress or enhance the wave effects. Also, the results for this problem affirmed that heat transfer 

rates and shear rates were significantly enhanced by the presence of waves. Afterward, (Xu et al., 

2008) studied the laminar film condensation of saturated steam on an isothermal vertical plate. They 

reduced the two ordinary boundary layer equations of momentum and thermal energy to two 

ordinary differential equations by means of a set of similarity transformations. Their work showed 

the validity and the great potentially of the proposed technique for the nonlinear problems with 

multiple solutions. 

A comprehensive investigation for the steady-state mixed convection of a condensate film on 

an isothermal vertical tube in dry saturated vapor with a forced flow was performed by (Chang, 

2008). His analysis took into account the inertia and convection effects in the condensate layer and 

the resistance at the liquid-vapor interface. The numerical results indicated that the effect of the 

forced-flow parameter increases as the thickness of the liquid condensate layer increases. Another 

related problem is that of (Shang and Zhong, 2008) applied successfully the dimensionless 

velocity component method to the laminar free film condensation from vapor-gas mixture for 

similarity analysis and transformation of whole system of the governing partial differential 

equations. The set of dimensionless variables of the transformed mathematical model greatly 

facilitates the analysis and calculation of the velocity, temperature and concentration fields, and 

heat and mass transfer of the film condensation from the vapor-gas mixture. It was confirmed that 
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the presence of the non-condensable gas is a device factor in decreasing the heat and mass transfer 

of the film condensation and it was found that an increase of the wall temperature will increase the 

negative effect of the non-condensable gas on heat and mass transfer of the film condensation from 

the vapor-gas mixture. 

In order to investigate steam film condensation on a vertical tube, a mathematical model 

based on the basic conservation laws of mass and energy, Nusselts analysis on film condensation, 

and empirical equations available in published literature is developed in the present work. 

Additionally, a computer program simulating steam film condensation on a vertical tube utilizing 

the above mathematical model is elaborated. Then, experimental test runs are carried out using a 

condensation unit test bench. The experimental data obtained are compared with the results of 

simulation program. The effects of various parameters on the condensation heat transfer coefficient, 

such as steam temperature, steam-surface temperature difference, and the presence of non-

condensable gas are investigated and reported graphically.  

 

MATHEMATICAL MODEL 
The elemental volume taken into consideration is shown in Fig. 1. From which, it can be seen 

that cooling water moves upward through the inner diameter of the condenser tube from section  

(x+ dx) to (x), while the condensate film thickness increases in moving from section (x) to (x+ dx). 

The liquid film starts forming at the top of the tube and flows downward under the influence of 

gravity. The thickness of the film increases in the flow direction (x) because of continued 

condensation at the liquid–vapor interface. Heat in the amount of (hfg) is released during 

condensation and is transferred through the film to the tube surface at temperature  sT , which must 

be below the saturation temperature (Tsat) of the vapor for condensation to occur (Cengel, 2003). 

The analytical relation for the heat transfer coefficient in film condensation on a vertical plate 

was first developed by (Nusselt, 1916) under the following simplifying assumptions: 

 Both the plate and the vapor are maintained at constant temperatures of (Twall) and (Tsat), 

respectively, and the temperature across the liquid film varies linearly. 

 Heat transfer across the liquid film is by pure conduction (no convection currents in the 

liquid film). 

 The velocity of the vapor is low (or zero) so that it exerts no drag on the condensate (no 

viscous shear on the liquid–vapor interface). 

 The flow of the condensate is laminar and the properties of the liquid are constant. 

 The acceleration of the condensate layer is negligible. 

 The volume element of condensate liquid film on a vertical plate considered in Nusselt’s 

analysis is shown in Fig. 2, from which, a relation for calculating condensate liquid film 

thickness over a flat plate at any location (x) is given as; 
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Also, the local value of condensation heat transfer coefficient (hcond  x) over a flat plate is 

given by; 
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Then, the mean (average) value of condensation heat transfer coefficient over a flat plate and 

for the whole plate surface (hcond  av) is given by; 



Journal of Engineering Volume   16  December  2010 Number  4 
 

 

 

 

3416 

 

 

 

4
1

3

fg

0

  v  
  

    
 943.0 

1
















  LTT

Khg
dxh

L
h

wallsl

lvll
L

xcondacond



                (3) 

 

The condensate film in an actual condensation process is cooled further to some average 

temperature between  sT  and  xwallT   
, releasing more heat in the process. Therefore, the actual heat 

transfer will be larger. (Rohsenow, 1956) showed that the cooling of the liquid below the saturation 

temperature can be accounted for by replacing  fgh  by the modified latent heat of vaporization 

 
fgh  defined as; 

 

 xwallslfgfg TTCphh    68.0                                                 (4) 

 

For the calculation of the condensate film boundary layer thickness, Eq. (1) for steam 

condensation over a vertical plate derived by (Nusselt, 1916) was used, because the thickness of the 

condensate film boundary layer is small when compared with the tube diameter, and using the 

modified latent heat of vaporization (Rohsenow, 1956), Eq. (4). The buildup of the condensate 

liquid film starts from top of the tube while moving downward, while the cooling water comes from 

the bottom of the tube and moves upward. Thus, the numerical program was made to perform the 

simulation process starting from the top of the tube and moving downward with the condensate film 

boundary layer. Therefore, initial estimation of the outlet cooling water temperature must be made 

and an iteration process must be performed until reaching convergence for the inlet cooling water 

temperature through changing of the outlet cooling water temperature. 

In Eq.(1), there exist two unknowns, the condensate film thickness  x  and tube wall 

temperature  xwallT   
, which requires estimation of the wall surface temperature and solving for 

condensate film thickness, then, heat transfer rate is calculated by two ways, first, by conduction 

from the liquid film surface at a temperature of  sT   to an estimated outside tube surface at a 

temperature of  
estxwallT   , and second, by conduction and convection from an estimated outside tube 

surface at a temperature of  
estxwallT    to the cooling water entering the element with a temperature of 

 xwT  , when both values of heat transfer rate become equal with a specified tolerance, then the 

estimated value of tube wall surface temperature is correct, otherwise, iteration process must be 

made by correcting the estimated tube wall surface temperature. 

The heat transfer rate from the liquid film surface, which is assumed to be at steam 

temperature, through an elemental length  dx , shown in Fig. 1, with an outside surface temperature 

of  xwallT    is equal to the heat transfer rate from the outside surface of the same element at a 

temperature of  xwallT    to the cooling water entering the element with a temperature of  xwT   , this 

gives, (Incropera et al., 2007); 

  

int

xwxwall

f

xwalls
x

RR

TT

R

TT
Q







                                                                                (5) 

 

Where,   

 

 
  

dxK

rr
R

l

f
   2

ln 22




                                                                                                                          (6) 



W.S. Sarsam                                                                         Numerical And Experimental Investigation Of Steam 

 L.F.Ali                                                                                  Film Condensation On A Vertical Tube                       

  

 3416 

 

 
dxK

rr
R

t

t
   2

ln 12


                                                                                                                                   (7) 

 

 
inxin

in
Ah

R
   

1
                                                                                                                                     (8) 

 

For the range of cooling water flow rates used, the Reynolds number values calculated 

showed that the flow is laminar. Also, for the length of tube used and range of Reynolds number 

values, it was found that the flow is neither hydro-dynamically nor thermally fully developed. 

Therefore, the correlation proposed by (Sieder and Tate, 1936) was used for the calculation of the 

inside convection heat transfer coefficient of the cooling water as; 
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Where,   
l
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Eq. (9) is used with the following conditions; 
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The local condensation heat transfer coefficient (hcond x) is calculated from the following 

relation; 
 

 2  
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While the average condensation heat transfer coefficient (hcond av) can be calculated using the 

following relation; 
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STEAM TABLE FORMULATION 
The steam table was developed as a subroutine for the simulation program. The steam and 

water properties were calculated using special correlation techniques including some numerical 

constants. Before calculating the steam and water thermodynamic properties, the following reduced 

dimensionless quantities were introduced as follows, (U K Steam Tables, 1970); 
 

pressure saturation reduced    the,
1c

sat

P

P
                                                                                   (13) 

 

re temperatureduced    the,
1cT

T
                                                                                                   (14) 
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 volumereduced    the,
1c


                                                                                                           (15) 

 

enthalpy reduced    the,
 11 ccP

h


                                                                                                     (16) 

 

Where, barPc  2.2211    (exactly) 

 K 3.6471

cT   (exactly) 

 kgmvc

3

1 00317.0   (exactly) 

 kgkJvP cc 1204.7011    (exactly) 

The reduced saturation pressure    as a function of the reduced temperature    was 

calculated using the following equation, (U K Steam Tables, 1970):  
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All values of the numerical constants for the steam table correlations are available in tables 

listed in appendix (A). The steam table correlations were sub-divided into two groups as follows: 

 

1. Correlations for Saturated Liquid Properties 

 

a. Reduced Volume (χ) 
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b. Reduced Enthalpy (ε) 
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Where, 
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c. Dynamic Viscosity (μ) 

 

    







 

 

5

0

4

0

,0 11exp
i j

ji

ji VRTRBBVR                                                                          (23) 

Where, 
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 KTTR 27.647                                                 (25) 
 

vVR 003147.0                                                                                                                              (26)  

 

d. Thermal Conductivity (K) 
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2. Correlations for Saturated Vapor Properties 
 

a. Reduced Volume (χ) 
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b. Reduced Enthalpy (ε) 
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Where, 
 

   1exp bX                                                       (30) 
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COMPUTER PROGRAM FLOW CHART 

The mathematical model described previously was solved numerically through a numerical 

calculation algorithm implemented by a developed computer program written in FORTRAN 

language. The flow chart of the computer program is shown in Fig. (3). The inlet cooling water 

temperature, steam temperature, and cooling water flow rate are used as an input for the numerical 

program, then the program calculates tube surface temperature distribution, cooling water 

temperature distribution, local heat transfer rate, local condensation heat transfer coefficient, 

condensate boundary layer thickness distribution, total heat transfer rate, and average condensation 

heat transfer coefficient. 

 

EXPERIMENTAL TEST RIG 

A bench-top condensation unit manufactured by Gunt, which is a German company, is used 

for performing the experimental work. It consists of the following parts, (see Fig. 4);  

( 1. Socket for PC interface, 2. Display and control panel, 3. Vessel (Glass cylinder), 4. Electric 

heater with power adjuster, 5. Cooling water connections, 6. Water jet vacuum pump, 7. Water jet 

vacuum pump adjustment valve, 8. Flow rate sensor, 9. Temperature sensor, 10. Cooling water 

adjustment valve, 11. Condenser tubes, 12. Pressure switch, 13. Condensate separator, 14. Drop 

collector, and 15. Level sensor ). 

The bench-top unit provides clear demonstrations of condensation processes in a glass 

cylinder. The system has one condensation tube with a polished gold-plated surface for drop-wise 

condensation, and one condensation tube with a matt surface for film-wise condensation, which is 

investigated in the present work. The two condenser tubes are fitted in the upper part of the vessel. 

Cooling water flows upward through the inside of the condenser tubes. The heat given off by the 

steam at the condensation tubes can be determined from the measurement of the feed (inlet) and 

return (outlet) temperatures and the mass flow rate of the cooling water. The inlet and outlet water 

temperatures are measured via a PTC sensor with transmitter. The flow rate of cooling water is 

adjusted via control valves. The electric heater is in the lower part of the vessel, the output power of 
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the heater is adjustable. The temperature of the steam is measured using a PTC sensor mounted in 

the upper part of the vessel. While the tube surface temperature is measured via a type (J) 

thermocouple fixed on the outside surface of each tube in the middle. 

The vessel is equipped with a pressure sensor to measure steam absolute pressure and a 

pressure switch to switch off the heater in the event of excessive overpressure. The vessel can be 

evacuated using a water jet vacuum pump. In order to prevent the escape of steam from the vessel, 

the suction pipe of the vacuum pump is fitted with cooling system and a water separator. The inlet 

and outlet cooling water temperatures, steam temperature and pressure, tube surface temperature at 

center, and cooling water flow rate are all recorded during each experimental test run. All 

parameters are measured electronically and displayed digitally. 

 

RESULTS AND DISCUSSION 

The effect of various parameters on the condensation heat transfer coefficient, steam pressure, 

steam-surface temperature difference and the presence of non-condensable gas, were investigated 

both experimentally and numerically and then reported graphically. In addition, the numerical 

results of the simulation program were compared with the data recorded in the experimental work in 

order to validate the numerical simulation program.  

Figs. 5 to 7 show the predicted values of tube surface temperature at center, outlet cooling 

water temperature and average condensation heat transfer coefficient, respectively, versus 

corresponding experimental data recorded during test runs for different values of steam temperature 

and (steam-surface) temperature difference. Fig. 5 shows good agreement between the numerical 

and predicted values. While Fig. 6 shows that the experimental outlet cooling water temperature is 

always higher than the predicted one, and that the difference between them increases with 

increasing steam temperature. This behavior may be attributed to the fact that the heat transfer to 

the cooling water continues even after the water leaves the effective length of condenser tube until it 

reaches the point where the outlet cooling water thermocouple is fixed. This makes the 

thermocouple reading always higher than the predicted value with noticeable error. This relatively 

large error in the outlet cooling water temperature leads to a relatively large difference between the 

predicted and experimental values of the average condensation heat transfer coefficient shown in 

Fig. 7, which shows a maximum error of about (23 %). From the above three figures, it can be 

concluded that the numerical program can be used to simulate the condensation of steam on a 

vertical tube with acceptable accuracy. 

The variation of predicted tube surface temperature along the condenser tube for different 

values of steam temperature and for a (steam-surface) temperature difference of (6.5 
o
C) is shown in 

Fig. 8. From which, it is clear that higher steam temperature leads, as expected, to a higher tube 

surface temperature. Also, it can be noticed that the decrease of surface temperature is 

approximately linear until reaching a point near the end of tube where the drop in temperature 

becomes faster, which may explained by the fact that the cooling water enters the condenser tube at 

the bottom and flows upward, and since the convection heat transfer coefficient at the tube entry is 

maximum, then the heat transfer rate to the cooling water will be higher and this will cause a faster 

reduction in tube surface temperature. 

The cooling water temperature distribution curves along the condenser tube at different values 

of steam temperature and for an inlet water temperature of (20.1 
o
C) and a water flow rate of (30 

l/h) are shown in Fig. 9. From which, it is clear that higher steam temperature gives a higher 

cooling water temperature along the entire tube length, which results from a higher tube surface 

temperature at high steam temperature shown in Fig. 8. 

The local heat transfer rate (Qx) distribution curves along the condenser tube at different 

values of (steam-surface) temperature difference and for a steam temperature of (95 
o
C) are shown 

in Fig. 10. From which, it is obvious that increasing (steam-surface) temperature difference 

increases the local heat transfer rate along the whole tube. Also, it can be observed that local heat 
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transfer rate increases relatively slow at the beginning of the tube, then speed up a little towards the 

tube end, which may explained by the fact the cooling water have a maximum convection heat 

transfer coefficient at its entry to the condenser tube at the bottom. 

The distribution curves of local heat transfer rate (Qx) along the condenser tube at different 

values of steam temperature and for a (steam-surface) temperature difference of (6.5 
o
C) are shown 

in Fig. 11. From which, it is apparent that increasing steam temperature increases the local heat 

transfer rate along the entire tube length. Also, it can be observed that local heat transfer rate 

increases relatively slow at the beginning of the tube, then speed up a little towards the tube end. 

This trend may be explained in the same way as that of Fig. 10. 

Curves representing a plot of condensate film thickness along the condenser tube at different 

values of (steam-surface) temperature difference and for a steam temperature of (95 
o
C) are shown 

in Fig. 12. From which, it is clear that higher condensate boundary layer thickness is obtained at 

higher values of (steam-surface) temperature difference, which is understandable from observing 

that the higher local heat transfer rates (Qx) occur at higher values of (steam-surface) temperature 

difference shown in Fig. 10. 

The local values of condensation heat transfer coefficient distribution curves along the 

condenser tube at different values of (steam-surface) temperature difference and for a steam 

temperature of (95 
o
C) are shown in Fig. 13. From which, it is obvious that the local condensation 

heat transfer coefficient increases with decreasing (steam-surface) temperature difference, since 

decreasing (steam-surface) temperature difference causes a decrease in the condensate boundary 

layer which is clearly shown in Fig. 12. The growth in condensate film thickness represents an 

increase in conductive resistance of the film and thus reducing local value of condensation heat 

transfer coefficient. In addition, the local value of condensation heat transfer coefficient decreases 

while moving towards the tube end because of the increase of condensate boundary layer thickness. 

Curves representing the distribution of local values of condensation heat transfer coefficient 

along the condenser tube at different values of steam temperature and for a (steam-surface) 

temperature difference of (6.5 
o
C) are shown in Fig. 14. From which, it is noticeable that the local 

condensation heat transfer coefficient increases with increasing steam temperature. 

The experimentally calculated values of average condensation heat transfer coefficient are 

plotted versus their corresponding steam temperatures in Fig. 15 for two cases, pure steam and with 

presence of non-condensable gas (air) at different concentrations. From which, it can proved that 

the presence of non-condensable gas with the pure steam even with small concentration can cause a 

remarkable reduction in the condensation heat transfer coefficient and heat transfer rate, which is a 

fact observed by many experimental researches in this field. The non-condensable gas can cause a 

drop in the condensation heat transfer coefficient even to a value of about (10 %) of that for pure 

steam. 

Points representing the intersection of the experimentally calculated values of average 

condensation heat transfer coefficient with numerical values of the right hand side of Eq. 3 defined 

as,        413

fg   /    LTTKhg wallsllvll  
 
, are shown in Fig. 16. Through these points, a line 

which best fits them is drawn, and it is found that a factor of (1.087) gives the slope of this line, 

therefore, it can be concluded that an equation for calculating average condensation heat transfer 

coefficient on a vertical tube can be written as; 
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CONCLUSIONS 

It was concluded that the values of tube surface temperature and cooling water temperature 

increase with increasing steam temperature for the same value of (steam-surface) temperature 

difference. From the elemental heat transfer rate distribution curves, it can be deduced that the heat 

transfer rate increases with increasing steam temperature and keeping the (steam-surface) 

temperature difference constant or with increasing (steam-surface) temperature difference and 

maintaining the steam temperature constant. It was found that increasing (steam-surface) 

temperature difference while keeping the steam temperature constant results in an increase in 

condensate boundary thickness, which in turn causes a decrease in condensation heat transfer 

coefficient. On the other hand, increasing steam temperature and keeping the (steam-surface) 

temperature difference constant leads to an increase in condensation heat transfer coefficient. In 

addition, the presence of non-condensable gas with different concentrations was also investigated 

and it was shown that it causes a noticeable reduction in the average condensation heat transfer 

coefficient even to a value of about (10 %) of that with pure steam. An equation for calculating 

average condensation heat transfer coefficient on a vertical was developed, which is given by Eq. 

33.  
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NOMENCLATURE 
 

Latin Symbols u = velocity [m/s]. 

A = surface area [m
2
]. V = cooling water velocity [m/s]. 

b = width [m]. x = tube axial length (vertical-coordinate) [m]. 

Cp = specific heat at constant pressure [J/kg
 o
C]. y = y-axis (horizontal-coordinate) [m]. 

d = diameter of tube [m]. Greek Symbols 

dh = hydraulic diameter [m].  = condensate boundary layer thickness [m]. 

dx = length of element [m].  = dynamic viscosity [kg/s.m]. 

g = acceleration of gravity [m/s
2
].   = specific volume = 1/  [m

3
/kg]. 

h = enthalpy [J/kg].  = density [kg/m
3
]. 

hcond = condensation H.T.C. [W/m
2
.
o
C]. Subscripts 

hin = forced convection H.T.C. [W/m
2
.
o
C]. av = average.   

hfg = latent heat of vaporization [J/kg]. est = estimated. 

K = thermal conductivity [W/m.
o
C]. f = liquid film. 

L = tube length [m]. in = inside, inlet. 

m  = mass flow rate [kg/s]. l = liquid. 

Nu = Nusselt number, dimensionless. out = outlet 

P = pressure [N/m
2
]. s = steam. 

Pr = Prandtl number, dimensionless. sat = saturation. 

Q = heat transfer rate [W]. t = tube. 

R = thermal resistance [
o
C/W]. tot = total. 

Re = Reynolds number, dimensionless. v = vapor. 

r1 = inner tube diameter [m]. w = water. 

r2 = outer tube diameter [m]. wall = tube surface. 
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T = temperature [
o
C or K]. x = local value at any (x). 

 

 

APPENDIX (A) 

Numerical Constants for the Steam Table Correlations (U K Steam Tables, 1970). 

 

Table 1 Values of numerical constants for Eq. (17) 
 

oK 10691234564.71   1

2 10608023696.2 k  2

3 10681706546.1 k  1

4 10423285504.6 k  
2

5 10189646225.1 k  
0

6 10167117320.4 k  1

7 10097506760.2 k  9

8 10k  69 k  

 

Table 2 Values of numerical constants for Eqs. (18) to (22) 
 

3

0 10824687741.6 A  2

1 10422063673.5 A  4

2 10096666205.2 A  4

3 10941286787.3 A  
4

4 10733277739.6 A  4

5 10902381028.9 A  5

6 10093911774.1 A  4

7 10590841667.8 A  
4

8 10511168742.4 A  4

9 10418138926.1 A  3

10 1001727113.2 A  10982692717.711 A  
2

12 10616571843.2 A  3

13 1052241179.1 A  2

14 102842279054.2 A  2

15 10421647003.2 A  
10

16 10269716088.1 A  7

17 10074838328.2 A  8

18 1017402035.2 A  9

19 10105710498.1 A  

10293441934.120 A  5

21 10308119072.1 A  14

22 10047626338.6 A  1

1 10438375405.8 a  
4

2 10362162162.5 a  1072.13 a  2

4 10342278489.7 a  2

5 1097585887.4 a  

105371543.66 a  6

7 1015.1 a  5

8 105108.1 a  1

9 104188.1 a  

10002753165.710 a  4

11 10995284926.2 a  1

12 1004.2 a   

 

Table 3 Values of numerical constants for Eqs. (23) and (24) 
 

0181583.00 AA ,  0177624.01 AA ,  0105287.02 AA ,  0036744.03 AA  
BBi,j

 

 j = 0 1 2 3 4 

i = 0 0.501938 0.235622 -0.274637 0.145831 -0.0270448 

1 0.162888 0.789393 -0.743539 0.263129 -0.0253093 

2 -0.130356 0.673665 -0.959456 0.347247 -0.0267758 

3 0.907919 1.207552 -0.687343 0.213486 -0.0822904 

4 -0.551119 0.0670665 -0.497089 0.100754 0.0602253 

5 0.146543 -0.084337 0.195286 -0.032932 -0.0202595 

 

Table 4 Values of numerical constants for Eq. (27) 
 

47.9220 a  5.28391 a  7.18002 a  77.5253 a  44.734 a  

9473.00 b  5186.21 b  0012.22 b  5186.03 b  3

0 106563.1 c  
3

1 108929.3 c  3

2 109323.2 c  4

3 101693.7 c  KT 15.2730    
 

 

 

Table 5 Values of numerical constants for Eqs. (28) to (32) 
 

10260321148.41 I  1

0 10574373327.1 L  1

1 10417061978.3 L  1

2 10931380707.1 L  
1

0 10683599274.1 B  1

01 10856067796.2 B  1

02 10438923329.5 B  1

03 10330662834.4 B  
1

04 10547711697.6 B  2

05 10565182058.8 B  2

11 10670375918.6 B  10388983801.112 B  
2

21 10390104328.8 B  2

22 10614670893.2 B  2

23 10373439453.3 B  1

31 10520918904.4 B  
1

32 10069036614.1 B  1

41 10975336707.5 B  2

42 10847535804.8 B  1

51 10958051609.5 B  
1

52 10159303373.5 B  1

53 10075021122.2 B  1

61 10190610271.1 B  2

62 10867174132.9 B  
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1

71 10683998803.1 B  2

72 10809438001.5 B  3

81 10552390126.6 B  4

82 10710218648.5 B  
2

90 10936587558.1 B  3

91 10388522425.1 B  3

92 10126607219.4 B  3

93 10508211677.6 B  
3

94 10745984054.5 B  3

95 10693088365.2 B  2

96 10235718623.5 B  110633333333.7 b  
1

61 10006073948.4 b  2

71 10636081627.8 b  1

81 10532322921.8 b  1

82 10460208861.3 b  
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Fig. (1) The elemental volume 

considered in the present work. 

Fig. (2) The volume element of 

condensate on a vertical plate considered 

in Nusselt’s analysis. (Cengel, 2003) 
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 Inlet cooling water temperature       
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inTW ) [ C ]. 

 Steam temperature (TS ) [ C ]. 

 Water flow rate ( QW ) [ hl ]. 

 

 

 

 

 

 Inlet & Outlet Data 
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trr  21
 

estHAV from Eq. (3) 

a 

2 

Call Steam to find (
v ) and (

fgh ) at TS . 

b 

Read 

 Tube outside radius (
2r ) [ m ]. 

 Tube wall thickness ( t ) [ m ]. 

 Tube length (TL ) [ m ]. 

 Number of elements ( NUM ). 

 Copper tube thermal conductivity     

(
tk ) [ CmW  ]. 

1 

Call Steam to find (
L ), (

Lk ) and (
L ) 

at TFILM . 

 esttestest TWALLTSAHAVQ   

NUMTLDX   

Call Steam to find (
L ) and (
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 36001000 QWMW L  
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estoutx TWTW  , 

DXrAX 121  , 01TS , 

DXrAX 220  , 02 TS  

DXPLPL   
 

c 

Call Steam to find (
L ) and (

L ) at 
xTW . 

Call Steam to find (
L ) at 

xTWALL . 

 

Calculate 
      LLLin dhV Re ,        

inNu  from Eq. (9) ,
   hLinin dkNuH   

Calculate 

inR  from Eq. (8) 

tR from Eq. (7) 

 
 tin
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1
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1 

Calculate '

fgh  from Eq.  (4). 

Calculate x  from Eq. (1),
 filmR from 

Eq. (6),   
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x

R

TWALLTS
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2

 

Fig. (3) Computer Program Flow Chart. 

 

Call Steam to find (
LCp ) at TFILM . 
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Fig. (3) Continued. 
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Fig. (4) Schematic diagram of the experimental test rig. 
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EFFECTS ON TURBULENT FLOW OVER A FLAT 

PLATE    
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College of Engineering 

Mechanical Engineering Department 

 

ABSTRACT 

The two-dimensional, incompressible, and turbulent boundary layer flow over a flat plate 

with suction or blowing from a spanwise slot is examined numerically.  The mathematical 

modeling involves the derivation of the governing partial differential equations of the 

problems. These are the continuity, the momentum, the energy and the (K-ε) turbulence 

model. Besides, the perfect gas law is also used. A numerical solution of the governing 

equations is approximated by using a finite volume method, with staggered grid and modified 

SIMPLE algorithm. A computer program in FORTRAN 90 is built to perform the numerical 

solution.The developed computational algorithm is tested for the flow over a flat plate (4m) 

long with uniform suction or blowing velocity ratios of (V/U∞ =± 0.0185, ± 0.0463 and 

±0.0925 m/s) are imposed on the slot for Reynolds number of (1.36 x 10
7
 ), based on the plate 

length. The position of the slot change in the range of (X/L=1/4, 1/2 and 3/4) from leading 

edge and also, change width of slot in the value equal (0.12, 0.2 and 0.28m).The plate 

temperature is (70 °C), with the free stream velocity and temperature are (8.6m/s) and (25 °C) 

respectively. In addition, the effects of pitch angles on the flow field are investigated in the 

range of (30
о 

  150
о)

.The numerical results show that, for a uniform blowing, location of 

slot equal (X/L=1/4) from leading edge, a significant reduction of skin friction coefficient, 

wall shear stress and boundary layer thickness [displacement and momentum] to occur. 

While, an increase in boundary layer shape factor. Reynolds stress (uv) is more decreased 

than [(uu) and (vv)], mean velocity profiles in wall coordinates and dimensionless distance 

(U
+
, y

+
) decreases. When slot location is moved downstream to locations (X/L=1/2 or 3/4) a 

similar behavior can be said and most effective slot is obtained as (slot at X/L= 3m) from 

leading edge. While width of slot equal (0.28m) is better than values equal (0.12m and 0.2m). 

An opposite observations for the case of suction. The numerical results are compared with 

available numerical results and experimental data and a satisfactory results are obtained.   
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                        الخلاصة

ثؼذ واٌلأٔضغاطٍ واٌّسرمش ػًٍ صفُحح ِسرىَح ِغ وظىد ذُ تحس ظشَاْ اٌطثمح اٌّراخّح اٌّضطشتح اٌصٕائٍ اٌ

َرضّٓ إٌّىرض  اٌشَاضٍ  اشرماق  اٌّؼادلاخ  اٌرفاضٍُح  اٌعضئُح   ٌٍّساٌح ، واٌرٍ   .شك صغُش دساسح ػذدَح

ذُ اسرخذاَ ,تالاضافح اًٌ رٌه.ٌلاضطشاب(   ε -  K) هٍ ِؼادلاخ الاسرّشاسَح، اٌضخُ، اٌطالح وِؼادٌح ّٔىرض  

 (Finite Volume Method)ذُ حً اٌّؼادلاخ ػذدَا تاسرخذاَ طشَمح اٌحعىَ اٌّحذدج .  ادٌح اٌغاص اٌّصاٌٍِؼ

ذُ تٕاء تشٔاِط ( . Simple Algorithm)تاسرخذاَ خىاسصُِح (   Staggered Grid )ِغ اٌشثىح اٌّضحفح 

اٌعشَاْ ػًٍ صفُحح  إٌّىرض اٌؼذدٌ َرضّٓ  .لأعاص اٌحً اٌؼذدٌ(   (FORTRAN 90حاسىتٍ تٍغح 

 ±,0.0463± ,0.0185±) ِغ فشض ٔسة سشع دفغ أو سحة ػًٍ اٌشك ِمذاسها (  4m)   ِسرىَح طىٌها 

0.0925=V/U∞ ) 1.36) ٌؼذد سَٕىٌذx10
7

دساسح ذاشُش ذغُش ِىلغ اٌشك . ورٌه تالاػرّاد ػًٍ طىي اٌصفُحح( 

دسظح حشاسج . 0.12,0.2,0.28m) ( ِغ اسرؼّاي لُُ ِخرٍفح ٌؼشض اٌشك(X/L=1/4, 1/2, 3/4)تّؼذي

ػًٍ (   25°C) ,(  /s 8.6 m) تُّٕا وأد سشػح  ودسظح حشاسج اٌعشَاْ اٌحش (  C°70)اٌصفُحح وأد 

(   α  ≤ 30°  °150≥)تالاضافح اًٌ رٌه، ذُ اٌرحمك ِٓ ذاشُش صاوَح اٌخطىج ػًٍ حمً اٌعشَاْ تحذود . اٌرىاٌٍ

ػٓ ِمذِح  X/L=1/4))ٍ حاٌح اٌذفغ، ػٕذ اخرُاس ِىلغ اٌشك تثؼذٔه فآِ خلاي إٌرائط اٌؼذدَح ٔلاحظ  .

، ( اٌضخُ،اٌسّه)ٔلاحظ ٔمصاْ ِؼاًِ الاحرىان ، الاظهاد اٌمصٍ ِغ ٔمصاْ سّه اٌطثمح اٌّراخّح , اٌصفُحح

، الاتؼاد (vv)و (uu)اوصش ٔمصاْ ِٓ Reynolds (uv )تُّٕا ِؼاًِ شىً اٌطثمح اٌّراخّح َضداد، اظهاداخ 

U)لاتؼذَح اٌ
+
,y

+
ذمً، وػٕذِا َرُ ذسٍُظ سشػح اٌذفغ ِٓ خلاي شك اخش َثؼذ ػٓ ِمذِح اٌصفُحح ( 

اِا ِمذاس اٌشك اٌزٌ (. X/L=3/4)ٔلاحظ أه ٔفس اٌشٍ َحذز وافضً ِىلغ فؼاي َثؼذ  (X/L=1/4, 1/2)ِصلا

ِلاحظره فٍ حاٌح ػىس اٌشٍ َّىٓ ( 012,0.2m)افضً ِٓ تمُح اٌمُُ الاخشي اٌرٍ ذساوٌ ( (0.28mَساوٌ

وذُ ِماسٔح إٌرائط اٌؼذدَح ِغ إٌرائط اٌؼذدَح واٌؼٍُّح اٌّرىفشج ووأد ٔرائط اٌّماسٔح ِماستح ِغ اخرلاف . اٌسحة

 .تسُظ ِغ إٌرائط اٌؼذدَح

 

KEY WORD: Local forcing, Turbulent boundary layer, effect of suction and 

blowing, Drag reduction, Boundary layer control. 
 

INTRODUCTION 

A turbulent boundary layer is one of the wall turbulence flows that affected by the 

presence of solid wall. According to experimental data, a turbulent boundary layer 

made up of inner and outer regions. The effects of wall suction or blowing have been 

studied experimentally and numerically, the physics of a blowing or suction boundary 

layer is in fact mostly a no slip boundary layer that is perturbed slightly by the 

addition / extraction of a small amount of fluid. Literature survey reveals that several 

methods have been done to investigate the effect of suction and blowing numerically 

and numerically by the authors: 

Park and Choi [1999] studied the effects of uniform blowing and suction over a 

flat plate on a turbulent boundary layer flow using the direct numerical simulation 

technique. The integration method used to solve Navier-Stokes equations. The 

magnitudes of blowing or suction are less than 10% of the free- stream velocity. The 

skin friction and near- wall turbulence intensities are significantly changed by 

blowing and suction. In the case of uniform blowing, the skin friction on the slot 

rapidly decreases. The streamwise vortices above the wall are lifted up by blowing, 

and thus the interaction of the vortices with the wall becomes weaker. Accordingly, 

the lifted vortices become stronger in the downstream due to less viscous diffusion 

(above the slot) and more tilting and stretching (downstream of the slot), resulting in 

the increase of the turbulence intensities as well as the skin friction downstream of the 

slot. The opposite is observed in the case of uniform suction. For both cases of 

blowing and suction, the streamwise turbulence intensity recovers quickly from 

blowing or suction, while other components of the turbulence intensities and 

Reynolds shear stress recover in a longer downstream distance. 
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Kim and Sung [2003] investigated the effects of time-periodical blowing through a 

spanwise slot on a turbulent boundary layer. The blowing velocity was varied in a cyclic 

manner from 0 to 2A
+
 (A

+
= 0.25, 0.50, and 1.00)  at  a  fixed  blowing  frequency  of  f

+ 

=0.017. The effect  of  steady blowing (SB) was also examined, and the SB results were 

compared with those for periodic blowing (PB). PB reduced the skin friction near the slot, 

although to a slightly lesser extent than SB. PB was found to generate a spanwise vertical 

structure in the downstream of the slot. This vortex generates a reverse flow near the wall, 

there by reducing the wall shear stress. The wall- normal and spanwise turbulence 

intensities under PB are increased as compared to those under SB, whereas the streamwise 

turbulent intensity under PB is weaker than that under SB. PB enhances more energy 

redistribution than SB. The periodic response of the streamwise turbulence intensity to PB 

is propagated to a lesser extent than that of the other components of the turbulence 

intensities and the Reynolds shear stress. 

Munem [2004] developed a general method for numerical solution of the steady state, two 

dimensional and incompressible turbulent flow over a flat plate with uniform suction or 

blowing. Turbulence effect was handled through considering K-ε model.The solution 

algorithm SIMPLE in cartesion coordinates system with staggered grid technique was used 

to solve the Navier- Stockes equations with continuity equation. The results show that, for 

uniform blowing, the skin friction rapidly decreases near the slot and increases in the 

downstream of the slot, the most effective pitch angle is obtained as (α= 60
o
) which gives 

the maximum reduction of skin friction coefficient. Near the blowing slot, the velocity 

fluctuations and Reynolds shear stress decrease, because their profiles are shifted away 

from the wall. An opposite observations are obtained for the case of suction velocities. 

Results were compared with available numerical and experimental data show a good 

agreement. 

       Krogstad and Kourakine [2000] investigated the effects of localized injection through a 

porous strip on a turbulent boundary layer at zero pressure gradient conditions 

experimentally. The magnitude of the injection velocity were kept very small (less than 1% 

of the free-stream velocity) to prevent separation near the injection strip and to keep the 

perturbations small. It was found that, the injection increases all the Reynolds stresses and, 

this perturbation dies out very slowly as the affected layer is sandwiched between the outer 

edge of the incoming boundary layer and a new layer that develops at the wall. A study of 

the anisotropy tensor indicated no effects of the blowing rate on the flow anisotropy 

downstream of the injection region. 

Park, Park and Sung [2003] performed an experimental study to investigate the effect of 

periodic blowing and suction on a turbulent boundary layer. Partical Image Velocimetry 

(PIV) was   used to probe the characteristics of the flow. Local forcing was introduced to 

the boundary layer via a sinusoidally – oscillating jet issuing from a thin spanwise slot. 

Three forcing frequencies (f 
+
= 0.044, 0.066, and 0.088) with a fixed forcing amplitude (A

+ 

= 0.6) were employed at Reө = 690. The effect of three different forcing angles (α = 60
ο
, 

90
ο
 and 120

ο
) was investigated under a fixed forcing frequency (f 

+
 = 0.088). The PIV 

results showed that, the wall- region velocity decreases on imposition of the local forcing. 

Inspection of the phase- averaged velocity profiles revealed that, spanwise large- scale 

vortices are generated downstream of the slot and persist father downstream. The highest 

reduction in skin friction was achieved at the highest forcing frequency (f 
+ 

= 0.088) and a 

forcing angle of (α = 120
ο
). The spatial fraction of the vortices was examined to analyze the 

skin friction reduction. 

 



N.N. Abdulla                                                                Parametric Study Of Suction Or Blowing  

S. L.Ghashim                                                              Effects On Turbulent Flow Over A Flat Plate    

 

 1616 

The present work deals with the calculation of the steady, two dimensional, incompressible 

and turbulent boundary layer over a flat plate with uniform suction and blowing,The main 

objective of the present work will be as follows: 

- Investigation of the important parameters of the boundary layer (skin friction coefficient, 

displacement thickness, momentum and shape factor) in upstream and in the downstream of 

the slot. 

- Using different positions of the slot in the range of (X/L= 1/4, 1/2 and 3/4) from the 

leading edge with a different slot widths (0.12, 0.2 and 0.28m). 

- Using different blowing and suction velocity ratios with a different pitch angles 

(30°  150°). 

- Studying the profiles of time- mean velocity component at several streamwise 

locations for different blowing and suction velocity ratios. 

 

 

PROPLEM DESCRIPTION 

 In the present study, a direct numerical simulation is performed to study the 

effect of uniform blowing or suction from a spanwise slot on a turbulent boundary 

layer over a flat plate see Figure (1). The free stream velocity (U  ) was (8.6 m/s) over 

a flat plate of (4m) long with imposed uniform suction or blowing velocity ratios on 

the slot with range of (
U

V
 = ±0.0185, ±0.0463 and ±0.0925) for Reynolds number of 

(1.36 x10
7 

) based on plate length .Also, the effects of pitch angles on the flow field 

are investigated in the range of (30° ≤ α ≤ 150°). 
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Fig. (1) Schematic diagram of computational domain 

 

-MATHEMATICAL MODEL 

The ensemble-mean equations of motion for steady state, two dimensional and 

incompressible flow over flat pate can be written in cartesian coordinates as follows 

[Awbi 1991]: 

 

- Continuity Equation   
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- Energy Equation 

The conservation of thermal energy in the control volume [Awbi 1991]: 
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- Equation of a Perfect Gas      
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     RTP                                                                                                                (5) 

 - Standard K- Model    
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 Table (1) Empirical constants in the (K-) [Lai and Makomaski  1989] 

      

Cμ C1ε C2ε σK σε σ σt 

0.09 1.44 1.92 1.00 1.30 0.7 0.9 

 

- BOUNDARY CONDITIONS 
 

1. Upstream Boundary Conditions: 

 UupU                   0upV         
h

up
K

up 005.0

5.1

        2
)(03.0


 U

up
K                  (8) 

                                   

2. Downstream Boundary Conditions: 

         Normally the velocities are known only where the fluid enters the calculation 

domain. At downstream, the velocity distribution is decided by flow field within the 

domain. For incompressible flow, the gradients normal to the downstream surface of 

all quantities are assumed : 

        
JNIJNI ,1, 

   

3. Wall Boundary Conditions: 

      The wall is the most common boundary encountered in confined fluid flow 

problems. In this section, a solid wall parallel to the u-direction is considered. The no-

slip condition (u=ν=0) is the appropriate condition for the velocity components at 

solid walls [Versteeg and Malalasekera 1995].In the case of turbulent flow, the 

calculation of shear stress near the wall needs a special treatment. This is due to the 

existence of boundary layers, across which steep variation of flow properties occurs 

and the standard (K-ε) model becomes inadequate. In order to adequately avoid these 

problems, it would be necessary to employ a fine grid near the wall, which would be 

expensive. An alternative and widely employed approach is, to use formula which 

known as “wall function”  

4. Free Stream Boundary Condition: 

 At y= δ: 

             

 







 TTPP
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NUMERICAL SOLUTION 

For the case of steady state, incompressible and two-dimensional turbulent 

flow, the general equation [Patanker 1980 ]: 
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Where: 
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 Convection term 






































yyxx
Diffusion term 

SΦ= Source term.                                

The source term (S) often depends on the dependent variable (). According to 

[Patanker 1980 ] the source term can be expressed as a linear form: ppu SSS                                                                                  

A control finite volume method developed by [Versteeg and Malalasekera 1995]  

is used to discretize the governing equations. These discretization equations are 

solved by using SIMPLE algorithm with hybrid scheme 

 

- the final discretised algebraic equation:  

uSSSANNAWWAEEAPPA                                                                  (10) 

 

Where: 

 

pSNWEp SAAAAA    

Where: 

 

 

 

 

- FURTHER NUMERICAL CALCULATION 

 The most important parameters for boundary layer flow, skin friction 

coefficient Cf, displacement thickness ,  momentum thickness , and shape factor 

H. these parameters are defined by the following equations [Schlichting 1968]: 
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H ,                (11)         

                                                            

   AE = [[0,De-0.5Fe]]+[[-Fe,0]] 

   AW = [[0,Dw-0.5Fw]]+[[Fw,0]] 

   AN = [[0,Dn-0.5Fn]]+[[-Fn,0]]  

   AS  = [[0,Ds-0.5Fs]]+[[Fs,0]] 
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Where:       
2.0

Re

376.0

x

x
            

- the displacement thickness (  ) is computed : 

dy
U
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 a numerical integration methods used which is called Trapezoidel rule (or 

integration with unequal segments) can be used. 

The general form of this method of integration is: 
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using the same numerical method to compute the momentum thickness.  

 

- RESULTS AND DISCUSSIONS    

Fig. (2) shows that the skin friction coefficient is changed significantly close to 

the region of local suction and blowing.In the case of no forcing, it is seen that, the 

skin friction coefficient decreases with the flow direction due to the decrease of the 

velocity gradient at the wall.  

In the case of uniform blowing ,the skin friction on the slot rapidly decreased 

.The near –wall streamwise vortices were lifted up by blowing, and thus interaction of 

the vortices with wall become weaker .Accordingly, the lifted vortices became 

stronger in the downstream due to less viscous diffusion (above the slot ) and more 

tilting and stretching (downstream of the slot), resulting in the increase of the 

turbulence intensities as well as the skin friction downstream of the slot.                                                                                                

In the case of uniform suction, the skin friction on the slot increased 

significantly. The near-wall streamwise vortices were drawn toward the wall by 

suction, and thus viscous diffusion became very effective near the slot, resulting in 

weaker streamwise vortices in the downstream of the slot. Therefore, the turbulence 

intensities as well as the skin friction decreased downstream of the slot. A similar 

trend were observed for blowing and suction for channel flow simulations by [Park 

and Chio 1999] for turbulent boundary layer flow.  

Fig. (3) show that the reduction of skin friction increases with increasing the 

velocity of blowing. Moreover, the reduction of skin friction may be related to the 

role of the large scale vortical structure in the vicinity of the wall. Therefore, the 

largest skin friction reduction is obtained at the higher blowing velocity ratio. While 

suction shows that, the reduction of the skin friction increases with decreasing the 

velocity of suction.  

Fig. (4) examine the effect of the pitch angle on the reduction of skin 

friction..The most effective pitch angle is obtained as (α=90°), which gives the 

maximum reduction of skin friction reduction. While the skin friction reduction is 

insignificant when (α) is larger than (90
ο
) in the case of blowing.

 
An opposite effect is 

observed in the case of suction. 

Fig. (5) show the variation of the skin friction coefficient at various position of 

the slot over a flat plate. For uniform blowing at locations 1m or 2m (X/L=1/4 or 1/2) 

from leading edge a significantly reduction in skin friction is created, but when the 

blowing is moved downstream to location at 3m (X/L=3/4) from leading edge, a 
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maximum reduction in skin friction coefficient is seen. While the uniform suction 

shows an opposite observations. 

Fig. (6) show the variation of the skin friction coefficient at different values for 

width of slot. For uniform blowing, the maximum reduction of skin friction is 

observed at width of slot (0.28 m). On the other hand, an opposite behavior is detected 

for suction case. 

Fig. (7-11) show that, the shape factor increases with uniform blowing and 

decreases with uniform suction, as compared to that of the unperturbed flow. From the 

variation of the shape factor shown in these figures, it can be said that, uniform 

blowing shows the characteristics of adverse pressure gradient flow, while uniform 

suction shows that of favorable pressure gradient flow. The value of shape factor is 

different from the normal range (1.2 - 2.4) because the distribution of velocity 

effected by suction or blowing. Near the exit of the computational domain, the shape 

factors for the cases of suction are nearly the same as that of the unperturbed flow. On 

the other hand, the shape factors for the cases of blowing are still different from that 

of the unperturbed flow, meaning that the recovery distance for the shape factor due to 

blowing is longer than that due to suction. For uniform blowing the shape factor 

increases with increasing the velocity ratios, pitch angle, width of slot and when the 

slot moves downstream. An opposite observations are obtained for the case of suction. 

This is consistent with observation of numerical results of Park and Chio [1999]. 

Fig. (12-23) show the limiting behavior of turbulence intensities (uu and vv) and 

the Reynolds shear stress (uv) at the blowing and suction walls. Its clear that, uniform 

suction decreases the magnitudes of the velocity fluctuations, while uniform blowing 

increases them near the slot. It is also seen that near the slot for suction the profile of 

the turbulence intensities shifts toward the wall,  and for blowing  away  from  the  

wall, but at downstream of the slot, the an opposite behavior is observed. This is 

consistent with the results of Chung and Sung [2001]. The increases or decreases in 

the maximum values of turbulence intensities and Reynolds shear stress depend on the 

blowing or suction velocity ratios. Above the slot, in case of blowing, when increased 

the velocities of blowing, the (uu) and (uv) are more decreased than (vv), while (vv) is 

more decreased than (uu) and (uv) in the case of suction. The same behavior 

opposerved at different pitch angles, different slot widths and different positions of 

the slot for uniform blowing and suction.  

Near the wall behavior of the streamwise velocity profiles in term of 













u

U
U  are shown in Fig. (24).  Here, the local friction velocity 





















wu  is 

calculated along the streamwise direction over a flat plate. For the case of blowing, 

the velocity retardation at the wall leads to a reduction in the local skin friction 

coefficient (Cf) because of the small friction velocity and this reduction is increased 

with increasing velocity of blowing. The opposite is observed for the case of the 

suction.  

Fig. (25) show the streamwise mean velocity profiles for forcing angle in the 

range (30°   150°). For uniform blowing, the forcing angle of (α   90°) caused 

more significant reduction on (U
+ 

), while an opposite behavior is observed in the case 

of the suction. 

Fig. (26) for uniform blowing, the slot location at 3m (X/L=3/4) from leading 

edge gives better results for mean velocity than the locations 1m or 2m (X/L=1/4 or 

1/2) from leading edge, but in the same location the flow does not appear significantly 

affected by the suction . 
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Fig. (27) show the predicted mean velocity profile in wall coordinates at 

different values of slot widths. Wider width of slot appears to be the most effective 

choice to reduce mean velocity profile; a reverse effect is showed for the case of the 

suction.  

 

COMPARISON OF THE RESULTS 

 

The numerical result of the present work is compared with available numerical 

result and experimental data. Some of the results show a discrepancy. This difference 

seems to be due to different magnitudes of blowing and suction velocities applied and 

also due to different widths of blowing and suction areas. 

In Fig. (28), the predicted skin friction coefficient is compared with the 

numerical data of [Park and Chio 1999]. As displayed in figures, the present 

simulation shows good agreement with the numerical data for two cases blowing and 

suction. 

Fig. (29) show the comparison of the shape factor with the numerical results of 

[Park and Chio 1999]. Satisfactory predictions have been obtained with the present 

results and a good agreement with available numerical data is observed 

It can be seen from the Fig. (30), that the present prediction of skin friction 

coefficient is in a reasonable agreement with the carefully reviewed numerical data of 

[Munem 2004].                        

. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2) Streamwise variation of skin friction coefficient for blowing, suction and 

without forcing. 

 

 

 

                                       

 

 

 

 

 

 

 

 

 

   Fig. (3) Variation of skin friction coefficient for various velocity ratios 
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Fig. (4) Variation of skin friction coefficient at various pitch angles. 
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                  Fig.(5) Variation of skin friction coefficient at various positions of the 

slot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6) Variation of skin friction coefficient at different values for width of slot. 
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Fig. (7) Streamwise variation of shape factor for blowing, suction and without 

forcing. 

 

 

 

 

 

  

 

 

 

 

 

 

Fig. (8) Variation of shape factor for various velocity ratios. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (9) Variation of shape factor at various pitch angles. 
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Fig. (10) Variation of shape factor at various positions of the slot. 

 

 

 

 

 

 

Fig. (11) Variation of shape factor at different values for width of slot. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Fig. (12) Variation of the Reynolds stress (uu) for various velocity ratios. 
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Fig. (13) Variation of the Reynolds stress (uu) at various pitch angles. 

 

 

Fig. (14) Variation of the Reynolds stress (uu) at various positions of slots. 

 

 

Fig. (15) Variation of the Reynolds stress (uu) at different values for width of 

slot. 
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Fig. (16) Variation of the Reynolds stress (uv) for various velocity ratios. 

 

 

 

 

 

 

  

 

 

 

 

Fig. (17) Variation of the Reynolds stress (uv) at various pitch angles. 

 

 

Fig. (18) Variation of the Reynolds stress (uv) at various poisons of the slot. 
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Fig. (19) Variation of the Reynolds stress (uv) at different values for width of 

slots. 

 

 

 

 

 

  

 

 

 

 

 

 

 

Fig. (20) Variation of the Reynolds stress (vv) at various velocity ratio. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (21) Variation of the Reynolds stress (vv) for pitch angles. 
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Fig. (22) Variation of the Reynolds stress (vv) at various positions of the slot . 

 

 

  

  

Fig. (23) Variation of the Reynolds stress (vv) at different values for width of slot.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (24) Variation of mean velocity profiles in wall coordinates at various 

velocity ratios. 
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Fig. (25) Variation of mean velocity profiles in wall coordinates at various pitch 

angles. 
  

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig.( 26)Variation of mean velocity profiles in wall coordinates at various 

positions of the slot . 

 

 

 

 

   

Fig. (27) Variation of mean velocity profiles in wall coordinates at different 

values for width of slot . 
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Fig. (28) Comparison of skin friction coefficient with numerical results of [Park 

and Chio 1999]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (29) Comparison of the shape factor with numerical results of [Park and 

Chio 1999]. 

 

 



N.N. Abdulla                                                                Parametric Study Of Suction Or Blowing  

S. L.Ghashim                                                              Effects On Turbulent Flow Over A Flat Plate    

 

 1666 

0 1 2 3 4
Distance (m)

-0.001

0.000

0.001

0.002

0.003

0.004

0.005

0.006

C
f

V/U=0.0185

V/U=0.0463

V/U=0.0925

Blowing
Angle=90
Slot Position[1 - 1.2]m

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Present work 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reference [Munem 2004]. 

Fig. (30) Comparison of skin friction coefficient with numerical results of 

[Munem 2004] 

 

CONCLUSION                                                                                  

 In the case of blowing, near the slot, the skin friction coefficient decreases and 

increases in the downstream of the slot. While a reverse action is observed for 

the case of suction. 

 The largest skin friction reduction is obtained at the higher blowing velocity 

ratios for uniform blowing.  
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 The most effective pitch angle is obtained as (α=90°) which gives a maximum 

reduction in skin friction coefficient. 

 For uniform blowing, location of slot at 3m (X/L=3/4) from leading edge is 

more effective location for reduction of skin friction coefficient, while a 

reverse action is observed for the case of uniform suction. 

 It was found that, a width of slot equal (0.28m) gives the maximum reduction 

in skin friction coefficient for uniform blowing. 

 Blowing causes a decrease in boundary layer thickness and increase in shape 

factor, while suction causes a reverse effect. The increase or decrease is 

proportional to the velocity ratios, positions of slot, and widths of slot.  

 Above the slot, in case of blowing, when increased the velocities of blowing, 

the (uu) and (uv) are more decreased than (vv), while (vv)  is more decreased 

than (uu) and (uv) in the case of suction.
 

 For uniform blowing, [U
+
 ] decrease with increasing velocity ratios, pitch 

angles, positions of slot and widths of slot. While a reverse action is observed 

for the case of the suction.
. 
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ABSTRACT 

 

This research studied forgeability of preheated billet of 25%GRPOM plastic through 

closed die forging technique using spur gear design. The type of deformation was 

discussed as well. This process had done after heating the billet and die assembly at  

100
o
C

 
 to achieve complete gear shape taking into consideration testing the product to 

insure no inside or outside defects with improvement in the mechanical properties. 

Cycle time to produce a complete shape was two minutes.  

 

 

 :الخلاصة
اليبا  جااايبة ىلبل ال ببس خب ل %( 58)قابلية العينة المسخنة مسبباا لمبادا ايسبيال المابباا بنسببة  درس البحث

ااريببط .  مببا ناق ببط نمببو الا بببااط ىلببل الاوعببة الم ببببلة.  ىببدل مليببة الاالببم المبلببخ باسبباخدار قالببم اببرسى
لبرض انااج ابرس  امبل ال ب ل اخببين بايىاببار ( رº 811)العملية بعد اسخين العينة ب مامبىة الاالم لدراة 

اسبابرخ بقببط .   المي اني يبةفحب  المنبام مببن البداخل ب الخبارن للببمان خلببو مبن العيبببم مب  احسبن الخ ببا 
 العملية يناان   ل  امل دقيااين

 
KEY WORDS: (Forging , GRPOM, Recovery, Dwell time).   

 

CLAIMS: 

 
 Forgeability of 25%GRPOM (celconR) through closed die forging technique to 

produce spur gear at (100
o
 C) conditions

                         

 Behavior of the polymer through forging action taking into consideration that 

typical forging process usually done at a temperature (5
o
C

 
) just below melting 

point (Kulkarni 1995). Melting temperature for it is about (166
o
C

 
). 
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INTRODUCTION 
 

Polyoxmethylene always has been referred to as polyacetal resin. This polymer as an 

engineering material has been fabricated by forging process after being filled with 

25%glass to get high stiffness. (GR POM) can be difficult cold forged (Wang &  Lin 

2007). It is almost fabricated after heating the billet and the tools to a temperature Just 

below softening point (KULKARNI 1995 ) to make it non-recoverable and ductile 

enough to reduce spring back phenomena   and to achieve product with high strength 

and stiffness better than what injection molding process does ( CRAWFOR1985). 

   In general a polymer can be either cold or warm formed. Solid phase forming (spa) 

indicates any of them (Wang &  Lin 2007). 

Press forming is to use a slow squeezing action of a press to transfer uniformly a great 

a mount of compressive force to the bulk of material (work piece) in three directions  

(COFFMAN1990). This process yields parts that have high strength to weight ratio thus 

is often used in the design of a particular applications where this property is of great 

demand  (CRAWFOR 1985). Compressive force in such technique actually depends on 

the billet dimensions and the amount of deformation for the work piece which is 

forged below softening point. 25%glass reinforced acetal is a thermoplastic, ductile 

after preheating. Closed die forging technique mostly used when the design beyond 

injection molding technique capability such as ultra high molecular weight polymer, 

complex design geometry or higher strength and stiffness are wanted (COFFMAN 

1990 ). The most powerful advantages of plastic gears may be the design opportunities 

they afford. Gear geometries overlooked by designers used to metal are often easy to 

mold in plastic, and they can reduce drive size, weight, and cost, in addition to their 

resistance to solvents and alkalizes and service temperature closed to 100C
0
. GRPOM 

has excellent clarity, dimension stability which prevents shrinkage (COFFMAN 1990).  

  

APPLICATIONS: 

                     

Spur plastic gears are usually used after machining for:  

 Low speed applications. 

 Power transmissions. 

 Film winding. 

            Examples of spur GRPOM gear uses:  

 Windup alarm clock. 

 Washing machine. 

 Electric screw driver.  

 Oscillating sprinkler. 
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FRONT VIEW 

 

 

 

 

 

    

                                                                                                                                                               
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 

 

 

TOP VIEW 

 

                                      Fig.1: DIE DESIGN ( in mm) 
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EXPERIMENTAL PROCEDURES: (Fig.2, Fig.3) 

 The process was done using slow speed press.   

 The billet was a solid rod of GRPOM with cross section area of (25mm); 

length was (65mm). 

 Number of samples (billets) used =20 

 The die of gear had out side diameter equal (51mm) and inside equal (39mm). 

Tooth number = 14. 

 A load cell consisted of strain gauge was used to transmit the compressive load 

to the strain recorder then to an amplifier. The amplifier then connected to 

Bryan X-Y plotter to get graphs of load against displacement, then to be 

converted later to (stress-(strain) curves describing the style of flow done by 

yielding action. 

 Billet specifications: 

 Tensile strength      = 65Mpa  

 Hardness (R.W)    = 80(scale M)          

Melting point         = 166
o
C

 
     

The billet was put into the die and whole assembly was placed in an oven over night. 

The temperature was adjusted to 100 
o
C

 
. The strain gauge was insulated from the hot 

punch by the use of an asbestos slab to prevent unwanted effect of strain gauge due to 

heating. After putting the die assembly below the machine punch, switching on, then 

The press head was brought down and the forging carried out. When the pen of the 

plotter started to move vertically, load was again held constant at that particular point. 

The process took two minutes to achieve complete plastic gear.( see Fig.2).   
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                                  Fig.2- stages of gear formation: 

 

A. The punch is ready to forge the billet. 

B. The pressure increased gradually to (80)Mpa to fill the cavity of the die        

except corners of tooth. 

C. The shape of spur gear was completed 

under 110Mpa.  

 

 

 

RESULS & DISCUSSION:  

 

Product test: 

 

The final result was a complete plastic gear produced through closed die forging 

process in two minutes for each sample(Fig.4), taking into consideration no inside or 

 

outside defects, but a smooth, shinny plastic gear was achieved with improvement in 

the mechanical properties, but in the direction of loading. 

Tensile strength = 140Mpa (in one direction). 

Tensile modulus = 4.2Gpa (in one direction).  

.Hardness (R.W) = 87 (scale M) 

Stress at 1% strain        = 10Mpa                               

 

PUNCH 
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 Yield stress at 3.5 strain = 56Mpa                                 

Forging pressure:  this was the stress required to form the gear shape due to punch 

action through the forging process indicated by stress-strain curve below.      

 1
st
 stage  =  80Mpa              

 2
nd

  stage =  110Mpa 

Dimensions stability were within 1% in three dimensions achieved after dwell time 

equal to 50second to reduce recovery action, in addition to eight hours outside the die 

to insure complete stability of dimensions that should not exceed 1%. 

 

                                               

     Dimensions of rod specimen in mm prepared for tensile test under     

designation of DIN 638 (see Fig.3)                                         

                                                   Table.1 

             

 Nominal      Length of           Standard         Length        Groove  

Diameter    Radial Section      Length        of the Jaws       Length        

----------------------------------------------------------------------------------------- 

   22.2           51.5                       400               89                 57  

  

 

 

Notes : 

  

 the diameter of the machined portion (a straight section groove) was 60% of 

the original length. 

 the length of the machined portion was 57.0 mm. 

 test specimen was machined for preparation. 

  five specimens were tested at room temperature, test time for each was three 

minutes. 

 the grips were tightened in  proper way to prevent slippage of the specimen. 

 the tensile strength was calculated by dividing the maximum load in Newton 

by the original minimum cross-sectional area of the specimen in square meters 

expressing the result in Pascal. 

 

 

 

 the modulus was calculated by extending the initial linear portion of the load-

extension curve and dividing the difference in stress corresponding to any 

segment of section on this straight line by the corresponding difference in 

strain. 

 the specimens were considered under type Rigid and Simi rigid  III rods that 

speed of test is 5 mm/min . 
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                                   Fig.3 : Tensile test specimen (dimensions are in table.3) 
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Fig.4: a smooth shinny plastic spur gear product -before 

machining-   using     glass  reinforced acetal (celconR) billet heated 

at 100
o
 C

 
. 

 

Load – Displacement curves behavior: 

 

According to Fig.5, two types of deformation behavior  can be recognized  

o Elastic range which is represented by (OA), that 22 KN was the load applied 

to achieve reduction in height equal to 1.25 mm. 
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o Viscous non-linear plastic deformation range that occurred because this 

polymer behaved as viscous element and non-linear simultaneously.        

These behaviors  represented by:   

o (AB) which is the deformation occurred due to increased load from 22 KN 

(yield point) to 45 KN that was the load required to achieve displacement 

equal to 11.75mm at the plastic zoon.  

o 2. (BC) which is the deformation occurred due to  increased load from 45KN 

to 80KN to fill the whole cavity   of gear die. For this section, a reduction in 

height equal to 3mm was achieved. Hence a total reduction in height through 

whole process was 16.5mm. 

                                                                                                                            

                                                                       

                                                                                 

 

                                                                                            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                   Fig.5: load – displacement curve 

 
                                     

                                                           

                                                               

 

Stress-Strain relation: 

   

From Fig.6, the style of deformation indicates the pressure required through each step 

of gear formation that allowed strain to be represented according to the viscoelastic 

manner of the plastic material causing the plastic deformation to follow anon-linear 

strain path supposed to be horizontal straight line, but it is not, because the behavior 

of the polymer mentioned above (J.C.Choi 1999).  
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o Yielding action of the polymer was starting at applied pressure of 56Mpa, 

then increased to 70Mpa to achieve a viscous non-linear part of 12% strain. 

o A second part of strain - which is approached 17%  achieved due to constant 

pressure of 80Mpa. At this stage, the polymer filled gear die except tooth.  

o The pressure, then increased rapidly approaching 110Mpa until strain held 

constant and whole gear would be formed after two minutes time. 

 

  

 

 

  

HOT FORGING OF 25%GRPOM TO PRODUCE GEAR
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                                      Fig.6: stress – strain curve    

 

                                                                                
 
                                                                                                                
CONCLUSIONS: 
 

 The plastic material 25%GRPOM was capable of being used to produce gear 

through closed die forging technique after heating the billet & tools at (100
o
C). 

 Cycle time for the same work done at typical heating is 50 second (Kulkarni 

1995), while it took 120second ( including dwell time ) to produce a complete 

gear.   

 Excessive pressure were needed to fill the corners of the gear die with polymer 

to achieve complete tooth filling. That flange shape of the die required a stress 

of 80Mpa, while the tooth formation required 110Mpa. 

 The material showed viscoelastic behavior as it indicated in fig.5. 

 Mechanical properties improved more as long as heating far away below 

softening point, but with too long cycle time to prevent  possibility of 

recovery,  So, care should be taken in choosing the right polymer.       
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REMOVAL OF DIRECT BLUE DYE IN TEXTILE 

WASTEWATER EFFLUENT BY ELECTROCOAGULATION  

 
Atheer M. Ghalib 

Chemical Engineering Department –Collage of Engineering –University of Baghdad 

 
ABSTRACT  
Removal of direct blue dye by electrocoagulation method has been investigated using aluminum 

electrode in a bench-scale electrochemical system. Current density, NaCl concentration, 

electrocoagulation time, and dye concentration has been studied as effecting parameters in color 

removal efficiency. Increasing of current density will increase the color removal efficiency and 

energy consumption as well. While increasing NaCl concentration increase the color removal 

efficiency but it decrease energy consumption. High dye concentration is needed for extra 

electrocaogolation time to reach the same efficiency that obtained with low dye concentration .With 

current applied 0.35 amps. and NaCl concentration of 2 g/l more than 93% efficiency achieved in 

14 min. of electrocaogolation time.  

 

KEYWORDS 

Dye removal, decolonization, direct blue, electrocoagulation 
 

 روحو بطريقة التخثيرالكهربائي طمن مياه الصناعات النسيجية المة المباشر  الزرقاءأزالة صبغة 
 الخلاصـة

تام .يميااو  مختبار كستخدام اقطاب الالمنيوم بنظام كهرو أبطريقة التخثير الكهربائي ب  ةالمباشر  اءزرقالدُرست الازالة المونية لصبغة 
زمااال التخثيااار الكهرباااائي و تركياااز الصااابغة ككواماااز ماااوثرة فاااي ك ائاااة ازالاااة  ,مماااد ودروكسااايد الصاااوديومتركياااز  ,كثافاااة التياااارراساااة د

ة ازالااة المااول وتقمااز الطاقااة ينمااا زيااادة تركيااز الممااد يزيااد ك اااءب,ة ازالااة المااول والطاقااة المسااتهمكةفااة التيااار تزيااد ك اااءازيااادة كث.المااول
ه التاي تام التصاوز  ميهاا باائي ضااافي لمتصاوز  مام ن اس الك ااءالتخثيار الكهر  الصبغة الكالياة تتتااا الام زمالتراكيز .المستهمكة

لتاار تركيااز ممااد /غاام 2و امبياار 5390 بتسااميط تيااار مقااداره % 19ه اكثاار ماال تاام التصااوز  ماام ك اااء. فااي تراكيااز الصاابغة الواطئااة
 .ةدقيق 91مقداره  تخثيركهربائي بزمل ودروكسيد الصوديوم

 
INTRODUCTION  
 

From the early days of textile industries, the wastewaters of those industries were classified as 

the most polluting effluent, because of the volume of its influent as well as, variability and 

complexity   in pollutant contents involved. In particular, dyeing and finishing processes are 

responsible for large water pollution.  
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Dyes are considered to be dangerous organic compounds for the environment. High level of 

color is not the only reason, but dye may contain chemicals, which are toxic and carcinogenic, they 

causes variation in pH, high temperature, high biological oxygen demand, high chemical demand 

and high concentrations of suspended solids.  According to articles, nearly 40,000 dyes and 

pigments are listed which consist of over 7,000 different chemical structures. Most of them are 

completely resistant to biodegradation processes (Ayhan Demirbas, 2009). 
Dyes used by the textile industry are largely synthetic and are derived from coal tar and petroleum-

based intermediates. The primary classification of dyes is based on the fibers to which they can be 

applied. The chemical nature of each dye determines the fibers for which the dye has affinity and 

they are mainly divided into acidic dyes, reactive dyes, disperse dyes and, direct dyes (Yang C.-L., 

McGarrahan, 2005) 

Therefore, engineering effort has been focused on handling this problem, in many ways the solution 

came with several configurations, biological, Physical and chemical methods or combination of two 

or more of these methods. Biological treatment processes are often ineffective in removing dyes 

which are highly structured polymers with low biodegradability(O.T. Can, M. Bayramoglu, M. 

Kobya, 2003) .Therefor, the needing of pre-treatment appear obviously(D. Georgiou, P. Melidis, 

2003) 

In addition, many other treatment processes adopted to achieve the adequate settlement to eliminate 

dyes which listed under physico-chemical methods such as : adsorption on activated carbon, 

polymer and mineral sorbents or biosorbents(T. Robinson.,2002, A. Pala,2002)    

Chemical oxidation by ozone and hydrogen peroxide (E.G. Solozhenko,1995) and combining 

hydrogen peroxide with UV(A. Aleboyeh,2003, E. Kusvuran,2004) photolysis(W. Chu,2002)  

Among the above methods, electrochemical treatment appear to achieve strong promotion to dyes 

removal treatment ether by direct or indirect electrochemical technique, electrocoagulation draw 

attention in last years   ,Aluminum and iron sheets have been used as consumable anodes to 

generate coagulants that adsorb and remove organic dyes(M. Kashefialasl,2006, C. 

Phalakornkule,2009). 

An aluminum coagulant removes colorant by  complexation and electrostatic attraction followed by 

coagulation adsorption. Three main processes occur during electro-coagulation: electrolytic 

reactions at the surface of electrodes, formation of coagulants in aqueous phase, adsorption of 

soluble or colloidal pollutants on coagulants, and removal by sedimentation and floatation 

Electrochemical coagulation for textile effluent decolonization.[ Chen-Lu Yang a,2005, A. 

Wilcock,1992) 

  Aluminum sheets as consumable electrodes, Al
3+

 ions are produced on the anodes.  

Al → Al
3+

 + 3e
−
 (at anode)                                                                                          (1) 

 

3H2O + 3e− →
2

3
H2 + 3OH

−
  (at cathode)                                                                 (2) 

 

The destabilized particles then aggregate to form flocs. In the meantime, the tiny hydrogen bubbles 

produced at the cathode induce the floatation of most flocs, helping to effectively separate particles 

from wastewater. In addition, the cathode may be chemically attacked by OH− ions generated 

together with H2 at high pH values.( T. Picard,2000) 

 

2Al + 6H2O + 2OH
−
 → 2Al(OH)4

− 
+ 3H2                                                                  (3) 

 

Al(aq) 
3+

 and OH
−
 ions generated by electrode reactions (1) and (2) react to form various 

monomeric species which transform finally into Al(OH)3 according to complex precipitation 

kinetics (A. G¨urses,2002). Several interaction mechanisms are possible between dye molecules 

and hydrolysis by-products. 
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EXPERIMENTAL 
Bench-scale electrochemical system was used in this study. It consists of power supply model 

(KW/IC-TRIPLE, SCHWEIZ) with digital multimeter DT-832, cylindrical electrochemical reactor 

(9.5 cm diameter, 10cm high) made of PVC, provided with 7.5*4.5*1 cm graphite cathode, solid 

aluminum wire of 77 cm
2
 total area represent the anode electrode was coiled around the cathode as 

show in fig.(1).   Approximately 0.5 cm separated between the two electrodes. Before and at the 

end of each run, electrodes were washed thoroughly with water, dipped in HCl solution.  

Synthetic dye wastewater prepared by dissolving 50, 25, 10 ppm direct blue dye directly in a 

distilled water, using a commercially available Direct Blue , which its chemical structure shows 

below.1,2 and 4 g  of NaCl was added to each liter of solution and different currents of 0.1,0.2 and 

0.35 amps. were supplied to the system .The samples had been taken every two minute .All samples 

were allowed to settle for 20 min and after that they were analysed  

a UV-Vis spectrophotometer (Spectro SC, USA) at the wavelength of 570 nm was used to 

determine the color removal efficiency  . Where the color removal efficiency is written as: 

Color removal efficiency (%) = [(Ao-A)/ Ao)]*100 

where Ao and A are the light absorbance of dye before and after electrocoagulation, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

RESULT AND DISCUSSIONS  

 

The efficiency of color removal of direct blue dye was investigated as a function of current density 

and electrocoagulation time at constant NaCl concentration of 2 g/l and dye concentration of 20 

ppm.   

Fig.2 shows the color removal efficiency increases with increasing current applied to the reactor 

cell, when the current is 0.1 amp. The color removal reached 0.76 in 10 min. and over 0.9 in same 

time on 0.2 amp.  As well as the color removal remarkably increased to reach over 0.93 on 0.35 

amp. The amount of Al-coagulant in the solution is the factor determent the efficiency of color 

removal, this amount present sufficiently when the current is rising. Also the coagulation time 

offset the regression in the color removal efficiency resulted from falling behind of current applied 

to the solution.  

Fig.(1) Schomatric of electrochemical 

cell reactor 

1 

2 

3 

1-aluminum anode 2-graphite cathode 3- 

PVC cell body 

CH2CH2OH NH 

OH O 

O O2N 

OH 

Chemical structure of Direct Blue   
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Picking the proper working current density limited by economic motive, knowing the fact that 

choosing high current rising energy consumption. As shown in fig. 3 

Fig.4 shows the effect of NaCl concentration on efficiency of color removal at constant current of 

0.35 amp. and 20 ppm dye concentration. 

Increasing the concentration of NaCl in solution increases the efficiency of color removal. 

 However, in solution contain 0.5 g/l of NaCl the color removal is 0.76 in 10 min. of 

electrocoagulation time  and in 1 g/l of NaCl   the efficiency is 0.83 at the same time, while its 

reach 0.87 in 4 g/l  of NaCl .  

The above resulted from that during the operation chloride (Cl
−
) was present in solution and 

oxidation to produce chlorine gas (Cl2) on the surface of the anode. Some Cl2 evolved from the 

surface as tiny bubbles while the majority of Cl2 dissolved and equilibrated with hypochlorous acid 

(HClO), trichloride ions (Cl3
−
), and hypochlorite (ClO

−
) in the solution These are strong oxidizing 

agents and can be used to further oxidize the dye, that is not quite distinct in this study because of 

20 ppm of dye isn't adequacy amount to late the oxidizing agents play a significant role in the 

removal process. 

In the other hand, the increasing of NaCl concentration will reduce the voltage of the cell that 

causes reducing in energy consumption as shown in fig.(5) above obviously appear because of 

increasing the salt concentration mean increase in solution conductivity that result low cell voltage 

and low energy consumption.    
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Fig.(6) shows that the effect of dye concentration on color removal efficiency, it observed clearly 

that the high concentration of dye in solution needs more time to reach the desired removal 

efficiency that occurred  to that of low concentration , however, in 10 ppm dye concentration at 8 

min. the color removal efficiency is 0.78 ,in 20 ppm the color removal is 0.71 at 8 min. and its 

almost 0.55 with 50 ppm at the same time , again the electrocoagulation time offset the regression 

in color removal efficiency ,it can be reach a maximum value of 94 at  18 min. in 50 ppm dye 

concentration and 0.93 at 14 min in 20 ppm., also in 10 ppm. More than 90 can be reachs before 

this time. The reason behind that is high dye concentration needs for Extra time to react with Al-

coagulant that generated sequentially in solution.    
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CONCLUSION 
Electrocoagulation of direct dye is a sufficient method to treatment textile west. The current density 

is effective factor in electrocoagulation process also the time of which the dye is in treatment ,NaCl 

concentration provide additional factor to eliminate dye from solution .picking the working current 

density and NaCl concentration limited by economic motives. More than 93% color removal 

efficiency achieve in this research by  applying current of 0.35 amps. and NaCl concentration of 2 

g/l in 14 min. of electrocaogolation time using aluminum electrode. 

 
NOMENCLATURE  

 

Amp     Ampere 

ppm      part per million  
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ABSTRACT 

 

   Fixed bed sorption processes such as adsorption and ion exchange do not operate at 

steady state. The design equations are differential that usually require numerical methods 

to solve. Thomas gives a general analytical solution for these equations. It is based on 

second-order reaction kinetics and the assumption of Langmuir isotherm. Computer 

program for the solution of Thomas model was designed using MATLAB 7.0. Four sets 

of experimental data are tested to show the capability of Thomas model to predict the 

breakthrough curves for adsorption and ion exchange processes. These data represent the 

sorption of o-cresol from water by activated carbon, acetic acid from air by activated 

carbon, phenol from water by natural zeolite, and trichloroethylene from air by zeolite-

5A.The results show that there are a good agreement between the experimental data and 

the model. 

 

 اىخلاصت

أُ عَيياث الاٍخضاص واىخباده الايىّي ىيطىس اىثابج حنىُ ٍخغيشة ، فاىَعادلاث اىخاصت باىخصاٍيٌ هي ٍعادلاث 

 .حفاظييت ححخاج اىى حيىه باىطشق اىعذديت

اً ححيييي ىهزٓ اىَعادلاث ٍسخْذا عيى ديْاٍينيت اىخفاعو ٍِ اىذسخت اىثاّيت وٍعادىت حىٍاط اسخطاع أُ يعطي حو ع

 .  MATLAB 7.0حٌ اعذاد بشّاٍح سياظي ىَىديو حىٍاط بأسخخذاً . لاّنَيش عْذ اىخىاصُ

. يىّيأسخخذٍج اسبعت َّارج ٍِ اىخداسب ىغشض أظهاس ٍقذسة ٍىديو حىٍاط ىيخْبأ بَْحْياث الاٍخضاص واىخباده الا

اىبياّاث ٍثيج اٍخضاص الاوسثىمشيسىه ٍِ اىَاء بىاسطت اىفحٌ اىَْشط ، وحاٍط اىخييل ٍِ اىهىاء بىاسطت اىفحٌ 

اىْخائح بيْج . اىَْشط، واىفيْىه ٍِ اىَاء بىاسطت اىضيىلايج، وثلاثي ميىسوالاثييِ ٍِ اىهىاء بىاسطت اىضيىلايج

 .ىديواُ هْاك حطابك خيذ بيِ اىبياّاث اىعَييت واىَ
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-INTRODUCTION 

 

   Rigorous fixed bed models, usually cast in the form of partial differential equations, 

allow a realistic mathematical description of the sorption column dynamics. When the 

equilibrium relationship is linear, an analytical solution for the fixed bed dynamic 

behavior can always be obtained. For nonlinear systems the governing equations are 

usually solved numerically. Thomas model gives a general analytical solution for these 

equations based on second-order reaction kinetics and the assumption of non linear 

equilibrium relationship of Langmuir isotherm. Thomas neglects the axial dispersion 

[Chu, 2010]. 

  Thomas model is employed by many researchers to predict the breakthrough curves for 

adsorption and ion exchange [Chu, 2010, Han, et.al. 2009, Vijayaraghavan and Yun, 

2008, Han, et.al, 2007, and Han, et.al, 2007]. 

  Sorption from water or gas on a fixed bed of adsorbent is a process of unsteady state 

mass transfer between the liquid or gas and solid phase. The concentration of adsorbed 

substance in both phases is a function of both time and location in bed [Wolborska, 

1999].In simple fixed-bed adsorption, the solute undergoing adsorption is removed 

continually from the carrier liquid or gas and accumulates upon the surface of the solid 

phase. Such transfer proceeds until the concentration on the solid reaches a value 

corresponding to equilibrium with the concentration in the feed stream, and the column 

effluent reaches the feed concentration. Ion exchange is a case of exchange adsorption in 

which ions chemically bound in the resin phase are displaced in essentially stoichiometric 

proportions by ions initially in the liquid phase. In either adsorption or ion exchange, the 

step of accumulation in the solid phase is termed saturation. Sorption is commonly 

performed in a packed bed where a granular adsorbent such as granular activated carbon 

or natural zeolite is held stationary in a column and the contaminated water is contacted 

with the adsorbent by its continuous passage through the bed. In a typical saturation 

operation, the column effluent is practically free of solute until a state of complete 

saturation of the entire column is approached. From then on, the effluent concentration 

increases rapidly toward the original feed concentration. The solute concentration in the 

effluent may be plotted against the cumulative volume or against the elapsed time; such a 

plot is termed the concentration history for adsorption or exchange. The point in the 

concentration history at which solute concentration just reaches a detectable level is 

known as the breakthrough volume or breakthrough time. The portion of effluent 

concentration history in which the solute concentration increases from breakthrough to 

nearly complete saturation has been termed the breakthrough curve, the adsorption wave 

or the exchange zone. This region is of major practical importance, and the ensuring 
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derivations will be carried out in order especially to calculate this portion of the entire 

concentration history [Hiester and Vermeulen, 1952 McCabe, et.al, 2001]. 

   In both operations (adsorption and ion exchange) the concentrations in fluid and solid 

phase inside the bed depend both on position and time, it is unsteady state rate controlled 

process, therefore sorption occurs only in a particular region of the bed, known as the 

mass transfer zone, which moves through the bed with time [Thomas and Crittenden, 

1998].  

   The location of the breakpoint and the shape of the breakthrough curve (degree of 

concavity) are influenced by many parameters pertaining to the nature of the adsorption 

equilibrium isotherm and the mass transfer rate [Basheer and Najjar, 1996].   

Sorption processes are differential; they usually require numerical methods to solve [Tan, 

1984]. The general analytical solution is that of Thomas [Thomas, 1944], it is based on 

second-order reaction kinetics, but can also apply to diffusion-limited system, as 

demonstrated by Hiester and Vermeulen [Hiester and Vermeulen, 1952].  

   The aim of this study is to show the capability of Thomas model to predict the 

breakthrough curves for both adsorption and ion exchange processes. Four sets of 

experimental data represent adsorption and ion exchange for liquid and gas are used to 

test the model.  

    
FIXED BED PROCESS MODEL 

Methods of second-order kinetics 

   The following reactions for ion exchange and for physical adsorption will be                

considered [Hiester and Vermeulen, 1952, Smith, 1988]. 

 

 

 

   The rate for ion exchange at the particle surfaces, in the case of ions of the same 

valence, may be expressed as: 

                                 (1) 

   Where the parentheses denote concentration,  is the time,   is the rate constant for 

reaction, and  is equilibrium constant for the reaction. 

   Since the resin has a finite capacity, then the sum of the concentrations of  and 

 is equal to a constant [Sherwood, et.al, 1975].  

 

                                                                        (2) 
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   Similarly in the solution phase outside the resin, the sum of concentrations of  and  

is constant: 

                                                                                        (3) 

   The following substitutions may then be made: 

 

                                                                                                               

                                                                                         (4) 

 

   Here  is the amount of  combined per unit weight of dry resin;  is the ultimate 

capacity of dry adsorbent per unit weight;  is  the capacity of adsorbent that is reached 

at saturation. For ion exchange, only,  and eq. (1) becomes: 

                                                     (5) 

Assuming Langmuir equilibrium under practically isothermal reaction conditions, the rate 

for adsorption at the solid surfaces may be written [Keinath and Weber, 1968]. 

                        

Let: 

 

                                                                                    (6) 

 

 

                                                                    (7) 

Equations of transport 

    The material balance on the fluid and solid phase for an infinitesimal thickness of bed 

at any given cross section (neglecting the axial dispersion) is given by [Sherwood, et.al, 

1975]: 
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                                                                          (8) 

   Eq. (8) must be coupled with the following equation [Sherwood, et.al, 1975]: 

                                                                                   (9) 

   This equation expresses the rate of addition of solute to the solid phase in terms of the 

interface mass transfer coefficient and a driving force  to be selected 

[Sherwood, et.al, 1975]. is the kinetic coefficient based on a unit of exterior particle 

surface and  is the total surface in a unit volume of packed bed. 

    The design of a fixed bed device for adsorption or ion exchange requires solution of 

these two equations. 

 

Thomas solution for sorption breakthrough curves 

   The most useful treatment of the sorption design problem is that of Thomas [Thomas, 

1944]. Thomas assumed that the rate of adsorption on the right hand side of eq. (9) can be 

represented by an expression suggested by the stoichiometry of the monovalent ion 

exchange reaction then: 

                                             (10) 

   Eq. (10) is expressed in terms of a kinetic coefficient  and the two Langmuir isotherm 

constants (  and ) 

   The expression in square brackets is called the “kinetic driving force” and  is the 

corresponding “kinetic coefficient”. It is possible to relate  to individual mass transfer 

coefficients representing diffusion resistance in fluid and solid phase. Eq. (10) is 

simplified for further use by redefining the time scale by [Sherwood, et.al, 1975]: 

  

Then equations (8 and 10) become: 

                                                                                   (11) 

                                              (12) 

 

   Thomas model can be used to reduce equations (11 and 12) to a linear equation by 

introducing a transformation of the dependent variables. His solution for adsorption 
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boundary conditions on  and , such that  

and , can be expressed by following the nomenclature of Vermeulen et al. 

[Vermeulen, et.al, 1973]: 

 

                                       (13) 

 

Where: 

 

 

                                                                    (14) 

) 

 

 is the modified Bessel function of zero order, and the approximate calculation of the  

function is: 

                                                                                                     

                 (15) 

 

   Tan [Tan, 1980 and Tan, 1984] modified the work of Hiester and Vermeulen [Hiester 

and Vermeulen, 1952] by placing the dimensionless eq. (13) of the breakthrough curve,  

in a new form suitable for microcomputer application: 

 

                                                                             (16) 

 

            (17) 

 

 

                             (18) 

 

 

  The integral error function  was approximated as follows [Forbes and Underhill, 

1986]: 

. 

                        (19) 
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Where: 

                                                                                                  (20) 

 

 

   The number of transfer unit   , the separation factor  and the throughput parameter  

can be calculated as follows [Tan, 1984, Sherwood et.al, 1975]: 

 

 

  

 

     For spherical particles                                                 (21) 

 

 

 can be estimated for liquid sorption as follows [Treybal, 1985]: 

                                                                       (22)                                                 

  

  is the surface diffusivity ,can be estimated experimentally. 

 Can be estimated from the semi empirical correlation shown below [Sherwood et.al, 

1975]: 

                                                    (23) 
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   Where    is the equivalent diameter for non spherical particle of adsorbent. 

   The equations, that are used to estimate  for sorption of gases, are listed below 

[Sherwood et.al, 1975]: 

  

 

  

 

=  

                                                                 (24) 

 

 

 

   

 A computer program was constructed using MATLAB 7.0 software to calculate the 

outlet concentration at any time, in order to plot the breakthrough curves. Figure (1) 

shows the flow chart for MATLAB 7.0 program. 

Resistance to mass transfer between phases  

   The precise design of fixed bed units should allow for several sources of mass transfer 

resistance. The transport and subsequent adsorption of adsorbate onto adsorbent particle 

consists of three main mechanisms [Scott and Paul, 1987], they are, transport through the 

fluid boundary layer to the external surface of the adsorbent particle, Interparticle 

diffusion in the liquid phase (pore diffusion) and/or in the adsorbed state along the pore 

walls (surface diffusion), and adsorption to the solid surface of the pore. 
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   For eq. (10) to be employed in the design calculations, Thomas kinetics coefficient  

must be found from individual phase mass transfer coefficients as mentioned. 

   In pores of diameter much greater than the mean free path of a molecule diffusion 

occurs by process of molecular collisions in the gas phase within the pore (Max William 

or bulk diffusion), but if the molecular mean free path is much greater than the pore 

diameter diffusion occurs by molecules colliding with the pore walls (Knudsen diffusion) 

[Smith, 1988]. 

   Both molecular and Knudsen diffusion may occur in the same porous medium when the 

porous medium contains both macro pores and micro pores. The mean free path in liquids 

is so small that Knudsen diffusion is not significant.  

Surface diffusion coefficient can be obtained by using the procedure described by Foo 

and Carmen [Foo and Rice, 1979, Carman and Haul, 1954]. 

 

RESULTS AND DISCUSSION 

   Four sets of experimental data [Maghazachi, 1989, Ebrahim, 2010, Mustafa, 1992, and 

Ibrahim, 1992] are adopted and compared with Thomas model. 

   The first data applied sorption of acetic acid from air onto activated carbon; the second 

applied sorption of phenol onto natural zeolite; the third applied sorption of o-cresol from 

water by activated carbon; and the final data applied the sorption of trichloroethylene 

from air by zeolite-5A. 

   Table (1) shows the values of system parameters for the four sets. The breakthrough 

curves for experimental and theoretical data were plotted in Figures (2 to 5).   

   Figures (2 and 3) show a comparison between Thomas model and experimental data for 

the first and second sets, the average absolute errors was 6% and 5% respectively, a good 

agreement can be observed, and R
2
 were 0.930 and 0.963 respectively. 

  Figure (4) shows a comparison between theoretical and experimental data for the third 

set. The deviation of Thomas model from the experimental curve is due to that: the 

number of transfer unit (N) is equal to one for this set of data as shown in Table (1), and 

R
2
 equal to 0.881. High numbers of transfer unit (N≥10) will give less deviation, 

[Thomas and Crittenden, 1998]. 
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  Figure (5) shows the comparison between theoretical and experimental data for the 

fourth set. It can be observed that Thomas model is in almost good agreement with the 

experimental data above 400 second of time, and the deviation widen below this value 

.This is because that, Thomas model did not account for axial dispersion which is 

important in this case (low velocity and high concentration) see Table (1). A special 

consideration may be needed to include the axial dispersion within the resin particle, 

because axial dispersion for porous particle may be important when flow rates are low 

and the sorption is fast and strong, this can be seen in gases of low Reynolds number. R
2
 

was equal to 0.713 [Thomas and Crittenden, 1998]. 

  

CONCLUSIONS 

 The following points can be concluded from the present research: 

- Thomas model can be used to some extent predict the breakthrough curve for 

adsorption and ion exchange for gases and liquids. 

- Thomas model gives a general analytical solution that allows for nonlinear 

equilibrium relationship. 

- Less deviation between the experimental data and Thomas model can be obtained 

for high number of transfer unit (N) and for the case when the axial dispersion have 

no effect. 

  

 

                                   

 

 

 

 

 

 

 

 

 

 

Table (1): Values of the systems parameters 
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Symbo

l 

Units 1
st
 Set  

[Maghazachi, 1989] 

2
nd

 Set 

 [Ebrahim, 2010] 

3
rd

 Set  

[Mustafa, 1992] 

4
th

 Set 

[Ibrahim, 1992] 

  
0.4 0.58 0.4 0.714 

  
1.4 2.12 1.4 1.044 

  
0.068×0.26 0.05 0.068×0.26 0.02 

 
- 0.714 0.3 0.714 0.315 

  
303 303 313 305 

  
20 10 6 17.5 

  
157.2 0.142 0.4 2.32 

  43.7×  150×  100×  578×  

  
0.488 0.076 0.271 0.045 

  
236 x10

3
 70.85 x10

3
 12.2 x10

3
 3.45x10

3
 

  
4.3 5.2×  4.1×  0.06 

 
- 9 3 1 8 
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Fig. 1: Flow chart of the program in MATLAB 7.0 

 

No 

Yes 

Calculate normalized 

concentration (Equation 16) 

 

Print  

Calculate  (Equation 17) 

Calculate and 
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End 
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Input the constants of equation 
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(model constants), flow rate, bulk density, particle 
diameter, bed height, etc 

 

Input time 
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Fig. 2: Experimental and predicted breakthrough curves for sorption of 

acetic acid from air by activated carbon. 

 

  

 

 

 

 

 

 

 

 

  

Fig. 3: Experimental and predicted breakthrough curves for sorption of phenol 

from water by natural zeolite. 

  



Y. A. Mustafa                                                Utilization of Thomas model to predict the breakthrough   

S.E. Ebrahim                                                 Curves For Adsorption And Ion Exchang 

 

 
 

6219 

 

 

 

 

 

 

 

 

 

Fig. 4: Experimental and predicted breakthrough curves for sorption of o-cresol                    

from water by activated carbon. 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Experimental and predicted breakthrough curves for sorption of trichloro 

ethylene from air by zeolite-5A. 
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Nomenclature 

      

 

 

 
Solute species 
Interfacial area of solid phase per volume of bed, m2/m3 

 

 

Solute species 
Concentration of fluid, g/cm3 

 Initial concentration, g/cm3 

 Concentration of solute at equilibrium, g/cm3 

 Molecular diffusivity, cm2/s 

 
Fluid phase diffusivity, cm2/s 

 
Particle phase diffusivity, cm2/s 

 Kundsen diffusion coefficient, cm2/s 

 Surface diffusion coefficient, m2/s 

 Equivalent diameter of the particle, cm 

 
Particle diameter, cm 

      

 

Kinetic mass transfer coefficient for Thomas model, cm/s 
Mass transfer coefficient for fluid phase, cm/s 

 
Mass transfer coefficient in pore phase, cm/s 

 
Equilibrium  constant or Langmuir constant, cm3/g 

  =1+ co   or  

 Molecular weight, g/gmol 

 Number of transfer units 

 Adsorbate partial pressure,  

 Adsorbate partial pressure in the feed gas mixture,  

 Ultimate capacity of dry adsorbent, g/g 

 Fluid flow rate, cm3/s 

 Adsorbate phase concentration (capacity), g/g 

 
Maximum solid phase concentration value corresponding to  complete  coverage of 
surface by a monolayer, g/g 

 Adsorbed phase concentration at saturation, g/g 

 Gas constant, 8.3143 kJ/kmol K 

 Separation factor 

 External surface area per unit volume of particle, 1/cm 

 Temperature, K 

 Standard temperature,273K 

 Throughput parameter 

 Time, s 

 Superficial fluid velocity, cm/s 

  , Normalized concentration 

 Bed height, cm 

 Porosity  in packed bed 

 Contact time, s 
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 Bulk density of bed, g/cm3 

 
Particle density, g/cm3 

 Tortuosity factor 

 
Fraction void space inside the porous particles 

 
Reynolds number 

 Schmidt number 
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ABSTRACT 

This study presents a reliable and effective idealization scheme for the free vibration analysis 

of buried cylindrical storage tanks. The three dimensional problem is transformed into a two 

dimensional one by using a semi analytical finite element procedure. Conical shell of 

revolution element is used. to represent the cylindrical wall, top plate, and bottom plate of the 

tank by an appropriate method. The Combined effect of structure-soil-fluid interaction is of 

primary importance as concluded in this work. The soil medium is idealized by the elastic half 

space model, that is, linear springs are assumed to represent the structure-soil interface, added 

masses and viscous dampers of soil are also included. The liquid region is treated analytically; 

also analytical integration is used to got the added stillness and mass matrices for hydrostatic 

and hydrodynamic pressure effects, respectively. The free vibration characteristics of the 

liquid storage tank are validated against experimen.tal and theoretical results available in 

literatures. 

 انخلاصت

تتعًٍ انذراست تحهيم الاهتشاس انحز نهخشاَاث الاسطىاَيت انًذفىَت بأستخذاو غزق يلائًت ويبسطت بحيث تى تحىيم     

 Semi Analytical )انًسأنت ثلاثيت انبعذ انً يجًىعت يٍ انًسائم ثُائيت انبعذ بأستخذاو غزيقت شبه تحهيهيت 

Method. ) 

أٌ يٍ فىائذ هذا انعُصز هي أيكاَيت . اٌ عبارة عٍ عُصز صذفي بشكم يخزوغ َاقص نقذ تى اَتخاب تحهيهي نهخش    

استخذايه نتًثيم كم يٍ جذراٌ انخشاٌ الآسطىاَي وانقاعذتيٍ انعهيا وانسفهً بأستخذاو ساويتي تذويز يُاسبت نهعُصز 

 .انصذفي 

ئم انًىجىد داخهه يٍ جهه وانتزبت انًحيطت به يٍ تى الاخذ بُظز الاعتبار انتائيز انًتبادل بيٍ جذراٌ انخشاٌ وانسا    

يفزض (    Elastic Half Space)جهه أخزي بحيث تى ًَذجت انىسػ انتزابي أعتًادا عهً يبذأ َصف انفعاء انًزٌ 

 Added Masses and)يع كتم ويخًذاث اظافيت نهتزبت (        Elastic Springs)وجىد َىابط خطيت يزَت      

Dampers ) ,يا انسائم انًىجىد داخم انخشاٌ فقذ تى تحهيهه رياظيا أخذا بُظز الاعتبار تاثيز انعغػ انهيذروستاتيكي أ

 Added Stiffness and)وانهيذروديُاييكي نهسائم أثُاء الاهتشاساث حيث تى اشتقاق يصفىفاث جساءة وكتهت اظافيت 

Masses )كتهت نعُاصز جذراٌ انخشاٌ نتًثيم هذا انتاثيز وتعاف انً يصفىفاث انجساءة وان. 
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تى أجزاء دراست يىسعت تأخذ . خصائص الاهتشاس انحز نهخشاٌ تى أثباتها يقارَت يع عذد َتائج عًهيت وَظزيت سابقت     

   ....بُظز الاعتبار اهى انعىايم انًىثزة عهً انتصزف انذيُاييكي نهخشاَاث أثُاء الاهتشاس انحز 

INTRODUCTION 

Liquid storage tanks are important elements of lifeline and industrial facilities. These 

structures come in a variety of configurations; they might be elevated, ground-supported, 

partly or completely buried. In general, cylindrical storage tanks are widely used in practice as 

compared to other types because they are simple in design, efficient in resisting primary 

hydrostatic pressure, and can be easily constructed. The free vibration characteristics of liquid 

storage tanks have been studied by using various methods such as finite element methods, 

boundary integral techniques and variational methods. As the number and the sizes of these 

tanks increased, their behavior under free vibration become a matter of concern and led to 

investigations of their vibrational characteristics. The standard finite element models were 

shown to be capable, in principle, of dealing with any two or three-dimensional problems. 

Nevertheless, in cases where the geometry, and elastic, properties of the structure remain 

independent of the circumferential coordinate, semi-analytical finite element technique can be 

used to exchange the original Three-dimensional problem into several separate two-

dimensional problems by making use of Fourier series expansion in the circumferential 
direction, The exchange is worthwhile because a single three-dimensional solution is usually 
mach more expensive than several two-dimensional solutions. In buried tank analysis, there 

are two aspects of interaction that must be considered: 

- Interaction between the tank and the contained liquid. 

- Interaction between the tank-liquid system and the surrounding medium. 

The contained liquid is treated analytically as a continuum by the boundary solution 

technique, where the number of unknowns is substantially less than in those analyses where 

both tank components and liquid are subdivided into finite elements. A complete analysis of 

the soil-tank system by the finite element method is expensive and complicated; however, an 

elag.tio half-space model of the soil is employed with a finite clement model of the shell to 

exhibit the fundamental dynamic characteristics of the overall system  

and to assess the significance of the interaction on the free vibration response of tanks. 

 

TANK GEOMETRY AND COORDINATE SYSTEM 

A typical shape of tanks under consideration is shown in Fig. (1), it consists of a circular 

cylindrical, thin-walled liquid containers of radius , length , and thickness . The tank is 

partly filled with liquid to a height, H.A cylindrical coordinate system is used with the center 

of the base being tile origin. The radial, circumferential, and axial coordinates are denoted , 

, and , respectively, mid the corresponding displacement components of a point on the shell 

middle surface are denoted by  and  respectively. To describe the location of a point on 

the free surface during vibration, let  measure the superelevation of that point from the 

quiescent liquid free surface. 
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TYPES OF VIBRATIONAL MODES 

The natural free vibrational modes of a circular cylindrical liquid storage tank can be viewed 

as a combination of four distinct types of modes 
(5)

, and as follows: 

- Lateral vibrational modes of the tank wall itself under the action of hydrodynamic pressure, 

Fig.(2) 

- Circumferential vibrational modes involving ( ) type modes as shown in 

Fig. (3). 

- Low frequency sloshing modes of the contained liquid, Fig (4) 

-  Natural modes associated with the motion of a compressible liquid. 

The effects of sloshing motion and liquid compressibility are weak 
(7)

 therefore, these effects 

are assumed to be negligible for the purpose of present work. 
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FINITE ELEMENT FORMULATION 

Consider the conical shell of Fig. (5). The deformation in the shell can be .expressed in terms of 

the middle Surface deformations  and , that is, the meridional (axial), tangential and normal 

displacements, respectively. It is assumed that, the displacement vector  to vary 

sufficiently smooth along the circumferential (i.e. 0) direction, such that  may he expanded in a 

finite number of terms of Fourier series along the ddirection 
(4,9)

, viz. 

 

where each term of each series is called a harmonic (or a circumferential wave),  is the order nf 

each harmonic. and  is the number of Fourier terms. The subscript (s) refers to symmetric 

components of displacement while (a) applies to antsymmetric components; therefore, the 

solution becomes capable, of representing the general non-axsymmetric case. The shape 

functions associated with the axial and tangential displacements (i.e.  and ) are taken to be 

linear between the nodal points. However, those associated with the radial displacement (i.e., 

Hermitian polynomials to assure slope continuity at the nodes. 

For each harmonic , the displacement field vector, , in terms of the coordinate  is: 

 

 
and the generalized coefficients vector  is 

 
Introducing the boundary conditions at  and  into Eq. (3) gives: 



      A. F. Ali                                                                                    Free Vibration Response Analysis                                                                                           

  H. M. Ali                                                                                  of Buried Cylindrical Storage Tanks 

 

 6247 

 

 

  

in which 

 

and the submatrix  is of the form: 

 

Eq.(5) is now inverted to establish the generalized coefficients vector  in terms of the 

generalized nodal displacement vector, , as follows: 

 
and the submatrix  is of the form: 
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Substituting Eq.(8) into Eq.(2) gives: 

 

 
in which  is a matrix of the interpolation functions given by 

 

 
 

where the submatrix  is of the form: 

 

 

 

 
and  
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Substitute Eq.(11) into Eq.(1) gives: 

 
 

Strain-Displacement Relations 

The strain of the middle surface in terms of the middle surface displacements are given by 
(4,9)

 

 
where  is the angle shown in Fig.(5) 

and  denote normal strain, shear strain and curvature, respectively. 

Substituting Eq.(15) into Eq.(16) gives:  
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The submatrix  refers to the symmetric part of the strain-displacement matrix and  refers 

to antisymmetric part. 

 

CONSTITUTIVE RELATIONS 

For linearly elastic homogenous and isotropic material, the force and moment resultants can be 

expressed in terms of the normal and shear strains in the middle surface ; in terms 

of midsurface changes in curvature  and  and in terms o fthe midsurface twist, , as 

follows 
(1,9)

 

 

where  and  are referred to as the effective membrane shear force resultant and the effective 

twisting moment resultant, respectively, 

and the matrix  is of the form
(4)

: 

 

Where  is the element constitutive matrix  

 
in which  denote the modulus of elasticity; thickness of the shell element and Poisson’s 

ratio, respectively. 

Substituting Eq.(18) into Eq.(21) gives: 
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STIFFNESS & MASS MATRIX FORMULATION 

The strain energy of any system is given by 
(1,4,5) 

 

Substituting Eq.(18) and Eq.(24) into Eq.(25) gives: 

 

 

 

For the  term, Eq.(26) may be expressed conviently in terms of the element stiffness matrix 

 as: 

 

In which, e is the subscript including ”element”; NEL is the number of shell element along the 

shell length.  

and  is of the form 

 
The kinetic energy of the shell, neglecting rotary inertia can be expressed as 

(1,4,5)
 

 
In which  is the mass of the shell per unit volume;  is the displacement vector defined by 

Eq.(11) and the dots ( ) denotes differentiation with respect to the time . 

sub. Eq.(11) into Eq.(29) results in: 

 
Eq.(30) can be written as: 

 
In which,  is the consistent mass matrix of the element which can be defined by: 
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MATHEMATICAL MODEL 
The components of a typical buried cylindrical tank arc explained briefly as below: 
- Tank wall: The geometrically axisymmetric shell is discretized as a series of frustums of 

connected at their modal point circles. In the case of a cylindrical tank, the cone shall be changed 

to a cylinder since the radius has a constant value. This means that, the angle  indicated in 

Fig.(5), becomes equal to zero. See Fig(6-a). 

- Top and bottom plates: making use of the conical shell element, these plates shall be 

represented by several elements after putting . This concept is shown in Fig.(6-a). A 

small hole at the center of plate is used to avoid the singularity at the center r=0. 

- Contained liquid: the liquid region is treated by an analytical model taking into a count the 

effect of the hydrodynamic pressure and the initial hoop stresses due to the hydrostatic pressure. 

These effect are estimated by considerable details and will be discussed later. 

- Surrounding soil. An elastic half space model is used to represent the soil-tank interaction. The 

interaction system represented by a set of discrete 9lump0 mass springs, and dashpots as shown 

in Fig.(7). The coefficient m, K and C, for this model are evaluated by the method of continuum 

mechanics
(3).

 

 
IDEALIZATION OF LIQUID 

Equation Governing Liquid Motion 

For the irrotational flow of an incompressible inviscid liquid, the velocity potential function, 

 satisfying Laplace equation is giving by (5,9): 

 
In the region occupied by the liquid (   

in which 
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 In addition to being a harmonic function,  must satisfy the proper boundary conditions. 

The velocity vector of the liquid is the gradient of the velocity potential, and consequently, the 

liquid-container boundary conditions can be expressed as follows 
(5)

: 

- At the tank bottom (assumed rigid), Z=0, the liquid velocity in the vertical direction is zero. 

 
- The liquid adjacent to the wall of the elastic shell r = R, must move radially with the same 

velocity of the shell: 

 
In which  is the shell radial displacement of the tank shell. 

- At the liquid free surface,  two boundary conditions must be imposed. If the 

sloshing free surface are neglected 
(5,6,7)

, only one condition need to be specified at the surface 

namly: 

 
The solution  which satisfies the boundary conditions at the rigid bottom plate 

Eq.(43), and the quiescent liquid free surface Eq.(36), can be expressed as: 

 

 
And  is the modified Bessel function of the first kind of order   

The remaining boundary condition at the liquid shell interface, Eq.(35), can be written as: 

 
After the appropriate algebraic manipulations of Eq.(39), the following expression for  

result: 

 
in which  is the relative of the modified Bessel function 

the pressure distribution,  can be determined from the Bernoulli equation and is 

given by: 

 
in which  is the mass density of the liquid and g is the acceleration of gravity. 

The hydrodynamic pressure can therefore be expressed as: 
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HYDRODYNAMIC PRESSURE 

Evaluation of the Added Mass Matrix 

As a consequence of neglecting the free surface oscillation methods, the motion of the tank wall 

can be analyzed by introducing an additional matrix in the matrix equation of shell motion, such 

addition represents the effect of liquid dynamic pressure during vibration. The hydrodynamic 

pressure exerted on the wall of the tank is given by Eq.(42) and therefore, the work done by such 

pressure though an arbitrary virtual displacement,  refers to symmetric component 

of displacement, can be written as: 

 
 

 
The work expression, Eq.(43), gives rise to the definition of the added mass matrix [DM]. In 

order to compute its elements, one has to express the integral in Eq.(43) in terms of the nodal 

displacement vector . With the aid of the finite element displacement modal, one can write: 

 
Where NEH is the number of shell elemnt id contact with liquid. 

By definition the vector , as the integrals 

 
The vector  can be defined as: 

 
one can rewrite Eq.(45) as follows: 
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Therefore the expression of the work done, Eq.(43), becomes 

 
Eq.(49) leads to the definition of the added mass matrix, [DM], as: 

 
HYDRODYNAMIC PRESSURE 
Effect of Initial Hoop Stress 

Due to presence of the liquid, tank walls are subjected to hydrostatic pressure which cause hoop 

tensions. The pressure of such stresses affects the vibrational characteristics of the shell, 

especially the  mode types, these mode types are shown in Fig.(3). 

 

 To incorporate these effects, it is necessary to modify the strain energy expression of the 

shell and to generalize accordingly the equations of motion. Upon using the finite element modal, 

the matrix equation can be easily derived, and takes the familiar form with an added stiffness 

matrix due to the presence of the stress field. 

 

MODIFICATION OF POTENTIAL ENERGY OF SHELL 

Consider a circular cylindrical shell acted upon by a static initial stress field which is in 

equilibrium. The initial stresses in the shell result from the hydrostatic pressure. During vibration, 

the shell stresses consist of the initial stresses plus additional vibratory stresses. In the subsequent 

analysis, the bending stresses produced by the initial loading are neglected, i.e., only the initial 

membrane stresses are considered 

 

 Since the initial stress state is in equilibrium, the potential energy of the system in this 

state may be taken as the reference level. Thus, the internal strain energy of the shell can be 

written as: 

 
in  which  is the strain energy employed in deriving the stiffness matrix [K], of the shell 

and it is defined by Eq.(25) and  is given by 

 
in which  is the initial membrane force resultant in the circumferential direction, and  is the 

midsurface strain 

 

Since the initial hoop stress may be large, it is necessary to use the second-order nonlinear 

strain-displacement equation in the second term of Eq.(51) while using only the linear 

relationship in the first term 
(6)

  

This maintains the proper homogeneity in the order of magnitude of the terms in the integrands. 

The midsurface strain in Eq.(52), therefore, it can be expressed as 
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The initial force resultant,  and the liquid hydrostatic pressure, , are in equilibrium, 

and therefore, it satisfies 

 
 

EVALUATION OF THE ADDED STIFFNESS MATRIX 

Since  is not a function of , the strain energy  can be written as: 

 
 The strain-displacement relation Eq.(53) is the inserted into the strain energy expression, 

Eq.(55-a). however, the linear terms of Eq.(53) do not contribute to  since  

 
 Furthermore, the terms can be expressed more conveniently in the following matrix form: 

 
 

 

 

in which {U} is the displacement vector, Eq.(1) [P] is a differential matrix given by: 

 
and the superscript nL indicates “nonlinear:. With the aid of Eq.(1) and (57), Eq.(56) can be 

expressed as: 

 
Inserting Eq.(59) into the strain energy expression (Eq.55), one obtains 
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By using the displacement model, Eq.(11), one can write 

 
In which  is the element added stiffness matrix which given by: 

 
IDEALIZATION OF SOIL 

The elastic half-space type is used to model the influence of the soil during vibration. The soil in 

this model is assumed to be homogenous, isotropic, and elastic, and characterized by shear 

modulus  and Poisson’s ratio  

 
The soil is replaced by a set of an equivalent spring-mass-dashpot system as shown in Fig. 

(7).There various method used for estimating the spring constant (Ks) viscous damper (Cs) and 

added mass (mi) of the soil model. The most commonly used approach is to employ formulas 

from the theory of elasticity, which is used in this study. Formulas tire given in Table (1) 
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The radius ( ) in Table (1) is directly used for calculations of the bottom circular plate, with 

equivalent radius is needed for calculations of the cylintlrical wall for the tank. On basis of 

equivalent areas, (surface area of the cylindrical wall is equal to the area of circular plate). The 

equivalent radius may be determined from the following relationship
(6)
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FREE VIBRATION RESPONSE ANALYSIS 

A structure is said to be undergoing free vibration when it is disturbed from its static equilibrium 

position and then allowed external dynamic excitation or support motion. 

The undamped free vibration response of any system can be obtained as: 

 
Where [M] and [K] are the mass and the stiffness matrices of the system, respectively; and  is 

the displaecment vector. 

Therefore, the natural frequencies  and the mode shape ( of any systcm governed by 

Eq.(65) are solution of the eigenvalue problem represented by 

 
For non trivial solution of Eq.(66),  

 
Equation (67) is called the frequency equation of the system. Expanding the determinant will give 

an algebraic equation of degree in thequmy parameter for a system having. m degrees or 

freedom. The  roots of this equation  represent the frequencies of the in 

mode of vibration which are possible in the system. 

 If all m eigenvalue are required and m is relatively small (roughly m < 200), the Jacobi 

method is a good choice
(4)

 ; therefore, Eq.(66) is solved numerically by the Jacobi method given 

in Ref(3) for all cases considered in the present study, 

 

CYLINDRICAL STORAGE TANKS 

Several cases of liquid storage tanks with widely different properties are presented to demonstrate 

the applicability of the proposed idealization developed herein and to cover the free vibration 

characteristics of these tanks. The analysis was applied to various case studies, which were 

considered by other investigators to serve as a validation procedure for the formulation proposed 

in the present work: and also to check the convergency of the solution. Examples of both broad 

and tall tanks are analyzed for each of three cases: 
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- EMPTY STORAGE TANKS 

The properties of the tall and broad tanks are as follows 
(5,7)

: 

a- Tall Tank: Radius = 7.32m; length = 21.96m. 

b- Broad Tank: Radius. = 18.29m; Length = 12:19m. 

Both tanks are assumed to be opened at the top: fixed at the base and have as uniform 

thickness of 0.0254m (1 in). 

The tank's wall is made of steel having the following properties: 

 
In Table (2), the three lowest natural frequencies of both tanks or the Fourier number (n=0 and n 

= 1) are presented along with those r tats obtained by Haroun and Housner 
(5)

 and by Haroun and 

Tayel 
(7)

. Inspection of this Table shows excellent agreement between the values of these 

frequencies. 

 

- Partly Filled Tanks 

The small tall and broad tanks described earlier are now assumed to be partly filled with water. 

Calculations of the natural frequencies for different types of liquid depths are presented in Table 

(3) along the results obtained by Haroun and Houner 
(5)

 for Fourier number (n = 1). 

 

PARAMETRIC STUDIES 

To study the effect of tank geometry, liquid depth variation and hydrostatic pressure on natural 

frequencies, parametric studies for three different cases of soil types were carried out. The three 

types of soil arc classified as follows: 

a) Soil type 1: dense sand and gravel,  =17 kN/m
3
,Vs=250 m/sec 

b) Soil type 2: moist clay,  =18 kN/m
3
, Vs=150 m/sec 

c) Soil type 3: fine - grained sand,  =16.5 kN/m
3
, Vs=110 m/sec 

The properties of material that is used in all cases of the parametric studies are taken as 

follows: 

a) Steel material is used fin both cover and walls of the tank whose properties are: 

. Both have a uniform thickness of 

0.0508m. 

b) Concrete material is used for base plate of the tank whose properties are ; 

. The thickness of the plate is 

0.4m. 

c) Water is used as a storage liquid o r the tank having density of 10 kN/m
3
 

 

EFFECT OF TANK HEIGHT TO DIAMETER RATIO 

For this purpose two cases of storage tanks were considered, empty tank and completely full tank. 

Diameter. D 20m and the tank height , LT , was varied from 5 to 30m at 5m increments to 

accommodate the aspect ratio (LT/D) range of 0.25 to 1.5. 

Results of natural frequencies are given in Plots of Figs.(8) and (9).for empty and 

completely fill tanks , respectively. 

From these Plots, it is observed that as the soil medium becomes weaker (having low 

shear wave velocity) or as tank height increases, the natural frequency of the system, at all modes 

or vibration for both two cases of the tank., decreases. 
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It is also noticed by examination of these Tables and Plots, that the natural frequencies 

of the empty tank are much larger than those of the full tanks regardless of the type or soil. 

This can be explained by the fact that, the added liquid mass is much larger than that of the 

shell, and since the natural frequencies are proportional to the square root of 

 

the inverse of the mass, the frequencies of the full tank are reduced appreciably as compared 

to those of the empty tank. 

 
EFFECT OF LIQUID HEIGHT TO TANK LENGTH RATIO VARIATION. 

To demonstrate the effect of liquid depth variation (H/LT), two types of tanks (tall and broad) 

were considered for this purpose. Different values of liquid depths for the same three types of the 

soils were carried out of demonstrate the influence of liquid height on the dynamic 

characteristics. The resulting natural frequencies are given in Plots of Figs.(10) and (11) for broad 

and tall tanks, respectively. 

It can be observed from these Plots that as the level of fluid increase, the natural 

frequencies decreases for both types of tanks and for all three types of the surouding soil. This 

behavior is obvious since the mass of the shell-fluid system increase with the level of fluid, while 

the structure stiffness properties remain unchanged. 

 

EFFECT OF INITIAL HOOP STRESS DUE TO HYDROSTATIC PRESSURE 

To investigate the effect of initial hoop tension due to hydrostatic pressure on the dynamic 

characteristics the. liquid storage tanks, two filled tanks: (broad and tall) were considered with 

one type of soil (soil type 1 is chosen for this purpose) with different values of Fourier terms 

number (n). The resulting natural frequencies for broad and tall tanks are given in Plots of Figs. 

(12) and (13), respectively. 

It can be concluded from these Plots that the initial hoop stress effect has significant 

influence on the natural frequencies of vibration of tall tank while, the influence is almost 

insignificant and negligible for most practical purposes in broad tanks. It is of interest to note that 

the influence of the initial stress becomes more significant as the Fourier term number, n 

increases. 

 

EFFECT OF WALL THICKNESS VARIATION.  

To demonstrate the effect of wall thickness variation, an empty tank of 15m height and 15m 

diameter is studied for its free vibration characteristics when its wall thickness varies from 1cm to 

4cm with one type of the surrounding soil (soil type 1 is also used herein). The resulting natural 

frequencies are given in Plot of Fig.(14). 

It can be seen clearly from these results that the thicker the wall of the tanks is, the higher 

are the natural frequencies, since the wall’s stiffness increases with increasing its thickness. 
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CONCLUSIONS 

 The main conclusions that can he drawn from the present study are as follows: 

 The change of the three-dimensional problem into several separate two dimensional 

problems using the semi-analytical technique is very useful to reduce the effort required, 

computer time and memory needed in solving the problem or storage tanks under 

dynamic loading_ 

 A conical shell finite element is derived in the present work, which is best suited for the 

analysis of circular plate, cylindrical arid conical shells. This element becomes more 

general after including the contribution of symmetric and anti-symmetric turns in the 

Fourier series expansion. 

 The soil-tank interaction was represented by an elastic half-space medium. Variations of 

the properties of the. Surrounding soil medium are found to have an important influence 

oil the free and forced vibrational response (earthquake response) of the buried storage 

tanks. 

 It was found that, the .initial hoop stress due to hydrostatic pressure, becomes more 

significant as the circumference wave number, n, increases, and these stresses have . more 

influence on the frequencies of vibration of tail tanks than broad tanks. 
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 It is also found that, the natural frequency is proportional to the wall thickness of the tank. 

This behavior is related to the fact that the dynamic stiffness of a tank is a function of its 

wall thickness. 
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 العمارةو  تكنولوجياال
 لنتاج المعماري من وجية تكنولوجيةتحميل ا

 
 جامعة بغداد –أستاذ مساعد في قسم اليندسة المعمارية  -نادية عبد المجيد السلام.د   

 جامعة النيرين –في قسم اليندسة المعمارية  مساعد مدرس -صبا سامي ميدي.د

 :خلاصة البحث 
ةيجاري . رصد النتااج المعمااري مان ةجياة تونةلةجياةلبحثية تحليلية مفردات  أقتراحبيتم البحث ي

بالإسااتناد الاات م تاارح فيلسااةل التونةلةجيااا  تونةلةجيااا العمااارة لتحلياا شااام  ىيواا   ىااذا عباار تحديااد
أربع المعاصروار  متشام ، الذي يرى أن الويان التونةلةجي في أي موان ةزمان يمون رصده عبار 

البحااث أن ىااذه التجليااات يمواان أن ت اارأ وةاقاا   ةيبااين. يااة والمعر ااة واةرا ةالأشااياو والعمم: تجميااات
فيمااا بينيااا علاقااات  التااي، ليااذه التجليااات موةنااات التفصاايليةالحاادد ثاام يسااياقي لتونةلةجيااا العمااارة ، 

، لتساب  علات الوياان التونةلاةجي صصااصاو التاي تانعوس علات تنتظم ةتتغير حسب المواان ةالزماان
يشااااتب البحااااث  ، بموةناتياااااةماااان صاااالا  استوشااااال التجليااااات ا رباااا . المعماااااري صصاااااان النتاااااج

 -. الما ة والتعامال بياا: ، ةىذه المفردات ىيؤثرة في صياغة النتاج المعماريالمفردات البحثية الم
 .التعبير الشكمي -التكتونيةوقيم الما ة -.بناو التفصيل -. المنشأ وعلاقاتو

 
Technology and Architecture 

Analyzing Architecture from a Technological Standpoint  
 

Dr. Nadia Abdul Majeed Al-salam, Assistant professor / University of Baghdad/ College of 

Engineering/ Department of Architecture. 

Dr. Saba Sami, Assistant lecturer / University of Al-Nahrain/ College of Engineering/ 

Department of Architecture. 
ABSTRACT:  

This research is concerned with defining specific analytical terms that could be used in 

observing the architectural product from a technological view point. This was achieved 

by founding an inclusive analytical structure for architectural technology based on the 

view of technology philosopher Carl Mitcham, who states that technology, at a given 

time and place, could be observed through its four manifestations: Objects, Process, 

Knowledge and Volition. The research has showed that these manifestations define 
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architectural technology as the actual context within which relations between 

components of these manifestations emerge, get organized and change. Five analytical 

terms have been induced: materials and their processing, structure and its relations, 

detail building, tectonic values and formal expression. These are introduced as terms 

affecting the formulation of architectural product, and thus can be used for analyzing it 

technologically.         
Key words: manifestations of technology, materials processing, structural relations, 

architectural detailing, tectonics, formal expression. 

 :مق مة
تحتااا  التونةلةجياااا أىمياااة متزايااادة فاااي العاااالم المعاصااار، إذ تظيااار فاعليتياااا فاااي مصتلااال النتااااج 

ةالعمارة نتاج لفع  تونةلةجي علت درجة غير قليلة من التع يد  .المادي ةالفوري للحضارة الإنسانية 
ع اايااا لااذا أصاابل تحلياا  الفعاا  المسااؤة  عاان انتاجياا. تتااداص  فيااو مصتلاال العةاماا  ةا  اارال ا ةا 

ادبياتيم تفصل عن  أن ةقد عني الباحثةن بيذا الجانب، غير .ويانيا المادي مسألة متسعة المديات
صاياغة  فاي تونةلةجياا تحدياد المفاردات الماؤثرة فاي ال صاةر المعرفاي" مشولة بحثية ةاضحة ىي 

صااياغة فااي  ياااتونةلةج المفااردات المااؤثرة تحديااد :ا لااوىاادفبااذلو ةضاا  البحااث ". النتاااج المعماااري
فاااي صاااياغة النتااااج  تونةلةجياااا تحدياااد المفاااردات الماااؤثرة :ةقاااد إفتااارث البحاااث أن .النتااااج المعمااااري

  . الأشياء ةالعملية ةالمعرفة ةالإرادة: عبر قراءة تجليات التونةلةجيا الأربعة يتمالمعماري 
 : السابقة  ي الأ بيات تكنولوجيا العمارة -

  . ةأبعااده متنةعاة فاي النظار الات ىيوا  تونةلةجياا العماارة رؤى  العماارةمجاا  تونةلةجياا ترد فاي    
نظاااام ييااا ج الااا  جماااع وىاااي  ، ااان البنااااو" أن تونةلةجياااا العماااارة ىااايماااثلا،  ،حيااث يااارى ايميااات 

  ،، فيي دمج لثلاثة عةالم منفصلة"الميارات الفنية والعممية واةجرائية بعضيا مع بعض
 

 

 

 

 

 

 

 
 

 
 حذ١ًٍ ا١ّ٠ج ٌخىٌٕٛٛج١ب اٌؼّبسة(   9شىً)

Emmitt,2002 

 انعًهً حًانعًهٍا

 فًُان

ةىااااة مجااااا  المصاااامم  أةليااااا موااااةن فنااااي
المبااادو، ةىاااة صاااعب التحدياااد مةضاااةعيا 

ةالثااني ىاة المواةن  .ةذاتي ال بيعة دااما
ةىااة مجااا  البنااااء المنفااذ، ةيجماا  العملااي 

جا  قابا  للتحدياد فية م. المةاد الفيزياةية
مواااااةن أماااااا الثالاااااث فياااااة ال.ت نياااااا ة مادياااااا

مجااااااا  ا داري الااااااذي الةىااااااة  ،جراااااااايالإ
يجماااااا  الميااااااارات الفنيااااااة المصااااااممة ماااااا  

 ,Emitt) .العملياة المنفاذة ب ري اة منظماة

2002,p5)  ( 1شكل)   
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1أةرغاات  –المبااني بةصافيا ساايب )ة  ةفاي أ رةحتياا المةساةم
Buildings As Cyborgs  )  

وسيمة انجاز الانتقاال مان الفكارة التصاميمية إلا  " اترى الباحثة نادية الحسني  التونةلةجيا بةصافي
 ولة لعملية انتاج العمارة ةتض  مص  ا تحليليا لل ةى المشا  ( (Alhasani ,1990, p3  "الواقع
 

 

 

 

 

 

 

 

 

 

 
 
 

و الأساسية ةالثانةية ، فضلًا عن نظم الإنسان المصمم ةىي فوره ةفلسافتو ةويفياة تعاملاو ما  حاجات
ةنظااام .الااذي يشاام  المااةاد البناايااة ةالمنشااأ ةالإنشاااء ةالصاادمات: ةنظااام المااادة .المشااولة التصااميمية

عماا  تة . صليااة، أي الشاو  ةعلاقاتااو الصارجياة ةالدايعمااار مج الالنتالتمثلااو الييااة الصارجيااة ة : الشاو  
تجلات فاي العما  التونةلاةجي المعمااري فت -حساب الباحاث–التونةلةجيا علت مادة ىذه النظم الثلاثاة 

 (78ن، 9993رسة ، ) .بعد المةضةو، ةبعد المادة، ةبعد الشو : أبعاد ثلاثة ىي علت التةالي 
: ت ىااااااي محليااااااة اعتبااااااار التونةلةجيااااااا  ويانااااااا ذا أربعااااااة مرتواااااازاالدراسااااااات الفااااااي  أيضااااااا ةياااااارد

يتمثاا  بمجمةعااة ماان ال اايم ةالمفاااىيم ا جتماعيااة ةالث افيااة ةا قتصااادية التااي تحواام : مفاااىيمي مرتوز 
يتمثاا  بمجمااةو المعلةمااات ةالميااارات التااي يسااتصدميا الأفااراد : معرفااي آصاار الفعاليااة التونةلةجيااة، ة 

دراوية المتبعة للحصة  ةالمجتم  لفيم الظةاىر ال بيعية المحي ة بيم ةوذلو مجمةعة الأساليب الإ
ةىااااة مجمااااةو الأفعااااا  ةالممارسااااات التصااااميمية ةالتنفيذيااااة : ةمرتوااااز ت نااااي . علاااات ذلااااو المجمااااةو 

                                                 
1

 Alhasani,1990,p11) .)جضء ِىبئٕٟ ٚآخش ػضٛٞ د١ٛٞ ػِّٛب بششٞٔظبَ ٠خأٌف ِٓ :  Cyb-org  ؽٚسأ -اٌغب٠ب  

 

 (9شىً )

ِخطظ اٌذغٕٟ 

 لإٔخبج اٌؼّبسة

Alhasani, 1990 

، تظياار فيااو تونةلةجيااا (0شااكل )
العماااااااااااارة ةسااااااااااا اً باااااااااااين البيااااااااااااة 
بمصاااااااادرىا مااااااان ماااااااادة ة اقاااااااة، 

مناااااااااااااااتج  :ةالمجتمااااااااااااااا  بشااااااااااااااا يو 
ةيظيار انتااج العماارة، . ةمساتيلو

مااان  اأي تونةلةجياااا العماااارة موةنااا
معادات ا نتااج : عدة قةى لتشام 

ةعملياتااااااااااو، ةنظريااااااااااات ا نتاااااااااااج  
 . ةالنتاج نفسو

ةفااااااااااااي دراسااااااااااااات محليااااااااااااة   
نظرالت تونةلةجيا العمارة بةصفيا 

علت  ، ةىي تعم  عملية تحةيلية
نظااام  ثلاثااة نظاام فااي العمااارة ىااي

 الإنساااان يشااام  نظااامالاااذي  الفوااار
  م  (ةالمستصدم الزبةن)
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ةىاااة مجماااةو المن اااة  مااان : ماااادي  ةأصيااارا مرتوااازةالإنتاجياااة فاااي معاملاااة الماااةاد ةالأدةات ةالعااادد، 
تحااددا بمااا يمتلااو ماان المنتجااات ةالساال  ةالصاادمات التااي يملويااا المجتماا  ةيااتمون ماان اسااتصداميا م

 .  (90،ن9008حمدالله ،)ةساا  ةمعارل 

 :تجميات التكنولوجيا  -
بنية تحليلية شمةلية ، تستند الت تصانيل  1ةفي فلسفة التونةلةجيا المعاصرة ي ترح وار  متشام    

 تلاو الحاصالة: أةً  : ، حسب تعبياره، إذ يارى اناو يموان تصانيل التونةلةجياا إلات2ةظيفي أة بنيةي
تلااو التااي تصاابل علاات نحااة مااا : ةثانياااً . داصليااا فااي الإنسااان ةتوااةن جاازءا ماان فعالياتااو الجساامانية

جاازءا ماان العااالم ال بيعااي يتفاعاا  معااو، ةليااا حياااة صاصااة بيااا بعياادا عاان الفعاا  الجساادي الإنساااني 
 ةياارى متشااام أن ىااذا التصاانيل يتةافااب ماا  مااا يمواان تميياازه ماان صااي  ظيااةر التونةلةجيااا. المباشاار
، ثام  processوالتكنولوجياا كعممياة. objectsأشاياء... أة  product التكنولوجياا كنتااج: ةىي 

وما يبين أن مفياةم الاداص  البشاري ينحصار بمواةن فواري ، .  knowledgeالتكنولوجيا كمعر ة 
 volition.3التكنولوجيااااااااااا كاااااااااا را ة توااااااااااةن الإرادة احااااااااااد عناصااااااااااره حيااااااااااث يمواااااااااان  تسااااااااااميتو 

Mitcham,1978,p232) ) يظير مما سبب أن متشام يرى ماا ىاة حاصا  داصا  الجسام الإنسااني ، ة
 اي .  يشمل تجمييا كمعر اة وكا را ة ن،  الجانب الفكري من التكنولوجيا إذباعتباره فعاليات فورياة

حين تظير  ي الجانب العممي، الذي يحصل خارج جسام اةنساان، كعممياة إجرائياة ، كماا تظيار 
 ي الفعل التكنولاوجي، كماا ينظار  تقنيظر ليذه الأشياو كوسائل أ او كأشياو، حيث يمكن أن ين

 . ليا كنتاج لفعل تكنولوجي أيضا
حااتيااا بمختمااج جوانااب الكيااان  تمتاااز رؤيااة متشااام بشااموليتيا لمجمااوم امراو المق مااة أعاالاه وا 

 يان ىذه الرؤية إمكانية قراوة الكوتق م  . (1الج ول)ويمكن ملاحظة ذلك  ي . التكنولوجي

 ىاي عرضاةمكان وزمان بوصفو خمفية سياقية تنتظم مكوناتيا و ا  علاقاات  التكنولوجي  ي أي
لمتغير أو التحول  تكون مواضيع لمرص  والتحميل، بي ج تحقي  الفيام الماماوب لتحاولات النتااج 

 . المعماري بأثر التكنولوجيا

                                                 
1

، ٚ٘ٛ دب١ٌب أعخبر ٌٍفْٕٛ اٌذشة ٚاٌذساعبث اٌؼب١ٌّت  9099ف١ٍغٛف ِؼبطش فٟ اٌخىٌٕٛٛج١ب، ٌٚذ فٟ  : Carl  Mitchamوبسي ١ِخشبَ 

ػٓ ِٛضٛع الأخلال١بث فٟ   9992دبطً ػٍٝ جبئضة اٌشبىت اٌؼب١ٌّت ٌٍخىٌٕٛٛج١ب،فٟ . Colorado School of Mines فٟ 

  )tp://en.wikipedia.org.at:13,sept.,2009ht.)ار ٠شوض ا٘خّبِٗ ػٍٝ الأؼىبعبث الأخلال١ت ٌٍخىٌٕٛٛج١ب. اٌخىٌٕٛٛج١ب 
 :ّىٓ ح١١ّض ثلاثت أعظ ٌخظ١ٕف اٌخىٌٕٛٛج١ب٠٠شٜ ١ِخشبَ أٗ  2

 .ِثً ب١ٓ حىٌٕٛٛج١ب و١ّ١بئ١ت ٚ حىٌٕٛٛج١ب وٙشببئ١ت ٚغ١ش رٌه: حظ١ٕف ِبدٞ -9

 (ٚ٘ٛ اٌّمذَ فٟ اٌبذث اٌذبٌٟ).حظ١ٕف ٚظ١فٟ اٚ ب١ٕٛٞ -9

١ّ٘نت اٌفٍغنف١ت ٌىننٓ ٘نزا اٌنّٕظ ِننٓ اٌخظن١ٕف ٠شنىً اخخبننبسا ضنشٚس٠ب ٌٍخؼ١ّّننبث حظن١ٕف حنبس٠خٟ اجخّننبػٟ، ٚ٘نٛ الألنً فننٟ الأ -3

 (Mitcham, 1978,p232. )اٌفٍغف١ت

3
 Oxford advanced).اٌخ..  خ١بس أٚ فٟ احخبر اٌمشاسػ١ٍّت اعخخذاَ اٌفشد لإسادحٗ فٟ الاخ: ٘ٛ volitionاٌّؼجّٟ ٌىٍّت  ٚاٌخفغ١ش 

learners dictionary, fifth edition,1995) ٠ٚغخؼ١ض ػٕٙب ِخشبَ أد١بٔب فٟ طشدٗ بىٍّت الإسادة :will.  

http://en.wikipedia.org/wiki/Colorado_School_of_Mines
http://en.wikipedia.org.at:13,sept.,2009/
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ا وتابيقياا  اي مجاال تكنولوجياا يقترح البحاث الحاالي اعتماا  رؤياة متشاام  اي تحميال التكنولوجيا
، ثام بياان ىاذه  تجمياات التكنولوجياا الأرباع عارض أبعاا وسيعم  البحث  يماا يماي الا  .   العمارة

شتقا  مكوناتيا التفصيمية و  التجميات تق يم ىيكل تحميمي شامولي لتكنولوجياا صولا ل ي العمارة وا 
 .العمارة

 
 
 
 
 
 
 
 
 
 
 
 
 

 :jects)(Obالتكنولوجيا بوصفيا أشياو 
ةضااا  ممفاااةرد أصااانافا مااان الأشاااياء التونةلةجياااة، ةقاااام ميتشاااام بتةساااي  صاااغير لل ااماااة شااام  

  Mumford,1947,p410)).ومااااااااااا ةسااااااااااعتيا الحسااااااااااني ب ضااااااااااافة الرةبةتااااااااااات ، تفاصااااااااااي  ةصاااااااااافية
الأ وات البيتياااااااة ةقاااااااد تضااااااامنت ال ااماااااااة   ((Alhasani,1990,p43 ة( Mitcham,1978,p234)ة
(utensils: ) الأجيااازة  واااذلو .الحاةيااااتة  ال ااادةرة   مثااا  السااالا(apparatus: )  مثااا  حاةياااات

( transformers)والمحااولات ( utilities) نفعياااتالمأيضااا  .ةغيرىااا أفااران ال ااابةبة  الصااباغة
ةىااي الأدةات التااي تسااتصدم ( tools)العاا   و  .ةال اارب ةالمباااني ةالإنااارة ةىوااذا  مثاا  صزانااات المياااه

ةىي آ ت   تحتاج استصدام ال اقة البشرية  ( :machines)المكائن  ضاةشملت ال اامة أي .يدةيا
( automatons)المكائن آلية التشغيل و . لةجةد مصدر  اقة صارجي،لونيا تحتاج الإدارة البشرية

 automaticالبشاااارية عباااار صةارزميااااة آليااااة ةةىااااي المواااااان التااااي تسااااتغني عاااان عنصاااار السااااي ر 

algorithm الروبوتااات  ةأصياارا.ة ةمنيااا الساااعات الرقمياا(robots: )   ةىااي مواااان آليااة التشاااغي
 . ، لونيا تصن  لت ليد العم  البشري اليدةي، اة لت ليد واانات حية عمةما اأيض

 َ ٌخذ١ًٍ اٌخىٌٕٛٛج١ب ببٌّمخشدبث فٟ أدب١بث حىٌٕٛٛج١ب اٌؼّبسةِمبسٔت ِمخشح ِخشب( 9جذٚي)

 اندزاساث

 ححهٍم انخكُىنىجٍا

 انجاَب انعًهً انجاَب انفكسي

 انُخاج انفعانٍت يىضىعً ذاحً

 انخكُىنىجٍا كأشٍاء انخكُىنىجٍا كعًهٍت انخكُىنىجٍا كًعسفت انخكُىنىجٍا كإزادة يخشاو

جُ
 أ
ث
سا
زا
د

ً
 ف
ٍت
ب

زة 
ًا
نع
 ا
ٍا
ج
ى
ىن
كُ
ح

 

ج
ًٍ
اٌ

 

 انًكىٌ انفًُ

 ِجبي اٌّظُّ 

 ِٚمبطذٖ اٌزاح١ت

 ---------------

 انًكىٌ انعًهً

 ِجبي إٌّفز
 ----------

 انًكىٌ انعًهٍاحً

 ِجبي الاداسٞ ٌٍفؼب١ٌت 

ً
سُ
ح
ان

 

 -----------

 انُخاج  عًهٍاث الاَخاج يعداث الاَخاج حُظٍس انفعم انخكُىنىجً

 غ١ش ٚاع، ِببدٞء حى١ٕى١ت،

 لٛا١ٔٓ ٚطف١ت، ٔظش٠بث

 ِىبئٓ،-ػذد، ػذد

 ِىبئٓ

 ف١ض٠ب٠ٚت، 

 لاف١ض٠ب٠ٚت
 ابخذائٟ،ٔٙبئٟ

 

ً
 ف
ٍت
حه
 ي
ث
سا
زا
د

 

زة
ًا
نع
 ا
ٍا
ج
هى
كُ
ح

 

ل
سى
ز

 

 بعد انًىضىع

 --------------

 بعد انشكم بعد انًادة

 ----
 اٌّظُّ)ع١بق 

 (ٚاٌّغخخذَ، ٚاٌضبْٛ 
 بدة، اٌخذِبثإٌّشأ، الأشبء،اٌّ

 اٌخذٛلاث 

 اٌشى١ٍت

الله
د 
حً

 

 انًسحكز انخقًُ انًسحكز انًادي انًسحكز انًعسفً انًسحكز انًفاهًًٍ

 ---------  ل١ُ ِٚفب١ُ٘ حذىُ

 اٌفؼً اٌخىٌٕٛٛجٟ

 اٌّؼبسف ٚاٌّٙبساث

 ٚٚعبئً ٔمٍٙب 

 اٌّٛاد اٌطب١ؼ١ت

 ٚاٌّظٕؼت 
 حم١ٕبث الأشبء
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 ومااا ةينظاار لمثاا  ىااذه الأشااياء التونةلةجيااة  وةساااا  تسااصر لأداء ميمااات الفعاا  التونةلااةجي ، 
 مةلادة لعما  أي وماا عبارت الحساني، ا ةلات. ةجييمون ت ييميا ونتاجات، فيي نيايات لفع  تونةلا

( initial)   أما الثانية فيي نياية لعم( (terminal(  ،مصدر ساببAlhasani,1990,p2 ) . 
 

 :  (Process)التكنولوجيا بوصفيا عممية
ا صتاراو : تتضمن التونةلةجيا وفعالية إنسانية أربعاة أنماا  أساساية مان الفعا  الإنسااني ةىاي  

invention  ةالتصااميمdesign   ةالصاانmaking  ةا سااتصدامusing  ةياارتب  واا  ماان ا صتااراو
فاااي حاااين يب ااات الصااان  ةا ساااتصدام مااارتب ين بالتونةلةجياااا . ةالتصاااميم بالتونةلةجياااا ومعرفاااة ةوااا رادة

فصااااان  المصااااانةعات المادياااااة ةأساااااتصداميا بوااااا    (Mitcham,1978,p241ساااااابب،  مصااااادر). وعملياااااة
 . ىما المظير العملي للفعالية التونةلةجيةأشواليا ةسماتيا 

. ما  المصانةعات ف ا  -وماا سابب-تتعاما  الممارساة التونةلةجياة  :التقنية  ي الصنع والعمل  .أ 
فيناااو ت نيااة . فااي حااين يمواان للت نيااة ان تتضاامن تعاااملا ماا  أشااياء  بيعيااة ةبشاار ةغياار ذلااو

  أي ىنااو ت نياة للصان  ةللعما . ياللسباحة ةللصفير ةللعزل علت البيانة ةلبناء سيارة ةصايانت
 p252)، الساببالمصدر ) 1في حين ىناو تونةلةجيا للصن  ةا ستصدام ف  (  بتصنيل ارس ة)

فواا  الصاان  يااؤدي الاات . يعتباار ا سااتصدام مباادأ أوثاار شاامةلية ماان الصاان : الصاانع والاسااتخ ام  .ب 
  (p253،ساببال المصدر). لون ليس و  استصدام ينتج عنو صن  ،استصدام المصنةعات

ان الحرفة اليدةية يمون إن ت ةد إلت نتااج غير مضمةنة، اعتماداً  : العمل الحر ي والمكننة    .ج 
ةالنااتج ىاة ، فعنصر المصاا رة وبيار ةالدقاة الم ل اة غيار مضامةنة. علت حوم المنتج ةاىتمامو

بيااا أن توااةن فالنتااااج يفتاارث  ،أمااا إجااراءات الماونااة فيااي تحاادد الناااتج مسااب اً  .عماا  ت ريبااي 
 ( Alhasani,1990,p44 :مصادر ساابب). مت اب ة م  النةايا ةص ةرة الحيةد عن الأصا  ضاايلة جاداً 

فااالحرفي يااتعلم عاان  ريااب الممارسااة  ةيلااة الأمااد، ، لاايس فااي الحرفااة موااان للحااس بااا صتراو ة 
ا بمبادأ اذ يواةن الإنساان محوةما. ةتوتسب الممارسات الم ةرة المحسناة عبار ت لياد  ةيا  الأماد

ةحتات التحاةيرات ةالت اةيرات التاي قاد تحصا  فاي الحرفاة  و يجب أن ينحناي للتاراث الت ليادي،ان
صاالا  ن ااالات مساااتمرة غيااار ملحةظاااة تظيااار نفسااايا وتجديااادات غيااار أساساااية، ةواصتلافاااات فاااي 

المعرفاة فياو علات فتعتمد أما العم  بالمواان  ( Ortega,1961,p148:مصدر سابب) الميارة الشصصية
  ( Alhasani,1990,p49 :مصدر سابب)وتشال ةا صتراو ةالتجديدا 
 :(Knowledge)التكنولوجيا بوصفيا معر ة -

                                                 
1

ٚب١ٓ فؼب١ٌبث اٌؼًّ الأغبٟٔ ١ّ٠making and using  (techne )ض اسعطٛ ب١ٓ فؼب١ٌبث الأغبْ فٟ طٕغ اٌّظٕٛػبث ٚاعخخذاِٙب 

(praxis)doing ِثلا راث اٌطب١ؼت اٌفىش٠ت ١ٌٚظ ا١ٌذ٠ٚت، اٌخٟ حشًّ ِجبي اٌغ١بعت ٚالأخلاق (. ,p232 Mitcham, 1978,Types of 

Technology,).    
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 ، فااالتفوير التحليلااي. ماازيج ماان التفوياار التحليلااي ةالتفوياار السااياقي أن التفوياار التونةلااةجي ىااة 
ر بحياث يموان توارار يوةن ص يا ةمتدرجا ةينحة إلت ا ست لا  عن ال ايم الث افياة ةالشصصاية للمفوا

اذ يتحارو مان مساار  صار  أما التفويار الساياقي فياة غيار ص اي ،.النتااج من قب  أي شصن آصر
فية ذاتي ةمرتب  بنظام ال يم لدى . ةمن مستةى  صر عبر قفزات في المن ب ليا ارتبا ات معنةية

مساااااحة الفوريااااة عليااااو يمواااان تمييااااز نم ااااين مااان المعااااارل تشااااغ  ال. ((Sandaker,2008,p16المفوااار 
 . (الذاتية)المعرفة المةضةعية ، ةالمعرفة غيرالمةضةعية :للصان  ، ىما

 : المعر ة الموضوعية والفكر الواقعي 

بمعااز  عاان ذاتااو،  ،ةىااة نماا  المعااارل التااي يتةجااو بيااا الإنسااان الصااان  نحااة فعلااو التونةلااةجي
م  من المعرفاة ىاة المؤىا  للتحاة  بغث النظر عن إدراوو ىذا ا نفصا  أم عدم إدراوو ، ةىذا الن

 .بالفكر الواقعيةيمون تسمية النشا  الفوري المنتج ليذه المعرفة . إلت علم 
. ان المعرفة العملية المةضةعية ىي الأساس في انجاز الفع  التونةلاةجي ةفاب م ااييس الوفاياة

 فعاا ن عبااارات تعااةد إلاات ماا  المعرفااة العمليااة تتااأللة . ةبالتااالي فيااي ةراء تح يااب الت اادم التونةلااةجي
قةاعاااااد لأداء الفعااااا  التونةلاااااةجي  تمثااااا ، Nomo pragmatic statements إنسااااااني 

Bunge,1967,in:Mitcham,1983,p68)). الفعاال عقلانيااا اذا كااان مناساابا بأقصاا  حاا  لمياا ج  ويعتباار
ذا كاان كال مان اليا ج والوساائل المساتخ مة لموصاول إلياو تام اختيارىاا او العمال بياا  المح  ، وا 

، تام ياعتماادا علات مساتةى المعرفاة الم لةباة فاي الفعا  التونةلاةجة  .بتوظيج أ ضال معر اة متاو رة
مساتو  الفاعمياة الفكرياة الموضاوعية  التاي تحاددمان المعرفاة العملياة  مساتةياتالتعرل علت عدة 

 :  1ىية . لمصانع
  إدراو حساااي حرواااي غيااار ةاو لويفياااة إنتااااج أة اساااتصدام المصااانةوartifact  . ةحياااث إن ىاااذه

 ةىااي. الميااارات الحسااية الحرويااة ىااي غياار ةاعيااة، ف نيااا   تصاانل ومعرفااة بااالمعنت المباشاار
  .ةبالتدريب الحدسي عبر المثا  المباشر( حاص  علييا مسب ا)توتسب بالتدرب لدى أستاذ 

  المبااادئ الت نيااة(technical maxims )اة قاعاادة الإبيااام(rule of thumb ) فااي العماا .
تحادد  حياث الفعا لعمةميات حة  الميارات الناجحة فاي لل المحاةلة الأةلت لتنظيم ةاضل ةتؤل

 .الةساا  ةال رب الت نية في صن  الأشياء من صلا  تةفير ص ة  تةجييية عامة للعم 

  ال اااااااااااااةانين الةصااااااااااااافية(descriptive-laws )أة العباااااااااااااارات براغماتياااااااااااااة ال بيعاااااااااااااة(nomo-

pragmatic .) مااا  اعتمااااد ثابااات علااات ( " ب)فافعااا  ( أ)لأجااا  " بصاااي  ةىاااذه ال اااةانين ىاااي ،
تسندىا معرفة العل  التاي يعتمادىا الصاان  باةعي ( know-how)فمعرفة الويل الت نية . الصبرة

                                                 
1 

ٚ   (Alhasani,1990,p28)ٚاعخٕذ ا١ٌٙب وً ِٓ(Bunge,1983,pp62-76)ٚ(Mitcham,1980,pp234-235): ٚسدث ٌذٜ 

(Angelil,1997,p91 ) ٓاٌزٞ أضبف اٌٝ إٌّظش٠(Peter McCleary )ٗفٟ ِؤٌف:History of technology"  ." 
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ةيعتبار الابعث ىاذه ال اةانين التاي تصان الفعاا  . فاي اجراءاتاو فاي تحدياد ةسااا  ة ارب ا نتااج
لونياا مفرةضاة أة أمرياة ف ا  ضامنيا، لونياا ليسات  مث  ال ةانين العلمية لوةنيا ةصفية ظاىريا"

 ."يس ظاىرا بعدلوةن الإ ار النظري الذي يست ي  تفسير ال انةن ل ،علمية بعد
 ىنااا تةضاا  مةاصاافات الةساااا  الت نيااة ضاامن ا اار عماا  فوريااة ةاسااعة  :النظريااات التونةلةجيااة

لنظريااات امااا ت ااةم باارب  فا. ب صااد تةضاايل الحااا ت الماديااة بااالرجةو الاات نماااذج فوريااة شاااملة
 .نظامي لمجمةعة من ال ةانين أة تةفر إ ارا مبدايا عريضا لتفسيرىا

 حياث. يساعد تراوم الممارسة العملية في  التحة  من مستةى  صار باتجااه المعرفاة العلمياةة    
ن الفعاا  ىااة لأإن المعرفااة تحساان فاارن تصااحيل الفعاا ، ةالفعاا  ربمااا ي ااةد إلاات معرفااة أوثاار، لاايس "
مصاااادر )." عرفااااة بحااااد ذاتااااو ةلواااان لأنااااو فااااي الع ااااة  الباحثااااة الفضااااةلية ربمااااا ي ااااةد إلاااات التساااااؤ م

ةيمون للتصنيل السابب أن يمث  أساسا تسلسليا في الت ةر المعرفي لدى  (Bunge,1967,p67سابب،
الإنساااان باتجااااه المعرفاااة العلمياااة، ةبالتاااالي فياااة يصااالل أن يعتماااد وأسااااس فواااري لتصااانيل تااااريصي 

 .، يشتب من صلا  دراسة النتاج المنجز عبر المراح  التاريصيةاةلةجيللتون
 :المعر ة غيرالموضوعية والفكر اةرا ي 

ةىي المعرفة التي تتص  بذات الصان  إذ يعجز فييا عن عز  ذاتو عن المةضةو الذي يتةجاو 
تتادص  ، ة فياوةىة نم  المعارل التي تصض  لفور الإنسان في نظرتاو للواةن ةأصالو ةةجاةده . نحةه

 ياأساباب تواةن ب  تفسير مةضةعي ليس ليا قةاعد عم فيظير تأثيرىا بصيغة  يفي فعلو التونةلةج
 . معت دا عاما أة صاصا أة قناعة شصصية إزاء قضية ما

يمكاان عمومااا تساامية أنماااا الفكاار الااذاتي التااي تبمااورت لاا   الانسااان عماا  ماار الحقااب و     
رتبااااو بمظياار اةرا ة  ااي التكنولوجيااا، الااذي يتحاا   باا وره تبعاااا ة " بااالفكر اةرا ي "التاريخيااة 

 اي الابيعاة والمسااحة التاي يحتمياا   ياو متغيار . لمعقائ  ال ينية والروحية المختمفة لممجتمعاات
ةىاة ةقاد يلت اي ما  الفوار الاةاقعي ة يعارضاو . أي المعت اد -من  كر الصانع تبعاا لتغيارات مصا ره

نةلةجيااا المجتمعاااات ال ديماااة يناااتج ىاااذا الاانم  المعرفاااي ماااا سااامي باااالفور ففاااي تو. علاات عااادة أناااةاو 
ا غري ياة الولاسايوية يموان ال اة  بماا يسامت الفوار  للح باةة  .1الأساا ير أي الفوار صاان  الميثةبي

الميثةفلساافي ، ةللح بااة ا ساالامية يوااةن فواار الإساالام ىااة الفواار الإرادي ، ةللعصااةر الةسااي ة فااي 
 .ةلو  منيا صصةصياتو التي تنعوس علت تأثيره في المعرفة الةاقعية .المسيحي أةرةبا يوةن الفور

 :  (Volition)التكنولوجيا بوصفيا إرا ة
 :يض  ميتشام تفسيره للإرادة وما يلي 

                                                 
1 

طنبٔغ )ٚاٌخنٟ حؼٕنٟ  mythopoeicٌّظنطٍخ   (فشأىفنٛسث ،ياا ببام انفهسافت)ا١ٌّثٛبٟ ٟ٘ اٌخؼش٠ب اٌزٞ اػخّنذٖ ِخنشجُ اٌّظنذس وٍّت 

 (90ص()الاعبط١ش
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إن التونةلةجياااات تبااادة متصااالة بوااا  ماااا يموااان تصاااةره مااان إرادة ةحاااافز ةحاااب ةرغباااة ةحاجاااة "
عجاب ةاصتيار إرادة الب اء أة إرضاء : د ةصفت التونةلةجيا و رادة علت أنياةق. ةغيرىا...ةم صد ةا 

حاجاااة بيةلةجيااااة أساسااااية أة إرادة الساااال ة أة إرادة الحرياااة أة إرادة مساااااعدة ا صاااارين أة إرادة حااااب 
رادة اقتصااادية أة إرادة الشاايرة أة إرادة تح يااب الااذات ةواا  ماان ىااذه الأنااةاو . الغياار أة إرادة الثاارةة ةا 

ةي را ميتشاام   .Mitcham,1978,p258) مصدر سابب،)" ج أنما  مصتلفة من التونةلةجيايتةق  ليا إنتا
-pp258نفاس المصادر، ) بصعةبة معالجة التونةلةجيا من ىذا المنظار ةيعزي ذلو إلت الأساباب التالياة

259) : 

عاة باين التجلياات الأرب (subjective)ةذاتياة( individualized)إن الإرادة ىي الأوثار تفاردا   . أ 
إلات ( unique)ةلاذا يموان ةجاةد معنات صاان للاداف  لوا  شاصن،  ةىاذا المعنات فرياد. للتونةلةجيا

مثاااااااااا  ىااااااااااذه ة . حااااااااااد مااااااااااا، ةبارتبا ااااااااااو بالصاااااااااان  ةبا سااااااااااتصدام تنشااااااااااأ عنااااااااااو تونةلةجيااااااااااا فرياااااااااادة
  يوااةن ليااا تةاباا  اجتماعيااة أة عامااة مااا لاام تتحااد ماا  إرادات مشااابية ( individuality)الفردانيااة

 .  عل إرا ة اجتماعي أو جماعي أو ثقا يج ما يمون أن يسمت  صرين لتنت
 السااؤا ف. ىناااو داامااا فااي الإرادة مشااولة التعاماا  مااا بااين الم اصااد الذاتيااة ةالةساااا  الماديااة . ب 

ىاا  يوااةن الفعاا  أة الةساااا  المصتااارة فيااو تعبيااراً مناسااباً عاان م صااد معااين بحيااث يمواان : الااداام ىااة
؟ فلأج  تجناب الةقاةو فاي ص اأ اان احدىا إلت صصاان ا صرا ستنتاج بصةرة سليمة من صص

إلصاب إرادة ما بفع  تونةلةجي   بد من تةضيل ال بيعة الجةىرياة للعملياات ةالأشاياء التونةلةجياة 
 . ةىة ما يمون اشت اقو عبر الدراسات التاريصية ةا جتماعية ةالبياية للتونةلةجيا

ةيصترب  ego ، ةمملةء ب صد معين ناب  من قلب الأنا إن فع  الإرادة ىة فع  عملي فيو عزم  . ج 
أي   فالإرادة تعتمد علت فورة الذات التي تمتلويا الأنا، . ةيفرث علييا سلةوا مست بليا معيناالأنا، 

  .يمون أن يعرل المرء وفاحا معينا إ  إذا وةن صةرة معينة عن ذاتو

الا وا ع المفاىيمياة وراو الفعال رادة  يعبر عن مما سبب ال ة  ان مفيةم ميتشام عن الإيمون      
ةىااي الاادةاف  الإنسااانية الذاتيااة، التااي تتبلااةر عنااد توااةين الماارء لصااةرة معينااة عاان ذاتااو، التكنولااوجي 

ةيبادة بحساب  ارح ميتشاام ، أن . ةبالتالي عن ةجةده ةغايتو، أي تحديده لمةقل فلسفي فاي الحيااة
التونةلةجي ةنتاجو يب ت صعب التحديد وعلاقة بين سبب انعواس ىذه الإرادة علت صصاان الفع  

لواان عنااد تةحااد ىااذه الإرادة ماا  إرادات . ةمساابب، مااا لاام تواان ىااذه الإرادة مصاارح بيااا ماان قباا  الفاارد
أصارى مشاابية علات مسااتةى المجتما  يظيار نما  تونةلااةجي بمةاصافات ةاضاحة ذات معنات ةاضاال 

التي نشأت في عصر الثاةرة مثلا،  ،تونةلةجيا الحديثةفال. قاب  للتحديد بأقرب ما يوةن الت الصةاب
مفيةم الوفاية المادية الذي ييتم و معينةالصناعية في اةرةبا،  نسب الييا انيا اظيرت اىتماما ب يم 

حااالا  الت يااايم الع لاناااي باااد  التفسااايرات الغامضاااة التاااي تعتماااد  ةالجةاناااب العملياااة بناااةاحي النفعياااة ةا 
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فمثاا  ىااذه ال اايم  (30ن-38،ن9008مصاادر سااابب، حمااد الله،). عااات البداايااةالحاادس ةالصرافااة فااي المجتم
 . أمون تشصيصيا و رادة حاومة للفع  التونةلةجي بظيةرىا علت مستةى المجتم  وو 

يباااادة أن  بيعااااة الصااااةرة التااااي توةنيااااا الأنااااا عاااان الااااذات تتااااأثر بااااالمحي  ا جتماااااعي ةقيمااااو ة 
 فاااييم رمزياااة، تصااان الاااذات المفاااردة ةالمجتمااا ، تظير ةصصااصاااو، أي ساااياقو ، ةتتبلاااةر تبعاااا لياااا قااا

يوااةن فييااا المصاامم  يفااي التونةلةجيااا الحديثااة التاا: أنااو  يلاحااظة . مثاا  العمااارة، النتاااج التونةلااةجي
معاا، حيااث  تيمااا، أة إراد يحما  النتااج التونةلااةجي قيماا مفاىيميااة للاثناين معاا. منفصالا عان المنفااذ

 ،أمااا فااي التونةلةجيااا ال ديمااة. ونةلااةجي ةةاعيااا لذاتااو ةدةرىااا فيااةاعيااا بالفعاا  التويمااا يوااةن واا  من
تت اابب غالباا ما  إرادة ة ةاحادة ،  ىناا الإرادةفا رل ةاحاد ىاة المصامم ةالمنفاذ فاي آن ةاحاد،  فيناو

 .لمجتم ، ةذلو لضعل الةعي الذاتي للصان  ةصضةعو ل يم المجتم ا
 :التجميات الأربعة  ي تكنولوجيا العمارة -

ويل يمون للتونةلةجيا أن تتمظير في أرب  تجليات رايسية تبدة وةس   فيما سبب لبحثأظير ا
ةلأن العمااارة نتاااج إنساااني ، فاا ن حضااةر التونةلةجيااا . صلالااو تشااصين ملامحيااا  سااياقي يمواان ماان

ةتحليااا   قاااراءةالفاعااا  فاااي الوياااان المعمااااري يغااادة أماااراً محتمااااً ، الأمااار الاااذي يفصااال عااان إموانياااة 
تأشاير الجةاناب التاي يموان  عرضاو الأرب  في العمارة نفسيا ، ةسيحاة  البحث من صلا  تجلياتيا 

 . ترجمتيا إلت أدةات تعين في استوشال النتاج المادي للعمارة من مةقل تونةلةجي
 : الأشياو  ي تكنولوجيا العمارة

لفيزيااوي بصايغة ا مياوالمعمااري ذاتاو بتجبالنتاج في تونةلةجيا العماارة ،  مظير الأشياويتمث  
حياث تشاو  ىاذه المروباات ما  . مبان مؤلفة من المركبات البنائية بمقاييسايا ووظائفياا المختمفاة

 بعضيا البعث علاقات متنةعة تصبل مةاضيعا للرصد في الدراساات التاي تتنااة  النتااج المعمااري
 .فترد في مث  ىذه الدراسات  تفصيلات عديدة تتب  تةجو الدراسة. تونةلةجيا

 د يتم أصتيار احدى المروبات نفسيا، مث  مروبة الجدار الصاارجي،  مةضاةعا لدراساة ياتم فيياا ف
إذ يااادرس مااان جاناااب الماااةاد .ماااثلا رصاااد تغيااار تعبيااارات حرفاااة الياااد ةالماوناااة فاااي النتااااج المعمااااري

قااد بالم اباا ،  Alhasani,1990,p104):مصاادر سااابب) . المسااتصدمة، ةمعالجتيااا، ةاساالةب إنتاجااو ةتمثيلااو
من فضاءات، ةصصاان ةعلاقاات تنشاأ باين ىاذه  المبنت يجري تناة  ما يتةلد عن تجمي  مروبات

فتادرس مةاضاي  مثا  العلاقاات باين الفضااءات الداصلياة، ساعتيا ةدرجاة انفتاحياا علاات  الفضااءات ،
ةوا  بعضيا ةةظيفيتيا ةتةقيعيا، ةالعلاقات بين الداص  ةالصارج ، ةحتات التواةين الصاارجي العاام ، 

 (08ص -03،ص9008دّذ الله ،: ِظذس عببك) .ذلو من زاةية نظر تونةلةجية

.  بااذلك يمكاان تح ياا  مركبااات المبناا  بوصاافيا مااا يمثاال مظياار الأشااياو  ااي تكنولوجيااا العمااارة
 حيااث يصاابو حضااور العلاقااات المختمفااة التااي تقاارأ عماا  المركبااة الواحاا ة ، أو العلاقااات مااا بااين
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المعمااري  التي يقاوم عميياا النتااج المعمااري، مواضايع لرصا  النتااجالمركبات بعضيا مع بعض، 
 .من موقج تكنولوجي وتحميمو

 :العممية  ي تكنولوجيا العمارة 

 .يشتم  ىذا المظير علت مجمةعة موةنات ترد لدى الباحثين بتصنيفات مصتلفة
المنفاذ ، ةىاة بالتاالي العملياتي، ةىة مجا  البنااء : فعند إيميت يشتم  المظيرعلت الموةنين    

، ةالمواةن الإداري ةيتضامن الييوا  ماوا  وعا   وتقنيااتالجانب المادي الفيزياةي بما يتضامنو مان 
تونةلةجياا  ةيحادد ايميات بةضاةح أن  Emmitt,2002,p5):مصدر سابب). الإداري المنسب لعملية التنفيذ

المصادر )  ".كناا لمتنفياذ الماوقعيتعنا  ب نجااز التفاصايل التصاميمية التاي تجعال المبنا  ممالعمارة 
  p29 )السابب،
م ابا  موةناو  فاي. ايميات العمليااتي، ما  ماا يارد باعتبااره عملياات فيزياةياة ةفي يت ابب مواةن 

ياذين المواةنين، يظيار أن العملياة لةبمزياد مان التفصاي  . فيزياةياة عمليات غيرالإداري الذي يمث  
ا  علات . واة ارة التصميم التنفيذية غيرالفيزياةية تشتم  أسااس أما العمليات الفيزياةية البنااية فتفصا

ةىاة ماا يموان . البنااياة ال بيعاة  لغاياة تجميا  المروباات مان باستخراج الما ة الأوليةبدءا ، مرحمي
، ومااا ةرد فااي التااي تسااتصدم ىااذه المااةاد تقنيااات اةنشاااو، ثاام عمميااات معالجااات المااوا تفصاايلو الاات 

  .العمارة مص   الحسني لإنتاج
إلا  المااوا  ونوعياتيااا  أىميااة ا لتفاات، أىميااة التفاصايل ، إضاافة الاتةيؤساس مجما  ماا ساابب

ةذلو عند البحث في تونةلةجياا ، النظم المنشئية وتقنيات اةنشاو  علاةة علت ،وكيفيات معالجتيا
ثلاثة اعتباارات  يشم  تناةليا منأن  راسة عممية إنشاو المباني  ةبيذا الصدد يرى فيتشن. العمارة
  ( Fitchen , 1999, p16) المنشئية وتقنيات اةنشاو  الموا  البنائية والنظم: ىي 

مثااا  اساااتصدام الماااادة ةف ااااً لصصااااان  قابلاااة للرصاااد ن قااايمعاااالتعامااا  مااا  ماااةاد البنااااء  ةيفصااال
ظيار صصااان الماادة المنشااية ةالةحادة البصارية أماا  .(02، ن  9992التميماي، ) الس ل الصارجي، ةا 

وااذلو الانظم المنشاااية بةصاافيا  .الت نياات، فتظياار قيمياا فااي إ ااار التفاصاي  التااي اشااير إليياا أعاالاه
المباااديء التااي تنااتظم تبعااا ليااا ت نيااات الإنشاااء ، إذ ت اادم ىااذه الاانظم بأنةاعيااا علاقااات ةقيمااا مثاا  

عدديااااة الأنمااااا  العمااااب التنظيمااااي للمنشااااأ ، ةتاااااثير التصااااميم المنشاااااي علاااات الت ساااايم الفضااااااي ، ةت
.  ( 02، ن 9992التميمااي ،  :مصاادر سااابب )ةىوااذا نظةمااة المنشااأ بال شاارة الصارجيااة ،المنشاااية، ةعلاقااة م

 الأول ما ي:  -عم  أساس نوعي-( مرتوازين) ةيمون للعملية البنااية أن ترد مفصةلة الت جانبين
أناوام الاانظم ةماا تح  او مان المصتلفاة المصانعة ةغيار المصانعة  الماوا  البنائياة، ةىاة يشاتم  علات 

 أناااوام المنظوماااات الخ مياااة، وماااا يشاااتم  علااات  مصااامت أة ىيولاااي أة نظاااام السااا ةح المنشااائية
الثاااني أمااا .  (89ن-29،ن9088حمااد الله، : مصاادر سااابب )إنااارة ةتويياال ةصاارل الصااحي ،منالسااان ة
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مان موااان أة عادد  اتاوع   اةنتااج وتجييز أي ( ال اعدة الإنتاجية)ةيشم  ةساا  الإنتاج  يو تقني
جراواتااوأي ( ال اعاادة التنفيذيااة)حرفيااة، ةوااذلو أساااليب الإنتاااج  اا  أنةاعيااا الاات  تقنياتااو وا  ةالتااي تفصا

تفصاي  مظيار العملياة  يموان بنااءعلت ماا سابب،  .(90ن-99،نالمصدر نفس)ن  ةمرشاد ةمصا  حرفيا 
 :الت ثلاثة موةنات تونةلةجيا العمارةفي بنية تحلي  

حيث يشم  الموةن أنةاو المةاد البنااية ال بيعياة ةالمصانعة،ةما يجارى عليياا : نائيةالموا  الب . أ 
 . من معالجات لغرث تيياتيا وةحدات بنااية

المتبعاة فاي التعاما  ما   -الويفياات -ةىاي المواةن الاذي يضام الأسااليب :  تقنيات اةنشاو . ب 
وما يتضامن العادد . اية بأنةاعيا ةىة بذلو يتضمن النظم المنش. الةحدات البنااية لإنتاج المبنت

 .ةالتجييزات المستصدمة في ىذه الإجراءات

ةىةموةن غيار فيزيااةي ، يتضامن الييوا  المساؤة  عان تنظايم العملياة : إ ارة العممية البنائية . ج 
 . البنااية ةقيادتيا ةالتنسيب بين أ رافيا

 :المعر ة  ي تكنولوجيا العمارة
إذ تظيار فاي . معرفاةبةصافيا ا سابب فاي ف ارة التونةلةجياا يعاةد البحاث الات ما ىذا المظيار في 

. أفوااار بعااث الباااحثين فااي تونةلةجيااا العمااارة نفااس تةجيااات البحااث الحااالي المااؤ رة بم تاارح متشااام
، باعتبارىا 1ترد مستةيات المعرفة الةاقعية سالفة الذور ففي مجا  ما عرفو البحث بالمعرفة الةاقعية،

لواا  منيااا ة ، حديثااة مواانيااة تونةلةجيااا ة ، ا بااين تونةلةجيااا قديمااة حرفيااة تحاادد فرقاا 2نظريااات للإنتاااج
ةقااد بااين البحااث أن المعرفااة التونةلةجيااة تتاازةد ماان منباا  فوااري آصاار ىااة الفواار الإرادي . وصصااصاا

ةىذا النةو من المعرفة . الذي ينتج معرفة ذاتية، تفرث قةاعد عم   علاقة ليا بالوفاية التونةلةجية
يضااايل لاااو شاااياا سااالبا أم  رفاااة الةاقعياااة ي ةياااو ةيتوامااا  معاااو، أة يعاوساااو ةياااؤصره، أة  مااازامن للمع

اةرا ياة تماثلان المكاونين الأساسايين  اي  والمعر اة الذاتياة الواقعياة  المعر ة الموضاوعية .إيجابا
 .المعر ي العمارة مظير تكنولوجيا

                                                 
1

  .ِغخ٠ٛبث اٌّؼشفت اٌٛالؼ١ت اٌّٛظفت فٟ اٌفؼً اٌخىٌٕٛٛجٟ : ساجغ ِبذث 
2

 .ساجغ ِخطظ اٌذغٕٟ لأخبج اٌؼّبسة  
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 : ي النتاج المعماري موضوعيةالمعر ة ال
 .ًايماوااااان مااااان قراءتاااااو تونةلةجيااااا ة الةاقعياااااة فاااااي النتااااااج المعمااااااري،لمعرفاااااتغيااااار مساااااتةيات اإن 

: يمواان رؤيااة العمااارة بشاااو  Ortega,1961,p114)) فبالإسااتعانة بتصاانيل أةرتيغااا لأنمااا  التونةلةجيااا
 . عمارة تونةلةجيا بدااية ، ةعمارة تونةلةجيا الحرفة، ثم عمارة التونةلةجيا المع لنة

بداايااة بسااي ة لاايس ل اعاادتيا المعلةماتيااة تصاانيل  اتونةلةجياا تنااتج عاانيااة أنمااا  العمااارة البدااف
   ينظاارإذ  .، فيااي ومااا سااماىا أةرتيغااا تونةلةجيااا المصااادفةالمعرفااة المةضااةعية ضاامن مسااتةيات 

الإنسان البدااي لنفسو ومصترو  صتراعاتو ب  يبدة الإصتراو  لو وجزء من قدرة ال بيعاة فاي تجييازه 
فمةادىا الأةلية تستعم  وما يجدىا الإنسان فاي   p144) ،مصدر ساببال)  .ليس العوسبأدةات جديدة ة 

جاااراءات إنشااااايا مااان السااايةلة ةالبساااا ة مماااا يجعلياااا سااايلة  ال بيعاااة دةن تغييااار يجااارى عليياااا، ةا 
غيااار محوةماااة مااان ال بيعاااة ة وماااا إن أشاااواليا، مساااتةحاة  .المزاةلاااة مااان قبااا  أفاااراد الجماعاااة جميعاااا

بانعااااااادام التصاااااااةر لااااااادى الإنساااااااان البااااااادااي عااااااان أياااااااة تفسااااااايرات  ذلاااااااورب  يااااااا، ة بيندساااااااة قةياااااااة 
 . مما يحي  المةضةو الت الفور الإرادي المنتج للمعرفة الذاتية (Gelernter,1995,p36)وةنية
 االإغرياب ةرةماا ماا قبا  الإمبرا ةرياة ةتونةلةجيا اتونةلةجي ، فمن أمثلتياالحرفة اتونةلةجي أما  

فاي  (المبااديء الت ريبياة) يعتمد انتاج العمارة إذ  Ortega,1961,p145):مصدر سابب) .العصةر الةسي ة
قةاعاااد ةتنظيماااات للعمليااة الإنتاجياااة مااان حياااث  تصااا ، يالبدايااة ، ثااام مااا  زيااادة الصااازين التونةلاااةج

مثلا، مجمةعة مان التفاصاي   ف د ح ب الإغريب،. (قةانين ةصفية)ة ةال رب المتبعةالةساا  المعتمد
ةىااااي –الإنشاااااية الدقي اااة التاااي ت لاااب انجازىااااا إدراواااا ةاعياااا  بت نياااات المااااادة المتداةلاااة فاااي البنااااء 

ماان ذلااو إجااراءات ن اا  ىااذه الأحجااار ماان م العيااا ةرفعيااا ةتةقيعيااا بدقااة فااي أماونيااا فااي  -الحجاار
ن وتابات الإغريب فاي العماارة لغاياة ةيذور جلنتر أ  .المبنت بما يحافظ علت نظافة حافاتيا ةرب يا

في ، ة ال رن الراب  قب  الميلاد تروزت في شرح النسب ةالصصاان الم بةلة لأنساب ال رز المتداةلة
مناقشة شؤةن ت نيات الإنشاء، ةىي قد وتبت برأيو لتثبيت ال ةاعد ةللمساعدة في تدريب المعمااريين 

  Gelernter,1995,p59)مصدر سابب ،  ).الشباب
اعتماااد العلاام أساسااا لبنيتيااا، ةحاادةث التااراب  الملاازم بااين ةفااي عمااارة التونةلةجيااا المع لنااة يباارز 

، فتصض  العملية الإنتاجية بتفاصيليا الإجرااية ةنتااجياا المأمةلاة   المةضةعي ةالفع يالفور العلم
 . ء علت مستةى الةاق للفحن الفوري ةالدراسة العلمية قب  الشرةو بالتنفيذ، تلافيا للع بات ةالأص ا

أ ر الت ييس ظير تأثير الماونة في إنتاج العمارة ةفب ةقد  .(97،ن 9008حمد الله، مصدر سابب ،  )
ةالتصااني  المساابب الوماايا للعناصاار ةالمروبااات البناايااة ، سااعيا ةراء تح يااب وفايااة أعلاات فااي العمليااة 

فاي ثلاثيناات ال ارن   International  Styleةتولا  ذلاو بتبلاةر ال اراز العاالمي فاي العماارة  البنااياة
 ا  ت تونةلةجيااااا التحااااة  نحااااة يجاااار ياليااااةم ف أمااااا (989، ن9993رسااااة  ، : مصاااادر سااااابب ) .العشاااارين
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 (CAM Computer Aided Manufacturing) التصني  بمساعدة الحاساةبتعتمد  التي  ةيالرقم

من الإنتاج الومي  potential paradigm shiftتلعب دةراً حاسماً في تحة  وامن للنمةذج  ةالتي، 
ا عتماد علت الحاسةب في المراحا   حيث يتم.  ةالت ييس الملازم لو إلت فورة إنتاج عناصرمتصالفةً 

نتاااج العناصاار ثاام بالترويااب بالإموااان برمجااة الرةبااةت ليغياار ف .الإنتاجيااة الااثلاث أي فااي التصااميم ةا 
صالفااا ةتنةيعااا فااي الإنتاااج دةن الإصاالا  بمت لبااات ليح ااب ت، فااي مةاصاافات النتاااج، ةبصااةرة ذاتيااة 

بااااذلو فاااا ن  ماااةح المصااااممين ةالمصاااانعين . الوفاياااة ماااان حيااااث الااازمن ةال اقااااة ةالمااااادة المصااارةفة
ةا قتصااد بادأ يشايد حالًا ، صالا  ماا   differentiationالمتناقث ظاىرياً في الجم  باين التصاالل 

  (Menges,2006,p71-76).المنةو حسب الرغبة أي التصني  الومي  mass customizationيسمت 
 

 :المعر ة الذاتية  ي النتاج المعماري
فاي ممارساات مصتلفاة ل ةاعاد العما  التونةلاةجي  ينعوس حضاةر ماا ساماه البحاث الفوار الإرادي

 . في مجا  البناء وما في المجا ت الأصرى
الفور )ور المجتمعات ال ديمة ةيمون تةضيل نشا  ىذا الفور في إنتاج معرفة ذاتية من صلا  ف

حيااث ي اادم ماان الساالةويات مااا يتنااافت تمامااا ماا  مباادأ الوفايااة ، الااذي سااب ت الإشااارة اليااو ( الميثااةبي
المفتاارث فااي الفعاليااة البناايااة التونةلةجيااة، ةقاعاادة العماا  فييااا تح ااب أىاادافا ذاتيااة عا فيااة، ةلاايس 

 لعاراب ال ااديم مااثلا، يموان تفياام تشااييد مبنااتففااي ضاةء ساايادة ىااذا الفوار فااي مجتماا  ا. أىادافا عمليااة
المعبد البيضةي فاي صفاجاة بأوملاو فاةب حفارة مملاةءة برما  أبايث ن اي عم ياا ثمانياة أمتاار، ةالتاي 

فساارت بأنيااا تجسااد الرغبااة فااي عااز  المعبااد 
عما يحي  بو من أشياء دنيةية غير  اىرة 

ومااااااا يمواااااان فااااااي  . (29، ن9089مةرتغااااااات،)
اب ممارساااااااة ضاااااااةء ىاااااااذا ال ااااااارح، اساااااااتيع

تااازرو فاااي اساااس المبنااات،  اساااتصدام تماثيااا 
بشو  أةتااد أة مساامير وبيارة يصان  الجازء 

 انسان  ا علت منيا علت شو 
ةتفساار بوةنيااا تعباار عاان فواارة   (3شااو  ) 

  ثبااةت البناااء فااي ا رث ةقااد تاازةده باادفاو
المصااااااااادر )ساااااااااحري ضاااااااااد ال اااااااااةى الشاااااااااريرة 

 (29السابب،ن
ماااااارة ةلعااااا  الظااااااىر أن تونةلةجياااااا الع

المع لنااااة حجباااات أيااااة فاعليااااة للفواااارالإرادي 

 

ِغننب١ِش الاعننظ فننٟ ِبننبٟٔ اٌؼننشاق اٌمننذ٠ُ (3شننىً )

 (9089ِٛسحغبث،)
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غيارأن ماا يموان قةلاو بياذا الصادد ان . المرتب  بالذات، ةأعتمدت وليا علت المعرفة الةاقعية العلمياة
الوفايااة التونةلةجيااة، ممااا ةحااد  دفيا فاايالفواار الإرادي قااد إلت اات وليااا ماا  تةجااو المعرفااة الةاقعيااة ةىاا

 . دةرييما في الإنتاج
 : ي تكنولوجيا العمارةةرا ة ا

وما تباين، ةيارةم  يمث  ىذا الةجو من التونةلةجيا المظير الذاتي في الجانب الفوري للتونةلةجيا
البحث ىنا الفص  باين الفوارة التصاميمية المعمارياة التاي يضاعيا المصامم ةباين الإرادة، التاي تحوام 

الموقاااج الفمسااافي الاااذي يشاااخ   أة بعباااارة أصااارى. التاااي أفااارزت تلاااو الفوااارة الااا وا ع المفاىيمياااة
إذ   ين باب الإثناان . وراوىا، والذي يكشج ، ابيعة المشروم الحياتي الذي اعتنقو منتجو العمل

ففاي المشااري  المعمارياة التاي تراعاي الماؤثرات . لون الأة  يعين في فيم الثااني ةبياان  بيعتاو. معا
مثا  مشارةعي  ،عوس علت الشاو  المعمااريالبياية، مثلا، ت رح مصتلل الأفوار التصميمية التي تن

 استثمارإذ يحرن فةستر علت . (4شكل )في المعمار نةرمان فةستر
 لوااان ىاااذه الأفواااار بااادةرىا، علااات. الماااؤثرات البياياااة فاااي عملياااة التصاااميم مااان صااالا  تةظيفياااا رقمياااا

 .eco-centeredتنةعيا، تفصل عن  بيعة الإرادة في الفع  التونةلةجي بوةنيا مةجية بيايا 
 .المصتلفةت ةير تونةلةجيات ا ستدامة  أسفر عنالتونةلةجيا نم  من إرادة  ةىة

الإرادة  وشاال عاان إرادة مصتلفااة تمااام الإصااتلال عاانييباارز بالم اباا  ماان النتاااج المعماااري مااثلا، مااا 
 نم  من الإرادة علت الس ل برج صليفة ي فة ِششٚع فبالنظر الت مشاري  مث  المةجية بيايا ،

ذات النم  الذي ي ب  معظام المشااري  العمرانياة فاي مديناة دباي ، إن لام يوان ولياا ، ةىاة إرادة ىة 
إذ يمون استشفال ىذا النم  الإرادي في مظااىر الباذخ  -ب ستعارة تعبير متشام -الثرةة ةالإقتصاد 

 .ةالإستيلاو لمةارد ال اقة ةالبياة التي نحت إلييا ىذه المشاري  
 

 

 

 

 

 

 

 

 

 

 

 

   

  

  
   Swiss -  Re  Headquarter,   London  ،  1997  -  2004  ِششٚع  :

  
    Greater Londo n Authority  Headquarter ,   London   ،  2002  ِششٚع  :

( حىٌٕٛٛج١ب الإسادة 3-2)شىً 

اٌّٛجٙت ب١ئ١ب-ِششٚػبث ٔٛسِبْ 

فٛعخش. 

Abel,2004 

 

حىٌٕٛٛج١ب ( 9شىً ) 

. الإسادة اٌّٛجٙت ب١ئ١ب

 .ِشبس٠غ ٔٛسِبْ فٛعخش

(Abel,2004) 

ةبنااااااااء علااااااات ماااااااا سااااااابب ، 
يتةضاااااااااال مظياااااااااار الإرادة، 
بوةناااااااااااااو مماااااااااااااثلا للاااااااااااااداف  
 المفاىيمي ةراء فع  البناء،
أة بدرجاااااة أعماااااب المةقااااال 

ي فااااااااااااااو الفلساااااااااااااافي الااااااااااااااذي 
المنتجاااااةن، ةالاااااذي تتبلااااااةر 
عنااو قصاااديا فوااارة المصااامم 
التصاااااااااااااااميمية لمشااااااااااااااارةعو 
المعماااااااااااري ، ةت اااااااااا  فااااااااااي 
صدمتااااو مجماااا  ا عتبااااارات 

 التونةلةجية المةظفة في 



 َادٌت عبد انًجٍد                                                                                         ححهٍم انُخاج انًعًازي نخكُىنىجٍا وانعًازةا

 صبا سايً                                                                                                                     يٍ وجهت حكُىنىجٍت 

 

 099 

 ةبااالعةدة الاات ماساابب بيانااو عاان عااديااة الإرادة،  . النتاااج ، ب يمااو الجماليااة ةتعبيراتااو الشااولية تح يااب
 :موةنين اساسيين في مظير تونةلةجيا العمارة بةصفيا إرادةيمون تمييز 

رتب  بةعي المناتج لذاتاو ةتالمنتج  من قب  االتحديد إذا ما صرح بي ةسيل يةى :الإرادة الفردية . أ
 . اتي الصان ةمشرةعو الحي

 ،ظير عند سيادة تةجو فلسفي معين يمارس سل تو علات الإرادات الفردياةةت :الإرادة الجماعية . ب
وماااااا  .ماااااا شااااارح اعااااالاه عااااان عماااااارة الإساااااتدامةفيةحاااادىا ةيةحاااااد نم ياااااا التونةلاااااةجي ةمثالاااااو 

اعيااة، تظياارالإرادة الجماعيااة فااي العمااارة التاريصيااة التااي تااذةب فييااا إرادة الفاارد ماا  الإرادة الجم
تااذيب المااادي  "  لعمااارة الغة يااة مااثلا فااي وةنيااال فشأننه ٠ٌٛننذ سا٠ننجأمثلتيااا ةصاال  ماان ةالتااي

   (Weston,2003,p44) "ةصة  الت الرةحي

 :البحثية  ي  راسات تكنولوجيا العمارةفر ات الم -
ات التاي الأشاياء ةالعملياة ةالمعرفاة ةالإرادة، مجمةعاة مان المؤشار : التجليات الأربا  السااب ةت دم 

العلاقاااات ال ااماااة باااين موةناتياااا  ةتحاااة ت لاساااتد   علااات  بيعاااة فاعلياااةليموااان اتصاذىاااا مةاضااا  
ةىااي ليساات الةحياادة ممونةالإشااات اب، لونيااا حسااب البحااث الحاااالي أباارز مااا يمواان تناةلاااو  المصتلفااة

 .، ةفيما يلي بيان ىذه المفرداتل راءة النتاج المعماري ةتحة تو من ةجية تونةلةجية
 : الما ة ومعالجاتيا  

تنفيذ التصميم يعني تحةيلو ف .قيما تنتج عن تعام  الصان  م  المةاد البنااية ىذه المفردة ترصد
.  بيعياة أة صاناعية اء ةالمعمار الت مةادةلتصةر التصميم يحتاج و  من البنا . إلت شيء فيزياةي
ع اااء ىااذه المااةاد للاصت لااو  اااب  فنااي ةآصاار علمااي يصاابل أساسااا، ةفياام ىااذه المااةاد  يااار ةالااتحوم ةا 
فاي صصااصايا،  ةتصانيعيا معالجاة الماةاد وا  مان ؤثرية  (Alhasani, 1990, p22) . تشويليا النيااي

ف ااد أصااابحت التونةلةجياااا أداة للتلاعاااب . ال بيعياااة ياةأحيانااا يلغاااي صصااصااا ،يضاااب  ةيحسااانومااا 
ات تشااااعب مااااذى  فااااي ةجعليااااا بشااااو  مااااا باااالا صصاااااان محااااددة أة ذ بصصاااااان المااااةاد ةقيميااااا،

 ةباااين الضاااارةرة ةالإموااااان، ،بااااذلو أضااااحت الماااادة فااااي صااااراو باااين ال بيعااااة ةالث افااااة .الصصااااان
  ((Sandaker,2008,p29 ."ةالتونةلةجيا ىي الةسي  في ذلو

مان التفصاي  : مصتلل الم اييس التي يموان للماادة أن تشاوليا  للمةاد ةيتضمن التشوي  النيااي
. ةيجري ىذا التعام  بشو  مباشار أثنااء العملياة التنفيذياة. معماري الوام  الدقيب ، ةحتت الويان ال

مظيار يموان تأشايرىا فاي  ، أي بعبارة أصرى نتاجرب  مباشرة الفعالية البنااية بالت فردةبالتالي م يفي
ل اد أبادى بعاث منظاري العماارة آراءىام فاي العماارة مان من لاب . تكنولوجيا العمارة بوصفيا عممياة

عااان مساااألة اللاااةن فاااي العماااارة  1فاااداف  سااامبر .  بالماااادة ةانعوااااس ىاااذا التعامااا  علااات الشاااو التعامااا
                                                 

1
اوذث ِؤٌفبحٗ فٟ ٔظش٠ت اٌؼّبسة ػٍٝ حأث١ش إٌّشأ فٟ ...ِؼّبسٞ ِٕظش اٌّبٟٔ: Goterfied Semper  9793-9780وٛحفش٠ذ عّبش 

 AD, vol. 51,1981, p10. )اٌطشاص وّب عؼٝ اٌٝ حشج١غ اعخخذاَ أوبش ٌلأٌٛاْ
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بااين أن الإغريااب بنااةا معاباادىم ا ةلاات إذ الإغري يااة ماان من لااب ع لانيااة تعاماا  ىااؤ ء ماا  المااادة، 
ثاام إنياام فااي النماااذج . غياار الجااذاب، الااذي وااان بحاجااة ل لااااو بااالجن ثاام تلةينااو porosبحجاار 
ن علااات إتبااااو ذلاااو النماااةذج الأبااايث الجياااد واااانةا مجباااري pentelicالتاااي انجااازت بمرمااار  المتاااأصرة
ةبااين انااو تحاات أشااعة الشاامس السااا عة وااان . لواان دةن الحاجااة إلاات الجاان قباا  التلااةين ال اعاادة

ةان ال شرة الذىبية التي نراىاا . المرمر البراب سيبدة غير مريل للعين، ةتم تحسين ذلو عبر التلةين
: مصادر ساابب) يا اليةم ليست وماا افتارث سااب ا رةاساب الازمن با  ىاي ب اياا أصابا  قديماةةنعجب ب

Weston,2003, p61 ) .   
 : المنشأ وعلاقاتو 

تظياااار ىااااذه المفااااردة ع لانيااااة تةظياااال الصااااان  للمنشااااأ ةالعناصاااار المنشاااااية ةتااااأثير ذلااااو علاااات 
فضااءات ،  ةيموان أن تاؤدي صصاان الشو ، حيث يمون للمنشآت أن تلعب دةراً ميماً ومنظم لل

 , Sandaker :مصادر ساابب)ةظااال أصارى تلحاب بياا ، واأن تواةن عاةاز  بياياة أة مرشاحات إضااءة 

2008 , p2 ) يجاااد المةازنااة المنشااتتمثاا  الةظيفااة الأساسااية للمنشااأ ، ف ية ابن اا  ال ااةى ةالأحمااا  ةا 
 .ةى بأقاا  مسااارات ممونااةي علاات عوااس ا نت ااا  ال بيعااي لل اااللمبناات، بحيااث يروااز الشااو  المنشاا

 مظير العممياة  اي ي من المفر ات المتضمنة  ةىذه المفردة أيضا (98،ن9992التميمي،:مصدر سابب)
إعتبارىاا مشاتملة ضامن مواةن ت نياات الإنشااء ، لوةنياا تمثا   ال ارار  ، إذ يموانتكنولوجيا العمارة 

 .التنظيمي لويفية صياغة الةحدات البنااية ةتجميعيا 
 .ةوفايتاو مادى ع لانياة ا نشااء أىمياامن عدة جةانب  في العمارةلاقة المنشأ بالشو  نةقشت ع

ف د أود فيةليو لةدةو علت ما يسمت بالصراحة المنشاية، فالشو  عنده يجب أن يتةحد ما  ا نشااء 
بااذلو ةصاال العمااارة الغة يااة بالومااا  ماان من لااب التااراب  العضااةي بااين . تةحاادا ح ي يااا ان ةلةجيااا

ىا المنشاية ةشوليا المعماري،  ةآمان أن الح ي اة المتضامنة فاي الشاو  ال ارازي، مثا  حالاة عناصر 
ال اراز الغاة ي، ت اا  فاي المادى الااذي جارى فياو اظيااار النظاام الصفاي ماان العلاقاات المساؤةلة عاان 

 Angelil,1997,p386) ِظذس عببك، ) . انشاء الشيء المعماري

 :بناو التفصيل 
الت نيااة المتبعاة فااي التنفياذ التاي تح ااب تفاصاي  الشااو  ، ةتظيار تفياام  ةيادةر ىاذا المحااةر حاة 

. عمليااةالعمااارة بةصاافيا  بتونةلةجياااأيضااا تاارتب   ي مفااردةالصااان  ةتمونااو ماان مادتااو ةت نياتااو، ةىاا
للتفصي  دةر في التعبير عن تونةلةجيا تنفياذه، ةبالتاالي نما  العملياات الفورياة المةظفاة فاي إنتااج ف

 : أنالمعماري ةالمنظر  فراسواري ماروة يرى ذا ا  ار ةفي ى .المبنت
ان و ....التفاصيل ىي المكان حيث تنتظم المعر ة  ي نس  يج  العقل  يو  اعميتو التي ىي المناا "

ومناااا   (the techne of logos)التكنولوجيااا بوجو ىااا ذي الااوجيين  ااي ممارسااة المنااا  
أي إن إنشاااو العمااارة  .لفياام  ور التفاصاايل ىااي الأساااس (the logos of techne)الممارسااة
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ويمكاان تعريااج التفصاايل المعماااري بأنااو اتحااا  بااين اةنشاااو . وتفسايرىا موجااو  كلاىمااا  ااي التفصاايل
 ". الاااااااذي ىاااااااو نتااااااااج مناااااااا  الممارساااااااة والتأويااااااال الاااااااذي ىاااااااو نتااااااااج ممارساااااااة المناااااااا 

(Frascari,1995,p500) 

يااارتب  بشااادة باااالمن ب البصاااري، ةىاااة يل اااي  ،للتفصاااي  أن المن اااب الإنشاااااي" ةتااارى الحساااني  
 فحاا   (Alhasani, 1990, p106). عمميااة اةنتاااجالضااةء علاات  ري ااة اسااتصدام المااادة ةعلاات 

  .، وبالتالي تقييميا تكنولوجياالتفاصيل بصريا يمكن ان يقو نا إل  منا  إنشائيا
بناااو التفصاايل  عباارتناةلااو ةيظياار عباار الدراسااات أن مةضااةو تجمياا  المروبااات البناايااة يمواان 

عةامااا  تصاااميم التفصاااي  البناااااي المعب رعنياااا  ، ماااثلا،، إذ درس إيمياااتالاااذي يصاااوق العلاقاااة بينياااا
ب ضايا متداصلة تتضمن مت لبات الإحتةاء ةالةظيفة، ةال ابلية البنااية، ةقضايا البياة ةالجاةدة، ةوا  

 . (Emitt,2002, pp5-6)ذلو ضمن ةقت ةولفة محددين، ةاعتمادا علت الفع  الإنساني 
 : وقيم الما ة 1التكتونية

ب ري ة يواةن ة تعبير صان ينشأ عن الم اةمة الساونة للشو  الإنشااي  : التوتةنيو بأنو يعرل
     (pp19-20 نفس المصدر،). مون عزةه إلت المنشأ ةالإنشاء ف  يفييا التعبير الناتج 

، اذ تعبااارعن مااادى ةعاااي البناااااء  ولوجياااةتتصااال مفااار ة القااايم التكتونياااة مباشااارة بالمعر اااة التكن
فالمعرفااااة التونةلةجيااااة ، بويفيااااات  .بجمالياااات المنشااااأ ةالمااااادة، ةقابليتاااو فااااي اظيارىااااا علاااات الشاااو  

اشتغا  المادة البنااية ةمدى  ةاعيتيا ةمرةنتيا ة بيعتيا ةما يناتج عنياا مان معرفاة بانظم إنشااايا، 
ستصداميا من مجاا  الحرفاة ةالصانعة ةالإجاادة فيياا إلات يةلد بدةره مرةنة في التعام  معيا ترت ي با

) المستةى الفني ةالجمالي ، مما يجع  ىذه الإجادة ، ةماا ينساحب عليياا مان تعبيارات جمالياة ةفنياة
 Vittorio Gregottiالت رؤية فيتةرية غريغةتي  فرامبتةنمؤشراً للرصد ، ةيشير  (أي قيم توتةنية

بن  ينبع عن قابميتو  ي إظيار كل من السمات الشعرية والمعر ية ي ملأاةمكان التكتوني ن في أ
تااراث ، فااي مؤلاال صااان  ،تتباا  وينيااث فرامبتااةنةقااد .  (Frampton,1995,p26).لما تااو  ااي آن واحاا 

ففاي الفصا  الصاان . إلات ال ارن العشارين هالتوتةنيو منذ الاةعي باو فاي ال ارن التاسا  عشار ةامتاداد
ةا نوليزياااة فاااي ال ااارن التاسااا  عشااار، يااارى فرامبتاااةن أن فوااارة التوتةنياااو  بتوتةنياااو العماااارة الفرنساااية

تمحاااةرت حاااة  المثاااا  الإغري اااي الغاااة ي بالنسااابة للعماااارة الفرنساااية،ةحة  الإحيااااء الغاااة ي بشاااو  
 Frampton,1995,p30)ِظذس عببك،) .ةمشترو بين الفرنسية ةا نوليزي

 

                                                 
 

1
مشْ اٌخبِظ لبً ا١ٌّلاد حطٛس ٚفٟ اٌ. اٌخٟ حؼٕٟ إٌجبس أٚ اٌبٕبّء tektonوٍّت إغش٠م١ت الأطً ِشخمت ِٓ اٌىٍّت  tectonicاٌخىخ١ٔٛه  

-  poesisٌٍّظطٍخ بؼذ آخش فخذٛي ِٓ اٌذلاٌت ػٍٝ شٟء ِذذد ف١ض٠بٚٞ ِثً إٌجبسة اٌٝ ِفَٙٛ اٌظٕغ بظٛسة أػُ ٚحضّٓ فىشة اي 

فٟ  ،، ب١ٓ ادٌٚف ٕ٘ش٠ش بٛسب9709ٓ١فٟ   .architektonٔفغٙب حطٛس ِظطٍخ اٌبٕبّء الأعخبر  tektonِٚٓ وٍّت  -اٌظٕغ ٌذٜ أسعطٛ

فٟٙ حؼخّذ وث١شا ػٍٝ ...اْ اٌخىخ١ٔٛه حخٛجٗ ٔذٛ الإٔشبء أٚ اٌظٕغ ٌؼًّ دشفٟ أٚ فٕٟ :" اٌّضّْٛ اٌجّبٌٟ ٌٍىٍّت فىخب ،دساعت فٍغف١ت

 (Frampton,1995,pp3-4) ". اٌخطب١ك اٌظذ١خ ٌمٛاػذ اٌؼًّ اٌذشفٟ أٚ دسجت ِٕفؼخٗ اٌخٟ أِىٓ حذم١مٙب
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 : التعبير الشكمي 
، النتااااج التكنولاااوجيعمارياااة التاااي تح ااب رمزياااة معيناااة تظيرعلااات ةيتمثاا  بمجمةعاااة العناصااار الم

 :ي ة  ممفةرد .  التكنولوجيا كارا ةةيرسخ  منبعيا مباشرة في 
 ياااو بخااالاج الحيواناااات لا . يتمياااز اةنساااان عااان الحياااوان بقابميتاااو عمااا  الترمياااز"         

عا ة  بل يستايعيستجيب  قا للإشارات البصرية والصوتية،  تمثيل أجازاو مان بيئتاو، تجري  وا 
قا  ااور اةنساان و ....وأجزاو من تجربتو وأجازاو مان ذاتاو  اي أشاكال رمزياة منفصامة و ائماة

عباار الفنااون وسااائل خاصااة لتخمياا  واسااتذكار تجربتااو الجوىريااة  ااي الحياااة ومشاااركتيا مااع 
وبمساااع ة الرمااز لاام يوحاا  اةنسااان  قااا الاازمن الماضااي مااع الحاضاار، لكنااو ربااا . امخاارين

 ."الحاضااااااااار ماااااااااع اةمكاناااااااااات المثالياااااااااة التاااااااااي يمكااااااااان أن تنشاااااااااأ  اااااااااي المساااااااااتقبل
((Mumford,1951,pp17,18 

يظياار الإنسااان رمااةزه فااي أشااوا  الفنااةن المصتلفااة ماان رساام ةنحاات ةمةسااي ت ةأزياااء ةفااي العمااارة 
المجتما  يلصاب د  ت معيناة بالسامات المصتلفاة للبيااة :" ةفي ىذا الإ ار تباين الحساني أن. وذلو

مصادر ) .لمبنية ةتتضمن ىذه ارتبا ات بذوريات الماضي أة الحاضر ةباليةية ةبالث افاة ةبالم اصادا
 Alhasani,1990,p101) : سابب

 مان علاقاات عاماة، مجمةو المروبات البنااية فيما ي دمو رأ تللتعبير الشولي أن  لد  ت ةيمون
  -للمروباااات البنااياااة  –بساااي  المفااار  العماااارة الحديثاااة نحاااة الت تياااار ميااا مثاااا  ذلاااو رصاااد ممفاااةرد ل

أن للاقتصاااد ةالبسااا ة جااذةرىا فااي "بااداعي الةظيفيااة ةالإعتبااارات المةضااةعية فااي التصااميم مبينااا 
الرةح الإنسانية، إذ تتمث  في الرغبة في التصلن من الرمزية المفر ة، ةفي تجنب التزيين بأي ناةو  

فحتات .لتزام الصمت حينما   يوةن ىناو ماا ي اا ، ةفي اصتزا  حتت الولام إلت أبس  صةره ةفي ا
مثاااااااا  الرغبااااااااة فااااااااي النظااااااااام ةالأمااااااااان : الةظيفااااااااة الميوانيويااااااااة ذاتيااااااااا تسااااااااتند إلاااااااات قاااااااايم إنسااااااااانية

  Mumford,1951, pp118-119): مصدرالسابب).ةالسل ة
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 :استنتاجات البحث
 لاااي شااامةليالااات ىيوااا  تحلي عناااي البحاااث بت صاااي امواناااات تحليااا  تونةلةجياااا العماااارة ، ةصاااة 

ف ااد . اسااتند فيااو الاات ال اارح الم اادم ماان قباا  فيلسااةل التونةلةجيااا المعاصاار وااار  متشااام (5شااكل )
الأشاااياء ةالعملياااة ةالمعرفاااة : أظيااار البحاااث إمواااان بحاااث تونةلةجياااا العماااارة عبااار أربااا  تجلياااات ىاااي

 :ةقد حدد الموةنات الرايسية لو  من ىذه التجليات ةوما يلي .ةالإرادة
 .المبنت بم اييسيا المصتلفة ممثلة لمظير تونةلةجيا العمارة وأشياء ظيرت مروبات -
دارة العمليااة البناايااة بةصاافيا الموةنااات الأساسااية  - تحااددت مااةاد الإنشاااء ةت نياتااو ةا 

 .لمظير تونةلةجيا العمارة وعملية

معرفيين ىما المعرفة  علت نم ين لتونةلةجيا العمارةتةضل اشتما  مظير المعرفة  -
 .ةالمعرفة المةضةعيةالذاتية 

تةضاال إشااتما  مظياار الإرادة فااي تونةلةجيااا العمااارة علاات نم ااي الإرادة الجماعيااة  -
 .ةالإرادة الفردية

يموااان أن ت ااارأ وةاقااا  ساااياقي لتونةلةجياااا  بموةناتياااا المصتلفاااة ةقااد  حاااظ البحاااث أن ىاااذه التجلياااات  
ه المؤشارات أدةات ةمفاردات مؤشارات مةضاةعية ، لتصابل ىاذ مجمةعاة إشتب من صلاليا  العمارة ،
يموان رصاد فاي إ اار ىاذه المفاردات ف  .النتاج المعماري مان ةجياة تونةلةجياةبيا في قراءة  يستعان

تجلياااااات تونةلةجياااااا العماااااارة ، ةت يااااايم تغيراتياااااا  موةنااااااتمصتلااااال التاااااي ت يمياااااا  العلاقااااات المصتلفاااااة
 .لةجيا العمارةةتحة تيا، التي تشو  مةاضي  الدراسات ةالأبحاث في مجا  تونة 

 :ةىذه المفردات ىي 
التعبيااار  -ةقااايم الماااادة التوتةنياااة -.بنااااء التفصاااي  -. المنشاااأ ةعلاقاتاااو -. الماااادة ةالتعامااا  بياااا -

حياااث ةضااال البحاااث ارتباااا  وااا  مااان المفاااردات الاااثلاث الأةلااات بمظيااار تونةلةجياااا العماااارة  .الشاااولي
ة ، ةارتب ت مفردة التعبيار الشاولي بمظيار وعملية، في حين ارتب ت مفردة التوتةنية بمظير المعرف

 .الإرادة في تونةلةجيا العمارة
رداتو الصمسة ، ةقد اس  ت فاي فالييو  التحليلي الم ترح لتونةلةجيا العمارة ، بم (5الشكل )ةيبين  

ةومااا ةرد فااي مااتن  مجاليااا نماااذج ماان العلاقااات الم رةقااة فااي بحااةث ساااب ة فااي تونةلةجيااا العمااارة
 . البحث
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 :صا ر البحثم
 ُسعنبٌت ِبجغنخ١ش، جبِؼنت أثس حطىزاث حكُىنىجٍا انًُشاأ فاً انخشاكٍم انًعًاازي.اٌخ١ّّٟ، اعبِت ػبذ إٌّؼ ،

 .9992بغذاد، و١ٍت إٌٙذعت، 

 9008، سعبٌت ِبجغخ١ش، جبِؼت بغذاد، و١ٍت إٌٙذعت، انخكُىنىجٍا وانشكم. دّذ الله، سغذ ٔؼّت الله. 

 ٛ٘ ،اطشٚدننت  . دزاساات ححهٍهٍاات نهفعاام انخكُىنااىجً فااً انعًااازة: وانخكُىنىجٍاااانعًااازة . شنن١بس لننبدسسعننٛي

 .9993دوخٛساٖ،جبِؼت بغذاد، و١ٍت إٌٙذعت، 

 ٞحشجّت جبشا ابشا١ُ٘ الاَساٌ فً يغايسحه انفكسٌت الاونى: ياببم انفهسفت . ٚ آخشْٚ .  فشأىفٛسث، ٕ٘ش ،

فشع بغذاد ببلاشخشان ِغ ِؤعغت فنشأى١ٍٓ اٌّغنبّ٘ت ٌٍطببػنت ٚ إٌشنش،  –جبشا، ِٕشٛساث داس ِىخبت اٌذ١بة 

9029 . 

 ْٛػ١غننننٝ عننننٍّبْ ٚعنننن١ٍُ طننننٗ اٌخىش٠خننننٟ، ٚصاسة : ،حشجّننننت انفااااٍ فااااً انعااااسا  انقاااادٌى. ِٛسحغنننبث، أٔطنننن

 .9089الاػلاَ،ِذ٠ش٠ت اٌثمبفت اٌؼبِت، بغذاد،

اعخخذاَ اٌّبدة 

ٚفمب ٌخظبئض 
 ٌغطخ اٌخبسجٟا

 انعًهٍاحاي

اٌخؼبًِ 

اٌشىٍٟ 
ٚاٌٛدذة 

  ٌبظش٠ت

إظٙبس 

خظبئض 

اٌّبدة اٌبٕبئ١ت 

 إٌّشئ١ت 

 اثش اٌّبدة فٟ 

 عؼت اٌفضبء 

اٌؼلالت ب١ٓ إٌّطك 

اٌبظشٞ ٚإٌّطك 
  الإٔشبئٟ ٌٍخفظ١ً 

جٛدة الأداء 

 اٌٛظ١فٟ ٌٍخفبط١ً 

إظٙبس جّب١ٌبث 

 إٌّشأ 
ظٙبس جّب١ٌبث إ

 اٌّبدة

اٌشِض٠ت فٟ 

 اٌخؼب١ش اٌشىٍٟ 

انًادة 

 ويعانجخها

 

وبٍى  انخكخىٍَت 

 انًادة

 

 انخعبٍس انشكهً

 بُاء انخفصٍم

انًُشأ 

 وعلاباحه

 

اٌؼّك 
اٌخٕظ١ّٟ 

 ٌٍّٕشأ 

أثش إٌّشب 

ػٍٝ اٌخمغ١ُ 

 اٌفضبئٟ 

اٌّم١بط اٌّخبغ فٟ 

 اٌشبظ ٚاٌخشو١ب  
لالت ب١ٓ ِٕظِٛت اٌؼ

إٌّشأ ٚاٌمششة 

 اٌخبسج١ت 

 حكُىنىجٍا انعًازة

 الأشٍاء انعًهٍت انًعسفت الإزادة

 الإزداة انجًاعٍت

 الإزادة انفسدٌت

 يىاد الاَشاء

 حقٍُاث الإَشاء 

 ة انفعانٍتزدحصًٍى وإ

يسكباث انًبُى بىصفه 

 َخاج 
 انًعسفت انًىضىعٍت

 انًعسفت انراحٍت

 هٍكم خلاصت انبٍُت انخحهٍهٍت نخكُىنىجٍا انعًازة( : 5شكم )
 اعداد انباحثت
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 الحصىالمعاد كبديل عن استخدام كسر الطابوق الطيني       
 اقتصادي في انتاج بموك نمطي

 سلاـ سمعاف عبدالاحد
 بغداد -معهد التكنولوجيا

 
العقػػود الخمسػػم المااػػيم اتاػػك اف ةنػػاؾ حاجػػم ماسػػم الػػ  تعػػاوف و يػػؽ بػػيف المهنػػدس  خػػلاؿ : الخلاصةة 

مواد ونظـ وتكنولوجيا البناء "معه لواع حموؿ محددة في  والمهندسييف والفنييف العامميفالمعماري العراقي 
ةػذا عم   كم اؿو المهندس المعماري يجب اف يكوف قائد مجموعم البناء ويترؾ دور البطؿ .  "في العراؽ
اسػػتخداـ كسػػر الطػػابوؽ الطينػػي المعػػاد كبػػديؿ عػػف الحوػػ  فػػي انتػػاج بمػػوؾ  "قمنػػا بهػػذا البحػػث  التفاعػػؿ

المقتػرح .  لا م طابوقات فنيمفي الحجـ  ويعادؿ  (25x25x12.5cm) البموؾ قياساته " .نمطي اقتوادي
يمكػف انتاجػه  و الحوػ  ـاسػتخداسػمنت وبػدوف ؿ والامػيستخدـ كسر الطابوؽ الطيني كمادة تخمط مع الر 

 و فحوػهاوتـ نموذجيم  بموكاتعمؿ وتـ  .والمهشـا الطابوؽ المكسر استخدـ البحث.  يدويا او ميكانيكيا
وقػػد اتاػػك زيػػادة  , لخرسػػانيمفػػي حجػػـ الخمطػػم امػػف كسػػر الطػػابوؽ % 56-04اسػػتخدـ البحػػث .توػػويرةا

م بنػػاء الجػػدراف الحاممػػم وحيػػر الحاممػػم لاحػػظ الباحػث اف كمفػػ كمػػا ,%04-04يمػم العػػزؿ الحػػراري بمقػػدار ق
لاسػػػعار السػػػائدة اب لطػػػابوؽ الفنػػػياعنػػػد اسػػػتخداـ البمػػػوؾ المقتػػػرح تقػػػؿ بحػػػوالي النوػػػؼ عػػػف كمفػػػم البنػػػاء ب

اد اف ةػذا البحػث المتوااػع ةػو واحػد مػف العديػد مػف البحػوث المطموبػم فػي العػراؽ عنػد اسػتخداـ مػػو .حاليػا
 . دة بناء جدي البناء المعادة في انتاج مواد

 
KEY WORDS: building materials recycling, clay bricks, modular coordination economy 

lightweight insulated blocks, sustainable environment  
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 ABSTRACT 
 

 During the last 5 decades , it is evident that there is a drastic need for close cooperation 

between the Iraqi architect and other engineers, technicians working with him , towards  

solving particular problems related to materials , system building technology in Iraq .The 

architect  need to become a leader of  the building team instead of becoming“a Hero”. 

The research develop a light weight  modular block (25x25x12.5cm), equivalent in volume to 

3 bricks (25x12.5x7.5 cm).The proposed modular block use broken or crushed bricks as  an 

aggregate instead of stone. The block can be handled easily, it can be produced mechanically 

i.e. via compressors or manually. The research cover the use of recycled “broken or  crushed” 

bricks by making samples , record photos and statistics .The samples uses 40-65% of the 

volume recycled bricks .The insulating factor increased up to 70 -80% while cost decreased 

by approximately half. The paper is one of many applied research topics needed to be tackled 

on recycling, sustainability and environment improvement in Iraq.   

 
 :المستدام  ودور المهندس المعماري العراقي  البيئ الحاج  الى البحث في نظري  

وبقايا مواد  الوناعممخمفات استخداـ  يتطمب اعادة  "”sustainable environmentتحسيف البيئم اف 
 فػػي دوؿ العػػالـ ةػػو الحػػاؿاف انقػػاض البنػػاء فػػي العػػراؽ وكمػػا  .انتػػاج مػػواد بنائيػػم جديػػدة لغػػرض الانشػػاء

الػ  المنػاطؽ  تمتػدتأخػذ مسػاحات شاسػعم  والاخرى يتـ تجميعهػا فػي منػاطؽ عشػوائيم فػي اطػراؼ المػدف 
وعنػػد النظػػر بعمػػؽ فػػي ةػػذف المسػػألم فػػي العػػراؽ  ,وتشػػكؿ خطػػرا عمػػ  البيئػػم والانسػػاف السػػكنيم والزراعيػػم

ونخػػص مػػػنهـ  ,عفػػي ةػػذا المواػػو  المهتمػػيف بالبيئػػمو المهندسػػيف  عػػدـ اكتػػراث نلاحػػظ فػػي العقػػود الاخيػػرة
ف البحػث ا,  بوػورة عامػم البيئػم تحسػيف لغػرضالمتداخمػم  بالاختواوػات ذوي العلاقم مفو  المعمارييف

        ".                                                                                  التخمػػػػػػػػػؼ الفكػػػػػػػػػري والاجتمػػػػػػػػػاعي "حالػػػػػػػػػم مػػػػػػػػػف فػػػػػػػػػي ةػػػػػػػػػذا المواػػػػػػػػػوع اػػػػػػػػػروري رحػػػػػػػػػـ انػػػػػػػػػه يعتبػػػػػػػػػر 
فػي    ”Building materials recycling”البنػاءمواداسػتخداـ فػي اعػادة م الهندسػي لقػد تقػدمت المعرفػم

اف ةػػذف البحػػوث . الانسػػاف  فاةيػػمدت الػػ  معالجػػات واقعيػػم نحػػو تحسػػيف البيئػػم ور أبػػلاد ك يػػرة فػػي العػػالـ و 
 بػت  بينمػا  ي بالدرجػم الرئيسػيماجتمػاع ةو ذلؾ اسباب اةـ و مف. والمعالجات لـ تتحرؾ في العراؽ بعد 

في ك ير مف دوؿ العالـ اف اسػتخداـ المػواد الموجػودة فػي الطبيعػم وتغييػر شػكمها ومحتواةػا لتمبيػم حاجػات 
لتشػمؿ  الانساف المتنوعػم ةػي عمميػم متكاممػم تبػدأ بػالمواد الموجػودة فػي الطبيعػم وتسػتمر بوػورة مسػتديمم

( 1جػدوؿ رقػـ(, بػيف الانسػاف والطبيعػم مف التوازف حمقم شبه محكمم  شكؿتو  المواد الاوليم والمواد المعادة
المعادف ,  بقايا الزجاج, اعادة استخداـ البلاستيؾ بأنواعه  اف التوازف البيئي المطموب وعم  سبيؿ الم اؿ.
اض مػػواد البنػػاء والانقػػةػػو اعػػادة اسػػتخداـ بأنواعػػه والم ػػاؿ فػػي بح نػػا ةػػذا  والكرتػػوف الػػورؽكػػذلؾ  أنواعهػػا ب

مػواد قابمػم اعػادة الاسػتخداـ ويمكػف اعتبارةػا  ػروة عراقيػم ال كػؿ ةػذفالمهممم ومنها كسر الطػابوؽ الطينػي 
 السػكنيم والزراعيػمفهػي تشػكؿ خطػر عمػ  البيئػم والمنػاطؽ  نيػاليا وفي حاؿ عدـ استخدامها عقلامهممم حا

                                                                                             (1211-).وعمػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػ  وػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػحم الانسػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػاف العراقػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػي بالدرجػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػم الاسػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػاس
البحث يركز عمػ  اعػادة اسػتخداـ كسػر الطػابوؽ الطينػي وامكانيػم جمعػه مػف منػاطؽ رمػي الانقػاض ومػف 
معامػػػػػػػؿ الطػػػػػػػابوؽ كػػػػػػػذلؾ مػػػػػػػف مواقػػػػػػػع البنػػػػػػػاء عمومػػػػػػػا واسػػػػػػػتخدامه فػػػػػػػي انتػػػػػػػاج بمػػػػػػػوؾ عراقػػػػػػػي نمطػػػػػػػي 

(25x25x12.5cm) مناسػػػػػػػػػػػب جػػػػػػػػػػػداسػػػػػػػػػػػعر اقتوػػػػػػػػػػػادي وب  ووػػػػػػػػػػػوتي متميػػػػػػػػػػػز ات عػػػػػػػػػػػزؿ حػػػػػػػػػػػراريذ                                          .
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تحسػػػيف المنػػػاخ  وتطبيقػػػات فػػػي مجػػػاؿ المشػػػاركم فػػػي بحػػػوث اف يػػػدخؿ فػػػي المهنػػػدس العراقػػػي يجػػػب عمػػػ 
دور اف  ثحيػػ.يهػػدد سػػكاف العػػالـ بأسػػرف ااوػػبك قمقػػ لػػذيوالمسػػاعدة فػػي التقميػػؿ مػػف تػػأ ير  قػػب الاوزوف ا

                                                 .السمبيمةذف الظاةرة  معالجمنحو  يجب اف يتغير ال  الافاؿ فيالمهندسيف والفنييف العراقي
ف و العراقيػ الفنيػوف و اف مواوع البيئم المستدامم قد تطور ك يرا في العقود الاخيرة عنػدما كػاف المهندسػوف

مطمػػوب مػػف المهنػػدس ال يكػػوفالقػػرف الواحػػد والعشػػريف  بدايػػم لعػػالـ والاف ونحػػف فػػيحيػػر متواوػػميف مػػع ا
والتواوػؿ مػع  تحديػدا خػص العػراؽت بنػاء قػوانيفاستنتاج التفاعؿ مع ةذا المواوع وعمؿ بحوث و  العراقي

فرة المهندسيف والعمماء في العالـ ومف خلاؿ الانترنت والاطلاع عم  الابحاث المتميزة والتي اوبحت متػو 
المحمػػػي و يػػػ دي ذلػػػؾ الػػػ  اعػػػادة ال قػػػم فػػػي الػػػنفس لممهنػػػدس العراقػػػي وتقػػػدير المجتمػػػع واف وبػػػدوف مقابػػػؿ 

 .الدولي له
 

                                                                  :بصورة عام  ومواد البناء بصورة خاص   Recycling“ ”اعادة استخدام الموادموجز حول 

قر الباح وف في دوؿ عديدة مف العالـ عم  وجوب تحسيف البيئم والحد مػف تجميػع ألعقود الماايم خلاؿ ا
ولغػرض الاسػتفادة مػف قسػـ مػف ةػذف . وػناعم الالمواد المعادة كأنقاض البناء والمواد ال انويم الناتجم عف 

بنػػػاء  ياعد خاوػػػم فػػػمػػػواد جديػػػدة تفيػػد الانسػػػاف بشػػػكؿ عػػػاـ وتسػػ مػػػعالمػػواد فػػػي اعػػػادة التوػػػنيع وادخالهػػا 
اف انقػاض البنػاء التػي تجمػع .متحسػيف البيئػم بوػورة عامػيػتـ ومف  ػـ التموث  يقؿبذلؾ و  الجديدة مساكفال

 ,شػاةد فػي اػواحي مدينػم بغػداد عمػ  سػبيؿ الم ػاؿتفي اماكف عشوائيم اوبحت تشكؿ مساحات شاسػعم 
 السػكنيم والزراعيػم  المنػاطؽ الػ "منػاطؽ الطمػي" اف احمب ةذف المناطؽ  حيػر مرخوػم وقػد ووػؿ حػدود

للامراض والتموث وعند التعمؽ في ةذف المشكمم في العراؽ نلاحظ  مودراعم  حد سواء واوبحت تشكؿ 
 ”اف المعرفػػم الهندسػػيم. ابتعػػاد الدولػػم وخاوػػم المهندسػػيف والمختوػػيف بالبيئػػم عػػف معالجػػم ةػػذا المواػػوع

“Know-How  الػػ  مراحػػؿ متقدمػػم عالميػػا ولكنهػػا لا زالػػتفػػي مجػػاؿ اعػػادة اسػػتخداـ المػػواد قػػد ووػػمت 
بينمػػا نلاحػػظ فػػي احمػػب  فػػي العػػراؽ  اف ةػػذف الخلاوػػم حيػػر منطقيػػم. دوف المسػػتوى المطمػػوب فػػي العػػراؽ

جػزء لا يتجػزء مػف حيػاة المجتمػع وخاوػم  ذلػؾ اوػبكو معالجم ةػذف المػواد والاسػتفادة منهػا  يتـدوؿ العالـ 
تناسػػػب اعػػػادة  بكميػػػات كبيػػػرة جػػػدا متيسػػػرةكر بعػػػض المػػػواد المػػػف الناحيػػػم الاقتوػػػاديم ونخػػػص ةنػػػا بالػػػذ

وفيمػػا  (11)والكرتػػوف الػػورؽ – سػػبائؾ المعػػادف -الزجػػاج –ومنهػػا البلاسػػتيؾ بانواعػػه  الاقتوػػادي الاسػػتخداـ
فػي انتػاج بمػوؾ نمطػي  اسػتخداـ كسػر الطػابوؽ الطينػي المعػاد كبػديؿ عػف الحوػ  " الحػالي يخػص بح نػا
الػ  مػادة مهشػمم  يمكػف تحويمػه والذي همؿاف مواوفات الطابوؽ الطيني الم البحثلقد خمص ".اقتوادي

او يػػتـ شػػطر  لكسػػارات او الطػػواحيف المسػػتوردةبأسػػتخداـ ا (1,2,3cm) قيػػاسبشػػكؿ كػػرات حيػػر منتظمػػم ب
 المعػاد مػادة الطػابوؽ الطينػي تسػتخدـ عػدة بحػوث البحث ةو الاوؿ فيويعتبرةذا ( 1)وورة رقـ  الطابوؽ
الغير حاممم في المبػاني ذات الطػابع الهيكمػي كػذلؾ كجػدراف حاممػم بػدلا البنػاء بالطػابوؽ  جدرافلافي بناء 

الفنػػي ذو الكمػػؼ العاليػػم كمػػػا يمكػػف تطػػوير البمػػوؾ المقتػػػرح مػػف مػػواد اخػػرى عديػػػدة منهػػا الرمػػؿ والقوػػػب 
 يمػم مػف مػادة الاسػمنتالعراقي والنايموف المعاد والبلاستيؾ الم روـ المعػاد وقػد يحتػاج ذلػؾ الػ  ااػافات قم
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وسػػنتطرؽ فػػي بحػػوث قادمػػم فػػي اسػػتخداـ الرمػػؿ والحوػػ    .وحسػػب الحاجػػمتزيػػد التوػػمب  ىاو مػػواد اخػػر 
والاسػػػفمت والنػػػايموف المعػػػاد كػػػذلؾ اكيػػػاس التسػػػوؽ ونػػػايموف " خشػػػب القػػػوغ "والاسػػػمنت والقوػػػب العراقػػػي و

 الفوسػفات م ػؿ في الطبيعمة في العراؽ الزراعم المغطاة بعد استخدامها ااافم ال  مواد ك يرة اخرى متوفر 
  .( 11)والكاوليف والاكاسيد المتنوعم

مجػػاؿ اعػػادة اسػػتخداـ المػػواد التفاعػػؿ فػػي ويح ػػه عمػػ  البحػػث ي كػػد عمػػ  دور المهنػػدس المعمػػاري العراقػػي 
توػػميـ المبػػاني او بأعػػداد تفاوػػيؿ فػػي سػػواء  ك يػػرة مجػػالاتحيػػث انػػه م ةػػؿ للابػػداع فػػي  بوػػورة عامػػم 

واشػػػكالها الهندسػػػيم كػػػذلؾ اقتػػػراح مػػػواد قياسػػػاتها الانشػػػائيم دراسػػػم ء كػػػذلؾ فػػػي طريقػػػم وػػػناعم المػػػواد البنػػػا
الانهػػػػػاء عنػػػػػد اسػػػػػتخدامها فػػػػػي المبػػػػػاني بوػػػػػورة عامػػػػػم وفػػػػػي ةػػػػػذا السػػػػػياؽ تطػػػػػرؽ البحػػػػػث الػػػػػ  اسػػػػػتخداـ 

وػورة  المنظػر الخػارجي او الػداخمي لمبنػاء  تحسػيفبػذلؾ يمكػف سرالسيراميؾ وقطع المرمر الممػوف حيػث ك
 . (5-6)رقـ 
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 .في بعض دول العالم كذلك في العراق حاليا ”recycling“يمثل بعض حالات اعادة استخدام المواد  (1)الجدول رقم

نسبم الاستخداـ  الحالم عالميا الحالة في العراق والتوصيات
في المنتوج 
 الجديد

 المادة المعادة

لـ تستعمؿ بعد في العراؽ حيث تحتاج ال  
. محميم مف قبؿ المهندسيف دراسات   

اف الطابوؽ الطيني عم  سبيؿ الم اؿ يمكف 
نزعه باستخداـ طرؽ عديدة منها توجيه 
نيراف بالمحارؽ الغازيم م لا عم  الجدراف 

فيسقط الطابوؽ  ـ  С604°ولغايم نحو 
ينظؼ ويعاد استخدامه وةذا ما تامنه 

استخداـ كسر الطابوؽ الطيني " :بح نا
عف الحو  في انتاج بموؾ المعاد كبديؿ 

  "نمطي اقتوادي
لقد ووؿ البحث ال  نتائج مشجعم جدا 
ويحتاج ال  التوسع في انتاج انواع مف 

والتطبيقات  ومواد البناء الاخرىالبموؾ 
عميها خاوم بعد زيادة اسعار المواد 

الانشائيم بشكؿ عاـ كما بدأ المقاوليف في 
البحث عف الطابوؽ المستخدـ ولكف 

وف في ذلؾ ال  مساعدة فنيم في يحتاج
كيفيم نزع الطابوؽ مف الانقاض وقد اطمعنا 

عم  طريقم تسخيف  (11)عبر الانترنت
 الجدراف المهدمم ال  درجم حرارة

600c فينفوؿ الطابوؽ ويمكف تنظيفه   °  
كذلؾ قاـ العديد مف واعادة استخدامه  

المقاوليف في نزع حديد التسميك عف 
ديمه واعادة استخدامه الوبات المهدمم وتع

رحـ انه يفقد بعض مف قوته عند التعديؿ 
ويجب اف ي خذ ذلؾ بنظر الاعتبار عند 
.احتساب القوى في الاستخدامات الجديدة  

يتـ فرز المواد وقد 
 كأملاءاتتستعمؿ 

لمطرؽ السريعم او 
السدود او الجسور 
و حشوات في 
بعض المباني 
.المتخووم   

“sub – base” 

64-14 لمباني المهدمم ا %  
 بكافم انواعها

المساكف القديمم-  
المدارس التي سيعاد -

.بناءةا  
المباني العامم التي -

ستهدـ لاعادة البناء او 
اقامم شوراع جديدة او 

.الخ....متنزةات  
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متداوؿ عم  نطاؽ ايؽ في وناعم 

كذلؾ ( الدوشمم)احتياجات وناعم الا اث 
  .كمفاوؿ تحمؿ لبعض ادوات السيارات

   

متداوؿ عالميا 
 وبشكؿ واسع

94-04 % 
 

المطاط بكافم انواعه 
وخاوم اطارت 

 السيارات

يعاد استخداـ الا اث الخشبيم التالفم وبقايا 
الاعماؿ النجاريم مف اجؿ وناعم حمفم 

كذلؾ استخداـ الالمنيوـ المعاد . المبردات
في وناعم بعض احتياجات السيارات عم  

.سبيؿ الم اؿ  
 

لميا متداوؿ عا
وخاوم الا اث 

 المعدني

60-94% 

وحسب  
 نوعياتها

الا اث -
 الخشبيم

الا اث -
المعدنيم 
 كالالمنيوـ

حالم واقعيم منذ  لبلاستيؾاعادة استخداـ ا
سنوات ك يرة ويستخدـ م روـ البلاستيؾ 

ت جديدة لوناعم لوحدف او مع ااافم حبيبا
الانابيب والتأسيسات الوحيم كذلؾ الا اث 

و لعب الاطفاؿ واحتياجات  الاقتواديم
.المطبخ  

يستخدـ في وناعم 
البلاستيؾ بعد اف 
ي رـ عم  شكؿ 
حبيبات ويااؼ 
ال  الحبيبات 

 الجديدة

 البلاستيؾ بكافم انواعه  54-96%
PVC-PET 
Himpic  

 الاانديؽ البلاستيكيم 
 اكياس النايموف

 نايموف الزراعم المغطاة

يستفاد مف الزجاج المعاد بك افم في  
للاااءة ويتـ " لاتلاال"وناعم قواعد 
في المواةر وبألواف جميميم تمويف الزجاج 

.كالفيروزي والازرؽ والاحمر  
اف المواد الزجاجيم المعاد وناعتها سهمم 
التداوؿ والعمؿ واف اعادة وناعتها لا يكمؼ 

 يرفع المنتوج الذوؽ العاـاموالا ك يرة كذلؾ 
يراميؾ يحسف الفنوف التشكيميم وخاوم السو 

والزجاج وةذا يطور مراكز الشباب ويسهؿ 
.عمؿ الفنانييف المتفرحيف في ةذا المجاؿ  

      
 القديـ متداوؿ  منذ
في بابؿ )في العراؽ

( عم  سبيؿ الم اؿ
. ولازاؿ  

بقايا عمؿ زجاج  04-96%
الشبابيؾ والابواب وةو 
في الغالب مستورد 
 وذات نوعيم جيدة 
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ارة في حر  يذوب معدف الالمنيوـ  

500-600C°  
يتـ في العراؽ اذابم المعدف وتحويمه ال  
بموكات تودر في الغالب ال  الدوؿ 

يحتاج المواوع ال  تدخؿ .المجاورة 
المهندسيف وموممي القوالب واختواوات 

.متعددة لمنهوض بهذا المواوع  

متداوؿ في ك ير مف 
 دوؿ العالـ

بوورة عامم  المعادف 96%
وخاوم التي يمكف 

بدرجات اقؿ  وهرةا
درجم م اؿ  1444مف 

ذلؾ الالمنيوـ وتتوفر 
بقاياف بكميات كبيرة لدى 

.وناع الشبابيؾ  

المطموب تطوير ةذا الاستخداـ في وناعم 
التحؼ والنوب التذكاريم ويحتاج ذلؾ ال  
تدخؿ المهندس المعماري والفنانيف  لغرض 

النحاس مف خلاؿ زيادة عدد  تنقيم
 وف ومراكز الشبابالمواةر في كميات الفن

. في الجامعات والمعاةد  

متداوؿ في كافم 
 دوؿ العالـ

النحاس ويشمؿ بقايا  96%
, الاعماؿ الكهربائيم

, المتروكم التحؼ
التما يؿ والنوب التالفم 

متفرقم  نحاسيم ومواد
.اخرى  

بالنظر لمحرارة العاليم المطموبم لوهر 
معدف الحديد ولتوقؼ العمؿ في معمؿ 

انحور .العراؽ ولعقود ماايمالحديد في 
.العمؿ في ةذا المجاؿ  

متداوؿ في دوؿ 
 محدودة

04-54 شواوي , الحديد  %
السيارات والمكائف 

المهممم والمعدات  

نظرا لكمفم المنتجات النفطيم العاليم يتـ 
جمع الدةوف التالفم واستخدامها في طمي 
القوالب المعدنيم واستخدامات متفرقم اخرى 

. 

عض متداوؿ في ب
 دوؿ العالـ

 الدةوف بكافم انواعها  20-30%

 
بعض المواد المذكورة في ةذا الجدوؿ تخص اعادة استخداـ مواد البناء المهممم في مواقع البناء * 

وخاوم في مشاريع البناء الكبيرة والمقوود ةنا كسر الطابوؽ الطيني الفني كذلؾ كسر المرمر بأنواعه 
 .والحجر بأنواعه 

خرى المذكورة في الجدوؿ يمكف البحث فيها بشكؿ موسع مف اجؿ انتاج مواد بنائيم متنوعم المواد الا*
 .وخاوم ما يتعمؽ بالاستفادة مف البلاستيؾ المعاد وبقايا الزجاج وبقايا الاخشاب بأنواعها 
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 :مواد ونظم وتكنولوجيا البناء في العراق ودور المهندس المعماري العراقي 
تراجػع  اف ةػذا المواػوع .ووػناعم مػواد البنػاء الاسكافتقريبا بحركم عمؽ في مجممه اف مواوع البناء مت

ك يرا خلاؿ العقود الخمسم الماايم واختوارا نسجؿ ةنا ماجػاء فػي مقالػم الػدكتور باسػـ الانوػاري حيػث 
 : (6)بالنقاط التاليم مواوع الاسكاف في العراؽيوجز تاريخ 

 ـ عػػراؽتوقػػؼ العمػػؿ فػػي تنفيػػذ مخطػػط اسػػكاف عػػا” “GHPI  والػػذي حػػدد عػػدد الوحػػدات السػػكنيم
اف ةػذف الدراسػم ذات المسػتوى العػالمي قػد تمػت .(9) 1444الؼ وحدة لغايم عػاـ  1104المطموبم 

تحػػت اشػػراؼ الامػػـ المتحػػدة وشػػارؾ فيهػػا مجموعػػم مػػف الجامعػػات البولونيػػم والعراقيػػم وامتػػد العمػػؿ 
 .عتماد عميها لحيف قياـ دراسات جديدة بها لست سنوات وتعتبرمتقدمم مهنيا ويمكف الا

  توقؼ رود التخويوات الماليم في المناةج الاست ماريم لممشاريع السكنيم. 

 سسم العامم للاسكاف وتشػكيلاتها مالغاء التنظيمات الاداريم المتخووم  بقطاع الاسكاف م ؿ ال 
  1900في عاـ 

 ال  القطاع الخاصامؿ ال رمستوف بيع معامؿ البناء الجاةز ومعامؿ الطابوؽ الحدي م ومع. 

  بيػع الوحػدات السػكنيم العائػدة لمدولػم عػف طريػؽ المزايػدات العمنيػم ممػا ااػعؼ قػدرة فئػم محػدودي
 .الدخؿ لمحووؿ عم  مسكف 

  تسرب ملاكات القطاع العاـ التي تخووت في مجالات الاسكاف وال  مهف اخرى لا علاقم لهػا
ف الػػ  العقػػد ال ػػاني مػػف القػػرف الواحػػد والعشػػريف ةػػو اعػػادة والمطمػػوب الاف ونحػػف متجهػػي,بالاسػػكاف

و النشاط ال  قطاع الاسكاف وخاوم مف خلاؿ تنشيط القطػاع الخػاص والبنػوؾ العقاريػم المحميػم 
 .اودار القوانيف التي تهتـ بذلؾ

جديػػدا اتجاةػػا  يفاػػؿ اف تأخػػذبهػػا فػػي العقػػد الاوؿ مػػف القػػرف الواحػػد والعشػػريف  المطمػػوب القيػػاـالبحػػوث   
الػػ  مسػػتوى لا تحسػػد عميػػه بعػػد اف بيعػػت " مػػواد ونظػػـ وتكنولوجيػػا البنػػاء فػػي العػػراؽ "حيػػث ووػػمت حالػػم 

اف اةػـ الخطػوات التػي ادت الػ  تراجػع اداء مػواد .  (6)معامؿ والغيت العديد مف الدوائر التي تهتـ بالبناءال
ت مػػػف القػػػرف العشػػػريف واةػػػـ تمػػػؾ البنػػػاء ةػػػو بيػػػع المعامػػػؿ الػػػ  مػػػا يسػػػم  بالقطػػػاع الخػػػاص فػػػي التسػػػعينيا

واد وطػػرؽ وموػػانع ال رمسػػتوف ممػػا ادى الػػ  تراجػػع مواوػػفات المػػ لفنػػيالمعامػػؿ ةػػي موػػانع الطػػابوؽ ا
كوقود ويكوف  والتبف الاعتماد الاعظـ عم  المعامؿ الاةميم التي تعتمد النفط الاسود اوبكوبذلؾ .انتاجها

 يفالمهندسػ تػدخؿ يسػتوجبو وؿ العػودة الػ  الاوليػات البحث يدور ح .انتاجها حيرنظامي ومنخفض الجودة
دخػػػوؿ  فػػػي معالجػػػم الواقػػػع الجديػػػد وخاوػػػم واػػػع المواوػػػفات والتفاوػػػيؿ وعػػػدـ الاعتمػػػاد عمػػػ  لعػػػراقيفا

يجػب اف يراقػب اعمػاؿ كػذلؾ , سػيكوف لػه طػابع سػحريواعتبػار اف ذلػؾ  لمبنػاء مستقبلا جنبيمالشركات الا
المواوػفات القياسػيم العراقيػم    العػودة الػ  تنشػيطمػع التػي تقػوـ بهػا  والنشػاطاتةذف الشركات عند دخولها 

“ISO-IRAQ”  واوػػػػػػػػػػػدارةا بشػػػػػػػػػػػكؿ قػػػػػػػػػػػوانيف ممزمػػػػػػػػػػػم .الػػػػػػػػػػػ  المسػػػػػػػػػػػتوى العػػػػػػػػػػػالمي  رفعهػػػػػػػػػػػاو.                                                           
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القػػػرف العشػػػريف وبأعػػػداد محػػػدودة اعطػػػ   اف  بػػػات التفاوػػػيؿ المعماريػػػم البنائيػػػم فػػػي النوػػػؼ ال ػػػاني مػػػف
 الفنيبالطابوؽ  فقطلعراؽ يتـ اانطباعا خاطئا ال  المهندسيف والفنييف حيث توور البعض  اف البناء في 

  وةػػذا ةػو الواقػػع مػف الناحيػػم العمميػػم وظػؿ ةػػذا الواقػع وامتػػد الػػ فػي الغالػػب الموػنوع مػػف الطػيف الزراعػػي
ةػػػو بنػػػاء متميػػػز مػػػف حيػػػث التنفيػػػذ ومػػػف حيػػػث العػػػزؿ  36cmبسػػػمؾ  اف جػػػدار. القػػػرف الواحػػػد والعشػػػريف 

                   .المبػػاني التػػي تقػػاـ منػػهوبالنتيجػػم   الحػػراري ولكػػف ذلػػؾ يػػتـ عمػػ  حسػػاب الكمفػػم العاليػػم لمطػػابوؽ
لػـ يعػد فػي امكانػات ذوي  1449سػمنت فػي سػنم الااف كمفم البنػاء بالطػابوؽ الطينػي عنػد اسػتعماؿ مونػم  

المحدود والمتوسط ةذا مف ناحيم ومف ناحيم اخرى عدـ تػوفر انتػاج الطػابوؽ الطينػي فػي المنػاطؽ الدخؿ 
الشػماليم واف اسػتخدامه فػي تمػؾ المنػػاطؽ اي نقمػه مػف الجنػوب ةػو عمميػػم حيػر منطقيػم وتزيػد كمفػم البنػػاء 

تتوػدى " فػي العػراؽمػواد ونظػـ وتكنولوجيػا البنػاء  "الاخيرة فػي  اف بحو نا في الفترة   %.04-64بمعدؿ 
البػػدائؿ وحسػب المنػػاطؽ والمػواد الاوليػػم  البحػػث فػيلم ػؿ ةػذف المشػػاكؿ ومػف اجػػؿ تنويػع المػػواد الانشػائيم و 

فػػي انتػػاج بمػػوؾ  اسػػتخداـ كسػػر الطػػابوؽ الطينػػي المعػػاد كبػػديؿ عػػف الحوػػ  "المتػػوفرة والبحػػث الحػػالي  
مجػػاؿ البنػػاء  الػػ  بحػػوث عديػػدة فػػي وسػػتظؿ الحاجػػم ممحػػم ةػػو احػػدى ةػػذف المحػػاولات " "نمطػػي اقتوػػادي

ولكافػػم منػػاطؽ  بأنواعهػػا والسػػقوؼ الحاممػػم وحيػػر الحاممػػم الجػػاةز القميػػؿ الػػوزف لموحػػدات البنائيػػم لمجػػدراف
اف الشخص الاك ر قدرة عم  استيعاب ةذف المشكمم وتحسيف الموجود وايجاد البدائؿ ةو المهندس  .العراؽ

ومػػػػف ناحيػػػػم اخػػػػرى يجػػػػب عمػػػػ   ,ر ريػػػػادي فػػػػي ةػػػػذا المجػػػػاؿ عمػػػػاري العراقػػػػي ويجػػػػب اف يكػػػػوف لػػػػه دو مال
حد الو تقبؿ المقترحات والبحوث والتغيير ومف اجؿ تطوير البناء في العراؽ  المجتمعومف  ـ  المتخوويف

ورد اسػػتيراد المػػواد الانشػػائيم وةػػذا مػػا نلاحظػػه فػػي العقػػد الاوؿ مػػف القػػرف الواحػػد والعشػػريف حيػػث يسػػت مػػف
 بمػوؾ تبمػيط الشػوارع مػف الػدوؿ المجػاورة والتػي يمكػف انتاجػه محميػام ػؿ  يػرة اخػرى الطػابوؽ ومػواد بنػاء ك 
اف الاشكاؿ والتفاويؿ المعماريم يجػب .ومف خلالها ذلؾ يمكف معالجم البطالم اياا بيسر وبكمؼ مناسبم

 ويعتمػػداف تعتمػػد عمػػ  القياسػػات النمطيػػم وةػػو عمػػـ قػػد تطػػور بدايػػم النوػػؼ ال ػػاني مػػف القػػرف العشػػريف 
بالنظػػػاـ الفرنسػػػي والتػػػي تسػػػاوي تقريبػػػا اربػػػع انجػػػات بالنظػػػاـ   (10cm)بالاسػػػاس عمػػػ  الوحػػػدة القياسػػػيم 

 .الانكميزي
تخػػص القياسػػات النمطيػػم توػػدر عمػػ  شػػكؿ عممػػي  ISO-IRAQاف العػػراؽ يحتػػاج اليػػوـ الػػ  قػػوانيف بنػػاء 

  .كذلؾ تتعرض ال  الاوزاف وقوى التحمؿ وحير ذلؾ 
فػػػي العػػػراؽ حيػػػث اف القوالػػػب الاجنبيػػػم التػػػي  بوؽبدايػػػم وػػػناعم الطػػػا اءت مػػػع اف ةػػػذف المفارقػػػات قػػػد جػػػ

والمسػػػػػػػػػػػاويم الػػػػػػػػػػػ   (10in,5in,3in)اسػػػػػػػػػػػتخدمت ولازالػػػػػػػػػػػت تسػػػػػػػػػػػتخدـ تعتمػػػػػػػػػػػد ماػػػػػػػػػػػاعفات الانجػػػػػػػػػػػات 
(25x12.5x7.5cm) يػم لمطػابوؽ الطينػي والتػي قػد تكػوفولحػيف  بػات القياسػات العراق(20x15x10cm) 
 . (30x20x15cm)والحجـ الاخر قد يكوف 

كػذلؾ يجػب اف تشػمؿ قياسػات  ,اف ةذف الملاحظات تنطبؽ عم  تطوير كافم مػواد البنػاء القديمػم والحدي ػم
الفاػػػػػػػػػػػػػػػػػػػاءات فػػػػػػػػػػػػػػػػػػػػي التوػػػػػػػػػػػػػػػػػػػػاميـ الحدي ػػػػػػػػػػػػػػػػػػػػم وم ػػػػػػػػػػػػػػػػػػػاؿ ذلػػػػػػػػػػػػػػػػػػػػؾ يكػػػػػػػػػػػػػػػػػػػػوف التسمسػػػػػػػػػػػػػػػػػػػػؿ النمطػػػػػػػػػػػػػػػػػػػػي 
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1,3,6,9,12,18,24,60,94,114,104,104,144,154M……etc.  حيػػػػػثM=10cm   . اف ةػػػػػذا
 .بحوث في ةذا المجاؿ فيما يخص تطبيقاته في العراؽ المواوع واسع وسنقوـ ببعض ال

 :لمبموك النمطي المقترح"الاشكال المعماري  وبعض الاستخدامات البنائي  الممكن  
اف البمػػوؾ المقتػػػرح قػػػد تػػػـ توػػػميمه ليعطػػػي امكانيػػػات معماريػػػم واسػػػعم حيػػػث يمكػػػف الػػػتحكـ باوجػػػه البمػػػوؾ 

امكانيػػم الوػػب   -1تكػػوف واجهاتػػه وػػقيمم  -1 ؿ الم ػػاؿوعمػػ  سػػبيالمقتػػرح بمػػا يػػراف المهنػػدس المعمػػاري 
وحسػب بأنواعػه والحجر االمرمر  بقايا السيراميؾ او بأستخداـمواد جماليم ب فاكساء -1والمعالجم فيما بعد 

 االسػيطرة عميهػ   عند وػناعم البمػوؾ يمكػف الجماليم م ؿ ةذف المواد ااافم اف .  طموبمالبناء الم تواميـ
وقد تـ تجربم ذلؾ فػي البحػث  حراض محددة معماريااو  اوم عندما يتـ العمؿ بشكؿ يدويخ مدقيق بوورة
 اف ةػػذا البحػػث سيسػػاةـ فػػي معالجػػم البطالػػم وخاوػػم فػػي المنػػاطؽ الريفيػػم واطػػراؼ المػػدف .(5)ورة رقػػـوػػ

لحػاؿ عندما يتـ العمؿ بشكؿ يدوي ك يؼ او عند استخداـ الطرؽ الميكانيكيم كمػا ةػو اويكوف ذلؾ ممكننا 
 .(1)الاف في معامؿ البموؾ الكونكريتي التي تستخدـ المكابس 

  :الداخميم وفيما يخص المعالجات المعماريمو بيف مزايا البموؾ المقترح الخارجيم  اف مف

 25 ذلػؾ بسػمؾ يػتـ, او حيػر حاممػم كجػدراف حاممػم المقترح عند استخداـ البموؾcm 
التراب النظيػػؼ  بػػتمػػأ وقػػد كمػػا ةػػيمػػوؾ فػػيمكف تركهػػا امػػا الفجػػوات الموجػػودة فػػي الب .(4)وػػورة رقػػـ

 (1).ووتي ممتازو لمحووؿ عم  عازؿ حراري 

  12.5 سػػمؾعنػػد اسػػتخداـ البمػػوؾ كقواطػػع بامػػاcm ,الحوػػوؿ عمػػ   بػػذلؾ يمكػػف 

 .ا ناء الانتاج المواد الجماليم عند واع بعضخاوم ك يرة  تشكيلاتنقوش و  اوزخارؼ دائريم 

 15والتػػي ةػػي بقطػػر  فػػي القوالػػب يمكػػف تغييػػر الفتحػػم الدائريػػمcm  مربعػػمالػػ  فتحػػم  
cm16×16 ك يػػرة وةػػي  اخػرى وتوػػاميـتسػػتخدـ ةػذف الزخرفػػم لوحػدةا او بالتػػداخؿ مػػع زخػارؼ قػد  و

 .الاحتمالات

  وبزخػػارؼ  ( 2)رقػػـ وػػورةبموكػػم مػػع البمػػوؾ المتكامػػؿ الفتحػػم ½ يمكػػف الجمػػع بػػيف
 بتوػػػرؼ المهنػػػدس المعمػػػاريتػػػرؾ بػػػاقي الاحتمػػػالات  وبمػػػوؾ ½ عمػػػؿ  تجربػػػمفػػػي ال وقػػػد تػػػـعديػػػدة 

 . ومهندس الانتاج

   تػـ فقػط  البحث لـ يتعمؽ في فحوص القوى وقػد, تسميكاف ةذا البموؾ لا يحتاج ال
 compressive)وكانػػػػػػػػػت النتيجػػػػػػػػػم مشػػػػػػػػػجعم  12.5x25x25cmنمػػػػػػػػػوذجي بمػػػػػػػػػوؾ فحػػػػػػػػػص 

strength62Mpa)  المواوفميوـ وحسب  10لمبموؾ المعرض لمهواء لمدة  ASTM  C-39 

  37.5وفػػي حػػاؿ كػػوف سػػمؾ الجػػدارcm  فتكػػوف احتمػػالات العػػزؿ الحػػراري والوػػوتي
 .تنتج عف تداخؿ البموكات المختمفمافاؿ بك ير كما يمكف توميـ زخارؼ واشكاؿ معماريم ك يرة 

  يمكػػػػف انتػػػػاج بموكػػػػات نمطيػػػػم اخػػػػرى م ػػػػاؿ ذلػػػػؾ ااػػػػافم الػػػػ  البمػػػػوؾ المػػػػذكور انفػػػػا
(50x50x12.5 cm)-(60x60x30cm)-(90x60x30cm) –(120x90x30cm). تكػػػوف ةػػػذف و
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حيػػث يػػتـ نقمهػػا ورفعهػػا الػػ  مواقعهػػا بسػػيارة الحمػػؿ  50kg-200البموكػػات مجوفػػم وبػػأوزاف تتػػراوح بػػيف 
    . ذات الرافعات

  اف التطور الاخر المهـ اياا فػي مجػاؿ اسػتخداـ البمػوؾ النمطػي المقتػرح ةػو اعػداد
مػػػع المػػػواد البنائيػػػم ( 1)وػػػورة رقػػػـ ماميـ وبحػػػوث حػػػوؿ دمػػػج البمػػػوؾ النمطػػػي المقتػػػرحسػػػات وتوػػػادر 

المتداولم حاليا كالطابوؽ الطينػي الفنػي والبمػوؾ الكػونكريتي الاعتيػادي كػذلؾ بمػوؾ ال رمسػتوف بعػد اف 
 .يعود ال  سوؽ مواد البناء في العراؽ
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 :البموك المقترحطريق  انتاج 

البمػػوؾ الكػػونكريتي الاعتيػػادي التػػي تػػتـ  بأسػػتخداـ الماكنػػم  مما مػػم لعمػػؿلبمػػوؾ المقتػػرح طريقػػم انتػػاج ا اف
الواحد بواسطم كبس الخمػيط والػذي قػد  بموؾ في الوقت 15الاوتوماتيكيم المخووم لذلؾ حيث يتـ انتاج 

ؿ والحوػ  خمم فػي العمػؿ ةػي الاسػمنت والرمػاالمواد الد. الانتاج عمميم مف مناسبقبؿ وقت  تـ ترطيبه 
 ( .1:1:11)الخمط  نسبم كوفتاما الانواع ذات المواوفات الغير جيدة ف( 1:1:5)

خمػػػط الاسػػػمنت والرمػػػؿ وكسػػػر  يػػػتـ, والتػػػي تػػػـ تجربتهػػػا فػػػي البحػػػث   البمػػػوؾ المقتػػػرح انتػػػاج حالػػػمفػػػي  امػػػا
ماتيكيػم بالكسػارات الاوتو المهشػـ  -1بالفػأس  او  7.5cmالمشػطور عموديػا بأرتفػاع  -1الطابوؽ الطيني 

وةػػػذا يناسػػػب كافػػػم احتمػػػالات البنػػػاء لمػػػدور   (1,2,3cm)قياسػػػاتاو النوػػػؼ اوتوماتيكيػػػم او اليدويػػػم وب
 . ”self-help“ التعاوف الذاتيالمنفردة او المجاميع السكنيم التي تقوـ عم  مبدأ 

 
 :العراؽ ةي التالينتاج البموؾ النمطي كمادة بنائيم في ااف الاسباب التي دعتنا ال  القياـ بهذا البحث 

 06بمعػدؿ  قػؿ مػف البمػوؾ الكػونكريتي الاعتيػاديا قيػد البحػث اف تكاليؼ انتاج البمػوؾ النمطػي %
 . وةذا ناتج عف اف كمفم الطابوؽ المعاد ةي قميمم جدا مقارنم بكمفم الحو  الجديد  تقريبا

  طػػػابوؽ الفنػػػي الحػػػراري لمػػػادة ال العػػػزؿ اف  (1)بحػػػوث اسػػػاتذة اختواوػػػييف عػػػراقييفاتاػػػك مػػػف 
 وحيػث اف نسػبم الكسػر ةػي اك ػر مػف نوػؼ حجػـ المػواد المقتػرحك يرا عم  مػادة البمػوؾ  متفوؽ

   .متميزاالعزؿ الحراري  ارفالمتوقع يكوف مقد المستخدمم

 مػف  لقد اتاك مف التجربم التي قمنا بها اف كسر الطػابوؽ اك ػر التوػاقا بخمػيط الاسػمنت والرمػؿ
 يقؿ بشكؿ ممحػوظ عنػد  اما امتواص كسر الطابوؽ لمماء.اليدوي عند الفحص التواؽ الحو 

ا نػػاء العمػػؿ ولمػػرة واحػػدة وبػػذلؾ تقػػؿ قابميػػم سػػاعم مػػع تبػػديؿ المػػاء  10المهشػػـ لمػػدة نقػػع الكسػػر 
 . بشكؿ ممحوظ امتواص الماء وكذلؾ تقؿ المموحم

 لخارجيػػػم وةػػػذا اف المسػػػكف او اي مبنػػػ  اخػػػر يحتػػػاج الػػػ  لمسػػػات فنيػػػم فػػػي الواجهػػػات الداخميػػػم وا
كػوف بعػػدة تجميميػم وتمػػواد  يمكػف ااػافمحيػث  (5)متػوفر فػي البمػوؾ النمطػػي المقتػرح وػورة رقػػـ

 .المهندسيف المعمارييف  قبؿ مف تواميـ ومقترحاتذلؾ ال  حتاج ياحتمالات و 

  الخارج  مف الداخؿ او مفالبموؾ المقترح ةو منتوج وقيؿ ولا يحتاج ال  انهاء. 

  ك يػػرة اتاف ةنػػاؾ امكانيػػ لكافػػم الاختواوػػات سػػيلاحظ المهندسػػيف والفنيػػيفعنػػد مراجعػػم البحػػث 
 .مف الجميعالعمميم  لتطوير مواد البناء في العراؽ والمطموب اخذ المبادرة جدا

 التػػػػداخؿ بػػػػيف ةػػػػذيف الاختواوػػػػيف والمػػػػذاف  ويعػػػػالجمػػػػدني /اف البحػػػػث ةػػػػو ذات طػػػػابع معمػػػػاري
 .يؿ البنائيماعداد التفاو في وكذلؾ م انتاجهاوطريقيجتمعاف في توميـ قوالب مواد البناء 

   اما فيما يخص قوة تحمؿ البموؾ المقترح والذي سيستخدـ في بناء الجدراف الحاممم وحير الحاممم
وبمغػػػػػت قػػػػوة تحممهػػػػػا   12x25x25cm تػػػػػـ تجربػػػػم فحػػػػص بمػػػػػوؾ واحػػػػد قيػػػػاس  وقػػػػد,والقواطػػػػع 
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(compressive strength55Mpa ) ؽ وفحوص عند تغيير نسب ويحتاج المواوع ال  تعم
 المواد المستخدمم وطريقم الانتاج

 :العزل الحراري لمبموك المقترح ومقارنته مع الطابوق الطيني والبموك الكونكريتي الاعتيادي

وزيػادة ذلػؾ مػف خػلاؿ اسػتخداـ  والوػوتي العػزؿ الحػراري-1يركز البحث عم  محوريف مهميف فقػط وةمػا 
كمفػػػم انتػػاج القطعػػػم الواحػػدة مػػف البمػػػوؾ المقتػػرح ومػػػف خػػلاؿ الاسػػػتفادة  تقميػػؿ -1كسػػر الطػػابوؽ المتميػػػز 

وفيمػا . مواقػع البنػاء ومواقػع الطمػيالقووى مف كسػر الطػابوؽ الػذي يػتـ الحوػوؿ عميػه بػدوف مقابػؿ مػف 
اػػمف المنطقػػم المداريػػم الحػػارة والتػػي يغمػػب عميهػػا المنػػاخ الوػػحراوي  العػػراؽ يقػػع ,يخػػص العػػزؿ الحػػراري

 ةيهػػا فوػػؿ الوػػيؼ لاك ػػر مػػف سػػتم اشػػهر وتسػػطع خلالػػه الشػػمس لاك ػػر مػػف اربعػػم عشػػر حيػػث يسػػتمر ف
وعميػػه فػػأف .(0)سػػاعم يوميػػا وبػػذلؾ تتعػػرض السػػطوح الخارجيػػم لمجػػدراف والسػػقوؼ الػػ  موجػػات حراريػػم كبيػػرة

 نوعيم واختيار المواد الانشائيم لمجدراف والسقوؼ مف قبؿ المهندس المعماري يعتبر امر محوري في تحديد
لاحػػػراض  العػػػزؿ الحػػػراري ويػػػ  ر ذلػػػؾ خاوػػػم فػػػي تقميػػػؿ الحمػػػؿ الكهربػػػائي المطمػػػوب فػػػي فوػػػؿ الوػػػيؼ

 .(1)التبريد
اف اعمػػ  عػػزؿ حػػراري يتػػوفر عنػػد اسػػتعماؿ الطػػابوؽ الطينػػي ويميػػه فػػي ذلػػؾ ( 1)نلاحػػظ فػػي الجػػدوؿ رقػػـ 

الحػػراري لمبمػػوؾ المقتػػرح لاحػػظ اف العػػزؿ نكمػػا . وؾ المقتػػرح ومػػف بعػػدف البمػػوؾ الكػػونكريتي الاعتيػػادي مػػالب
وعنػػػد امػػػلاء التجويػػػؼ الػػػدائري بػػػالتراب  ,(الجمهػػػوري)الفنػػػيالعػػػزؿ الحػػػراري لمطػػػابوؽ الطينػػػي  يػػػوازي تقريبػػػا

بالتعػػػاوف مػػػع مهندسػػػيف اختوػػػاص سػػػيقوـ لباحػػػث ا.والوػػػوتي الحػػػراري العػػػزؿ يػػػزدادالنظيػػػؼ ا نػػػاء البنػػػاء 
 ."ونظـ وتكنولوجيا البناء في العراؽمواد "بتقوي ةذا المواوع وكؿ ذلؾ يقع امف مجاؿ تطوير 

يرفػػع العػػزؿ ( بموكػػم ونوػػؼ) 37.5cmسػػمؾ الجػػدار لمبمػػوؾ المقتػػرح لمجػػدراف الخارجيػػم وجعمهػػا  زيػػادةاف 
كما اف لتوجيه  ,عماريمذلؾ يعتمد عم  التفاويؿ المعماريم التي يعدةا المهندس الوالووتي واف  الحراري

مهػػـ فػي تقميػؿ  تسػػرب الحػرارة الػ  الػػداخؿ كػذلؾ وجػود الاشػػجار  يكػوف لػه دور مناخيػػا المسػكف او المبنػ 
حسػػػػػػابات المهندسػػػػػػيف مػػػػػػرتبط ب يكػػػػػػوف ذلػػػػػػؾو  المناسػػػػػػبم حػػػػػػوؿ المبنػػػػػػ  مػػػػػػف حيػػػػػػث الانػػػػػػواع والارتفاعػػػػػػات

فػػػػػي تحسػػػػػيف البيئػػػػػم  ييفمهندسػػػػػيف  الاختواوػػػػػالبالتعػػػػػاوف مػػػػػع و  الاختواوػػػػػيف فػػػػػي الكهربػػػػػاء والتبريػػػػػد
 .(1,1)والتبريد

حاولم مستمرة في التجديد في عمميم التوميـ والاستفادة مف التجربم والخطأ وااافم م ويبق  الهدؼ دائما
التجارب الك يرة في مجاؿ التوميـ وم اؿ ذلؾ الاستفادة مف حركم الهواء الافقيم والعموديم التي كاف لها 

اعي المهندس دور فعاؿ في تحسيف البيئم الداخميم والخارجيم لمبيت البغدادي وكؿ ذلؾ يدركه بشكؿ ابد
يجب عم  , ااافم ال  عامؿ المواد الاوليم الداخمم في وناعم البموؾ المقترح , المعماري المتمرس

وبشكؿ عممي حركم الشمس خلاؿ ساعات اليوـ وخلاؿ الفووؿ  ـفي اعتباراته وا اف ياع المهندسيف 
را يم فيما يخص التهويم دروسا مف البيوت الت وابالنسبم ال  تعرض الجدراف والسقوؼ كذلؾ اف يأخذ

حيث يجب اف لايكوف ةناؾ فااءات حير معرام ال  الخارج واف لايزيد عمؽ اي , عموديا وافقيا 
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متر عم  سبيؿ الم اؿ وةذا ما كاف الحاؿ عميه في البيوت الترا يم البغداديم حيث كانت  5فااء عف 
ربي المتداوؿ منذ النوؼ ال اني مف القرف اما في النموذج الغ. كافم الغرؼ مواجهم ال  الفااء الداخمي 

المهندس المعماري في اف  قدراتمف  الاستفادةويتـ , العشريف فأف الفااءات تكوف مواجهم ال  الخارج 
اف ةذا البحث لـ يتوسع في ةذا المجاؿ وةناؾ . يجعؿ المسكف او الشقم ذات واجهات متكسرة عديدة 

 حيوي جدا و اف مواوع المناخ البحث يعتبر .  (14)عميها مناسبم يمكف الاطلاع اطروحاتو  بحوث 
التي الانتقاليم  في ةذف المرحمم "مواد ونظـ وتكنولوجيا البناء في العراؽ"مجاؿ  ذات اةميم كبيرة في

  .جديدة تطبيقات ةندسيمتتطمب 
 مقارنم بعض مواوفات العزؿ الحراري لممواد ال لاث الداخمم في البحث   ( : 1)جدوؿ رقـ

  1449-ظهرا  11القراءات سجمت كمعدؿ ولعدة مرات وتمت في شهر تموز الساعم  

  (1,1).متخووماخذت بعض القراءات مف بحوث 
 

المادة الانشائيم ومواوفاتها 
 القياسيم

 
 

  مقطع الجدار

المعامؿ 
الكمي لانتقاؿ 
الحرراة 
w/m3.k 

متوسط درجم 
حرارة السطك 

  يالداخم
C° 

متوسط درجم 
ك حرارة السط
الخارجي 
 C°لمجدار 

الطابوؽ الطيني                
   25x12.5.x7.5cmالابعاد 

  2343cm3: الحجـ 

 2450gr:الوزف 

 

 
 
 
 
25cm 

2.013 38.80 C° 53.10 C° 

 البموؾ الكونكريتي الاعتيادي 
 40x20x16cmالابعاد 
 12800cm3: الحجـ 

 16100gr: الوزف 

 
 

 
20cm 

3.48 40.7 C° 56.20C° 

 موؾ المقترح في البحث الب
 25x25x12.5cm: الابعاد 

 7812cm3:الحجـ

 gr 6350:الوزف
 

 
 

 
25cm 

2.150 37.70C° 51.05C° 
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بةين البمةوك المقتةرح مةع الطةابوق الطينةي  "فقط الهيكل" مقارن  كمف  المواد والعمل لممتر المكعب الواحد
 :والبموك الكونكريتي الاعتيادي
العػػزؿ الحػػراري وزيػػادة ذلػػؾ مػػف خػػلاؿ اسػػتخداـ كسػػػر -1همػػيف فقػػط وةمػػا يركػػز البحػػث عمػػ  محػػوريف م

تقميػؿ كمفػم انتػاج القطعػم الواحػدة مػف البمػوؾ المقتػرح ومػف خػلاؿ  -1الطابوؽ المتميز فػي العػزؿ الحػراري 
 .الاستفادة القووى مف كسر الطابوؽ الذي يتـ الحووؿ عميه مف مناطؽ الانقاض والموادر الاخرى

عنػػد اسػػتخداـ البمػػوؾ المقتػػرح وقػػد تػػـ "لهيكػػؿ فقػػط ا "يمخػػص دراسػػم عامػػم عػػف كمفػػم البنػػاء( 1)جػػدوؿ رقػػـ 
احتساب الاسعار عم  طريقػم الحجػوـ والتػي يعتبرةػا الباحػث اك ػر فعاليػم مػف احتسػاب كمفػم المتػر المربػع 

او  25cmحيػػػث اف البحػػػث عػػػاـ وتعتمػػػد الحسػػػابات عمػػػ  سػػػمؾ الجػػػدراف الخارجيػػػم فقػػػد تكػػػوف . لمجػػػدراف 
36cm  20  لمطابوؽ الطيني وتكوفcm 40أوcm  25لمبموؾ الكػونكريتي وcm 37.5أوcm 50 اوcm 

لمبمػػوؾ المقتػػرح ويعتمػػد ذلػػؾ عمػػ  اختيػػارات المهنػػدس المعمػػاري فػػي اعػػداد التفاوػػيؿ البنائيػػم والتػػي تعتبػػر 
يػػد كمفػػم البنػػاء ذات اةميػػم قوػػوى فػػي ايجػػاد موازنػػم بػػيف تحسػػيف البيئػػم الداخميػػم والخارجيػػم وكػػذلؾ فػػي تحد

اف البحث ي كد ومف خلاؿ التجربم التي قمنا بها اف كمفم انتاج البموؾ المقترح ةي اقؿ مف .بوورة عامم 
كمػػؼ مػػادة الطػػابوؽ الطينػػي و كػػذلؾ اقػػؿ مػػف  البمػػوؾ الكػػونكريتي الاعتيػػادي وذلػػؾ بسػػبب اسػػتخداـ كسػػر 

ع البنػاء وبسػعر قػالطػابوؽ او مػف مواالطابوؽ الذي ي خذ مف مناطؽ تجمع الانقاض ومف معامؿ وناعم 
 . جدا  زةيد

سػتنتج اف سػعر البمػوؾ المقتػرح ةػو اقتوػادي فػي الطػريقتيف ناف البحث ومف خلاؿ التجربم التي قمنا بهػا 
 : يتمخص ذلؾ كالتاليو اليدويم والاوتوماتيكيم المقترحتيف 

 وؾ النمطػػػي مػػػانتػػػاج الب عنػػػديػػػتـ خمػػػط المػػػواد السػػػمنت والرمػػػؿ وكسػػػر الطػػػابوؽ  , مالطريقػػػم اليدويػػػ
تعتمػد تعػاوف التػي بناء دار واحدة او عدد محدود مف الدور م اؿ ذلػؾ عشػرة دور سػكنيم و  لغرض

ويكوف احمب العامميف مف اوحاب الدور انفسهـ ويػتـ وػب البمػوؾ فػي  ”self-help“ الجماعم 
عمػ  الارض  يتـ ترتيبها (25x12.5x7.5cm) "مطوالم"مف الطابوؽ الفني معدة قوالب بسيطم 

 . 90cm او عم  مواطب حديديم بأرتفاع 
  0بمػػػػوؾ فػػػػي يػػػػوـ عمػػػػؿ يسػػػػتمر  144-64يقػػػػدر الباحػػػػث اف الفػػػػرد الواحػػػػد يسػػػػتطيع انتػػػػاج نحػػػػو 

بمػػوؾ  644وعنػػدما يكػػوف عػػدد العػػامميف خمسػػم عمػػ  سػػبيؿ الم ػػاؿ فػػأنهـ ينتجػػوف نحػػو . سػػاعات
 .يوميا

 وكرات الطػابوؽ التػي بقطػر فيها الاسمنت والرمؿ  ـالطريقم الميكانيكيم يستخد(1,2,3cm)  والتػي
ويػػػػتـ  الانتػػػػاج الميكػػػػانيكي بطريقػػػػم مشػػػػابهم لانتػػػػاج البمػػػػوؾ الكػػػػونكريتي  بالكسػػػػاراتمسػػػػبقا  دتعػػػػ

الاعتيادي حيػث يرطػب الخمػيط قبػؿ نحػو سػاعم ويواػع فػي بودقػم الانتػاج المرتفعػم عػف الارض 
 واج بهذف الطريقم يكوف ذات كميات كبيرة اف الانت.موتوماتيكيالافي القوالب  الخميط وبعدةا يدخؿ
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 .ؿ مدربيف لهذا الغرضايحتاج ال  عم

  جػب اف يخاػع الػ  دراسػات ميدانيػم ياف كؿ ما يخص عناوػر الكمفػم وتحديػدةا لمبمػوؾ المقتػرح
تسجيؿ اسعار المواد الاوليم وكمفم العمؿ وبياف اف كاف الانتاج في موقع البناء او في مواقع يتـ و 

ؾ تحديػػد اف كػػاف الانتػػاج سػػيتـ مػػف قبػػؿ اوػػحاب الػػدار المزمػػع انشػػاءف او مػػف خػػلاؿ كػػذل. اخػػرى 
 . معامؿ بسيطم او متطورة في مواقع اخرى

دخؿ يػم يجػب اف يم مواد انشائيم اخرى ال  السػوؽ العراقيػأكمؼ عند ادخاؿ البموؾ المقترح و ال احتساباف 
او مجموعم دور ومف  ػـ تعػدؿ النتػائج ولحػيف لبناء دار نموذجي Pilot Projects” ”في مشاريع تجريبيم

 اف عػػدد المػػواد الانشػػائيم. اوػػلا  فػػي السػػوؽ لممػػواد المتداولػػماسػػتقرار المػػادة الجديػػدة كمنػػافس او مكمػػؿ 
حاليػػا محػػدود جػػدا وةػػذا ي يػػر القمػػؽ حيػػث اف المػػواد الاوليػػم التػػي يمكػػف اسػػتخدامها فػػي وػػناعم  المتداولػػم

 ,وػناعم المػواد الانشػائيم   يرة جدا ويجب عم  المختويف التوحؿ فػي مجػاؿالمواد الانشائيم في العراؽ ك
   .....عشرات السنيفبالدوؿ المتقدمم وحت  الناميم في ةذا المجاؿ  تأخر العراؽ عفقد ل

 1449الاسعار احتسبت في شهر تموز , ( بدوف انهاء)مقارنم كمفم البناء لمهيكؿ فقط ( : 1)جدوؿ رقـ 
 .عمما بانه لـ يحتسب كمؼ الماء المستخدـ واجور النقؿ المطموبم بالحجوـ  المواد تـ تقدير

 كمفم القطعم الواحدة العمؿ اجور دينار عراقي-كمفم الموادالاوليم المادة الانشائيم

البناء الطابوؽ الطيني           
 25x12.5.x7.5cmالابعاد 

  2343cm3: الحجـ 

 2450gr:الوزف 

لاؿ تشمؿ الكمفم فقط استغ
 بدوف مقابؿ الارااي الزراعيم

حيث لـ يودر قانوف يمنع ذلؾ 
 . 

 
 
50% 

 
 دينار 164-144

 البموؾ الكونكريتي الاعتيادي 
 40x20x16cmالابعاد 
 12800cm3: الحجـ 

 16100gr: الوزف 

 

 Cm3  الاسمنت

 دينار 044
 دينار 1444 

 Cm3 الرمؿ

 دينار 64
 
50% 

 

 Cm3 الحو 

 دينار 64
  

 وؾ المقترح في البحث البم
 25x25x12.5cm: الابعاد 

 7812cm3:الحجـ

 gr 6350:الوزف
 

 Cm3 الاسمنت

 دينار 044
 دينار  644 

 Cm3 الرمؿ

 دينار 64
 

30%  

 Cm3 كسر الطابوؽ

 دينار 14
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 :النتائج 

حتػوي عمػ  كسػر البمػوؾ النمطػي المقتػرح الم"اتاك لنا خلاؿ عمؿ ةذا البحث اف المادة البنائيم المقترحم 
مػواد البنػاء المتداولػم  ةػي احػدى المػواد الممكػف ادخالهػا الػ  جانػب" الطابوؽ الطينػي ذات العػزؿ الحػراري 

حاليا م ؿ الطابوؽ الطيني والبموؾ الكونكريتي الاعتيادي  ومف بيف الم شػرات التػي تواػحت مػف البحػث 
 :التالي

 " والوػوتي الطػابوؽ الطينػي ذات العػزؿ الحػراريالبموؾ العراقي النمطي المقترح المحتوي عم  كسػر  "
ةػو حالػم متقدمػم لمشػاركم المهنػدس المعمػاري العراقػي فػي اقتػراح مػواد بنائيػم مسػاندة لممػواد الانشػائيم 

 .المتداولم

  مػػواد البنػػاء الجديػػدة مػػف  عمػػ  المهندسػػيف كافػػم والمهتمػػيف بالبنػػاء بوػػورة عامػػم تقبػػؿ ادخػػاؿ عشػػرات
 ةػي قميمػمو عها نقمهػا وتوػنيو  عميهػا الحوػوؿ متيسػرالمػواد الاوليػم ال نتاجهار لاوخاوم تمؾ التي يتوف

  .العمؿ ا ناء المناولم في مواقع البناءسهمم و  النقؿ والانتاجالكمفم في 

  فػي مواوػفات المػواد الانشػائيم الجديػدة ونلاحػظ اف  مهمػمالعزؿ الحػراري فػي العػراؽ يعتبػر ذات قيمػم
 .مقارنم بالبموؾ الكونكريتي الاعتيادي تفوؽ في ةذف المواوفم مالبموؾ النمطي المقترح 

  سهولم انتاج البموؾ المقترح بكميات وغيرة تكفي لمسكف واحد عمػ  سػبيؿ الم ػاؿ وةػذا مناسػب لعمػؿ
 .العمؿ بكمؼ بسيطم  نجازالعوائؿ او افراد الجيرة لا

  كمػا يمكػف تطػوير قوالػػب  "متموػ" عبػارة عػف طػابوؽ طينػي وقػد تكػوفاف القوالػب المطموبػم بسػيطم و
فػػي وػػناعم البمػػوؾ  الاوتوماتيكيػػم المتبعػػممعدنيػػم لهػػذا الغػػرض كػػذلؾ يمكػػف اسػػتخداـ طريقػػم المكػػابس 

 .الكونكريتي الاعتيادي 

  البموؾ العراقي النمطي المقترح المحتوي عم  كسر الطابوؽ الطيني ذات العزؿ الحراري "اف قطعم "
(25x25x12.5cm) بينما تكوف كمفم البموؾ . دينار عراقي 644ا يدويا تكمؼ عند وناعته

والمساوي ,  %64واايؼ لها كمفم العمؿ  1449اسعار المواد الاوليم في تموز  بأعتماد الاعتيادي
 . 25cmلجدار عراه % 04وبذلؾ يكوف الفارؽ 1444طابوقات طيني تكمؼ مع العمؿ 1 لحجـ

 (1)وورة رقـ

 24 سمكه استخداـ البموؾ المقترح عف العزؿ الحراري لجدارعند % 64نحو  العزؿ الحراري يزيدcm 
 .عند املاء الفتحات بالتراب النظيؼ%54ويزداد ال   مف الطابوؽ الطيني الفني

 المناسبم"  البناء وتكنولوجيا ونظـ موادال"  بدائؿ ايجاد في محوري ةو المعماري المهندس دور اف 
 كم اؿ البحث ةذا اليه يرمي ما وةذا,  العاممم اليد كفاءة , مالاولي المواد حيث مف العراؽ في حالممل

  .المطموبم البحوث عم  العديد مف

  التفاويؿ المعماريم في ةذا البحث ةي نماذج لمتفاويؿ الممكنم والك يرة عند استخداـ البموؾ النمطي
 (6)وورة رقـ لمحالات المتوقعم في البناء والديكور وتوميـ الحدائؽ اياا
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                                                                                             :صياتالتو 
مواد ونظـ وتكنولوجيا البناء في  "وخلاؿ قيامنا بالعديد مف البحوث والدراسات فيما يخص  1441بعد 
 :يمكننا تقديـ التوويات التاليم " العراؽ

 م بالمشاريع التي خطط لها او تحققت في العراؽ في فترة اعادة طباعم الدراسات الخاو
 .السبعينات مف القرف العشريف لاةميتها القووى 

  الاةتماـ بشكؿ خاص بنشر الدراسات التي تمت حوؿ مشروع اسكاف عاـ عراؽ  

General housing program Iraq 2000 – GHPI”  . " الذي قامت به م سسم                  
Pol- service  البولونيم وبمشاركم مكتب دار العمارة الاستشاري واشرفت عميه الامـ المتحدة وقد داـ

الباحث شارؾ في ةذا العمؿ وقامت شركم اجنبيم بتنفيذ عدد مف العمارات . العمؿ فيه ست سنوات 
 . السكنيم ذات  لاث طوابؽ ملائمم لمحالم الاجتماعيم العراقيم مف توميـ الباحث 

 اعم الدراسات ومخططات المدف التي تمت احمبها بمشاركم المكاتب الاجنبيم وكانت اعادة طب
العراؽ في  والاقايم مدفالططات لكافم لغرض الاستفادة منها في اعداد مخو عم  مستوى عالمي 

 . لمواطنيف ك قافم عامم وا لمدارسيف وتوفير ةذف المطبوعات

  الطرؽ السريعم القديمم كذلؾ المتوقع انشاءةا في اعداد دراسات جديدة لمواقع السدود والجسور و
 .  لاةميتهاالسنوات القادمم 

  اف بعض مشاريع المدراس الحدي م التي نفذت بالبناء الجاةز في السبعينات كانت ناجحم ويمكف
 .الاستفادة منها لواع اسس للاعداد الكبيرة مف المدراس المطموب بناءةا في العراؽ 

 حتاج ال  دراسات ي متكاممم وذلؾ ال  عيادات نموذجيم ومستشفيات اف قطاع الوحم بحاجم
 .ةذا المجاؿ في  محميم لواع خطط ةندسيم 

  اف قطاع الاسكاف يحتاج ال  نهوض شامؿ ولكف مف خلاؿ القطاع الخاص وفتك بنوؾ عقاريم
ؿ واعطاء ويتحدد دور الدولم في الاشراؼ عم  العم, محميم كما في دوؿ الخميج عم  سبيؿ الم اؿ

 .القروض المشروطم 

  اعداد مناةج مناسبم لتطوير البناء في العراؽ مف كافم جوانبه مع اعتماد اقتراحات الاستشارييف
 .القرف العشريف مففي م ؿ ةذف الاعماؿ منذ السبعينات  االعراقييف الذيف شاركو 

  ة والمتوسطم كذلؾ تدريب اف تتبن  وزارة العمؿ والش وف الاجتماعيم تمويؿ مشاريع البناء الوغير
 .طرؽ التنفيذ المناسبم في العراؽ تنويع  الكوادر الشابم في التخطيط و البناء و

 امف  تستعمؿة التي جديدتشجيع انتاج مواد العزؿ الحراري والتي ستكوف جزء مف مواد البناء ال
 .عم  سبيؿ الم اؿ" cavity walls  ”المجوفم  الجدراف والسقوؼ

 واوفات الدوليم والتي كاف العراؽ جزءا منها الاةتماـ بالم“ISO- IRAQ”  انطلاقتها بدأت والتي
 .نات مف القرف العشريف وكادت اف توبك قوانيف عراقيم بعيفي الس
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 كمبرد هواء حيائمبادل حراري صفل دراسة تجريبية

 احمد أديب عبد الواحد/مدرس مساعد
 القسم الهندسي/ رئاسة جامعة النهرين 

  خلاصةال
لكْى ذثزٗذ الِْاء تئضافح الواء ٗكْى هحذداً توذٓ هع٘ي هي الزطْتح الرٖ ًظرط٘ع إضافرِا إل٘هَ ّالرهٖ             

رْٓ الزطْتٖ للِْاء لذلك ٗرن اللجْء إلٔ طزٗقح ذثزٗذ الِْاء تالرزط٘ة غ٘ز الوثاشز لهذا تذّرُا ذعروذ علٔ الوح

هرعاههذ الجزٗهاى صهي٘حٖ هْضهْ  اًرقهاا الحهزارج عثهز  طهطد هثهادا  هزارٕ دراطهح إلٔ الثحث الحالٖ  ِٗذف

 . ططد الوثادا  ّهقذار الطاقح الحزارٗح الوٌرقلح عثز زط٘ةّهعزفح الظزّف الوثلٔ الوؤثزج علٔ كياءج الر

ا تكه  ههي وهثزُّههذٓ ذ ّهقذار الطاقح الحزارٗح الوٌرقلح عثز  ططد الوثادا  الرزط٘ةظاب فعال٘ح ذن              

 ٘ث ذن ذثث٘د كو٘ح الِْاء الثإًْ هع ذغ٘٘ز كو٘هح الِهْاء الزئ٘ظهٖ ههزجً ّذغ٘٘هز  ّالثإًْ ٖذ٘ارٕ الِْاء الزئ٘ظ

ٗهرن ذثث٘هد كو٘هح الِهْاء عذا ذذفق هع٘ي للِْاء الزئ٘ظهٖ ههزجً  خهزٓ تعهذُا ظزّف الِْاء الزئ٘ظٖ الذاخ  عٌذ ه

الزئ٘ظٖ هع ذغ٘٘ز كو٘ح الِْاء الثإًْ هزجً ّذغ٘٘ز ظزّف الِْاء الزئ٘ظٖ الذاخ  عٌذ هعذا ذهذفق هعه٘ي للِهْاء 

ذفق هعذلاخ ذه جِاس هخرثزٕ ذرْفز فَ٘ إهكاً٘ح ق٘اص ْا إلٔ ُذا الِذف ذن اطرخذامّللْص,  الزئ٘ظٖ هزجً  خزٓ

ّالثهإًْ  ٖلا الر٘ارٗي الزئ٘ظالجافح ّالزطثح عٌذ هقاطع الذخْا ّالخزّج لك الِْاء ّدرجاخ الحزارج للثصلر٘ي

. 

ّهقذار الطاقح الحزارٗح الوٌرقلح عثز  ططد الوثادا ذزذثط تشٗادج كلاً هي فعال٘ح الرزط٘ة  إى سٗادجّجذ             

عٌذ %96لرص  إلٔ % 61 ٘ث ذشداد فعال٘ح الرزط٘ة تٌظثح فق الِْاء الزئ٘ظٖ ذذفق الِْاء الثإًْ ًّقصاى ذذ

ّكهذلك الحهاا تالٌظهثح لوقهذار الطاقهح الحزارٗهح  ٘هث  0.2kg/sذغ٘٘ز هعذا ذهذفق الِهْاء الثهإًْ ههي صهيز إلهٔ 

الِهْاء عٌذ سٗادج هعذا ذهذفق % 61كوا إى فعال٘ح الرزط٘ة ذق  تٌظثح ,  1.15kW إلٔلرص  % 59ذشداد تٌظثح 

لهٌيض ًظهثح الٌقصهاى % 16ّكذلك الحاا تالٌظثح لوقذار الطاقح الحزارٗهح  ٘هث ذقه  تٌظهثح % 61الزئ٘ظٖ تٌظثح 

 .فٖ هعذا الرذفق  علاٍ 

 

Experimental study of plate heat exchanger air cooler 
ABSTRACT                                                    

                   As cooling air using water injection was limited by a range of humidity ratio so indirect 

humidification for air consider , this research take the study of heat transfer through a perpendicular 

plate heat exchanger to discover the influence optimum conditions on dehumidification efficiency 

and the amount of heat transfer energy across the plates of heat exchanger so calculating 

dehumidification efficiency and the amount of heat transfer energy across the plates of heat 

exchanger depending on the change of primary and secondary air flow rate using an experimental 

apparatus with an instruments for measuring air flow rate , dry bulb temperature and wet bulb 

temperature on air entry and exit sections , experimental procedure by fixing primary air mass flow 

rate with changing secondary air mass flow rate once and the condition of entering primary air 
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another time , also fixing secondary air mass flow rate with primary air mass flow rate once and the 

condition of entering primary air another time . 

                   Results show that the increasing of both the dehumidification efficiency and the amount 

of heat transfer energy across the plates of heat exchanger depend on the increasing of secondary 

and decreasing of primary air flow rate , percentage of increasing dehumidification efficiency 16 

when secondary air mass flow rate increase from 0 to 0.2 kg/s and percentage of increasing heat 

transfer 35 with above flow rate , percentage of decreasing dehumidification efficiency 12 when 

primary air mass flow rate increasing percentage 12 and percentage of increasing heat transfer 21 

with above flow rate . 

 

KEYWORD : air-cooler , dehumidification , heat exchanger , heat transfer , Two stage .  

  مقدمةال
باادون حاادوث  آخاارمااائ   إلاا حااد الموائاا  المباااد ت الحراريااة سااي وسااائل لنقاال الطاةااة الحراريااة ماان ا            

والمبااد ت الحرارياة  shell & tubes والأنابيابعديدة لممباد ت مثال الداد ة  أنواعوتوجد , عممية خمط بينهما 
المبااد ت الحرارياة  إنكماا .  scraped surfaceوذوات السطوح المكشاوطة  spiralوالمولبية  plateالدفيحية 

المستخدم  ي محطات  Boiler،  المرجل  عنه  ي كثير من المجا ت الحيويةستغناء يمكن ا  سي جزء مهم  
 والمبخاار مبااادل حاراري  إ  اي منظومااات التكييا  مااا ساو  ين الميااا ساخالمسااتخدم لت أوتولياد الطاةااة الكهربائياة 

evaporator بااارج التبريااااد و الجااازء الفعااااال  اااي منظومااااات التكييااا  والتبرياااادcooling tower تخدم  ااااي المساااا
كماا  عان مباادل حاراري مان الناوع المفتاوحالمستخدم  ي دناعة الحديد والدمب ساو عباارة  أومنظومات التكيي  

موجودة  اي كال بيات يعتماد عممهاا عما  المبااد ت الحرارياة مثال الثلجاة المنزلياة وكاذلك المباردة  أجهزةسناك إن 
 ,ماء الحار المستخدم لتبريد المحارك بواساطة المبادلاة الحرارياة و ي السيارة يتم تبريد ال ,مبردة الماء  أوالتبخيرية 

 . والأجهزةوسكذا نرى المباد ت الحرارية سي العمود الفقري لكثير من الدناعات 
 اي المبااد ت الحراريااة الدافيحية يااتم وةا  دافيحة رةيقااة مان المعاادن باين ماائعين ليااتم عبرساا نقاال             

,  النيكال, التيتاانيوم , الحدياد المغماون : عة ا ساتعمال لدان  ساذ  الدافائ  المعاادن الشاائومن , الطاةة الحرارية 
 .التيتاليوم 

تعتمااد طريقااة تبريااد الهااواء تبخيرياااً بماارحمتين عماا  تبريااد الهااواء الخااارجي إلاا  درجااة حاارارة اةاال ماان             
 . ل  الحيز المكي المةا ة إرطوبة اةل لمالممكن تحقيقه بمرحمة واحدة م  حديمة 

المباااد ت  عناادما كاناات 1968منااذ عااام  pescod [Heat exchangers , 1988] باادأت محاااو ت             
  من المعادن إ  أن كمفة الديانة وأسعار الإنشاء أدى إل  عدم نجااح ساذا الأساموب مماا الحرارية غالباً ما تدن

الداافائ   باسااتعمالمنظومااات التبريااد غياار المباشاار وذلااك   ااي  سااتخدامهعماا  تطااوير المبااادل الحااراري  هشااجع
يرش  Nozzle واء كذلك مةخة تدوير الماء ومنفثهواء وتستخدم دا عتين لمهاللتشكل مسارين متعامدين لتياري 

حياث يقاوم بتبرياد الهاواء الاداخل لمحياز بالمباادل الحاراري  أسافلالماء  وق مسار تيار الهاواء الثاانوي والاداخل مان 
بخيااري غياار ملئمااة التبريااد ألت  pescodبحااث الأسااموبراد تكييفااه ، بينمااا يطاارح الهااواء الثااانوي لمجااو وبهااذا الماا

لظرو  مناخية مختمفاة لقاارة اساتراليا وتباين اناه ملئام لمعظام أجاواء اساتراليا ماا عادا المنااطق التاي تزياد  المباشر
 25  يها درجة الحرارة البدمة الرطبة لمهواء عم 

o
C 36 ة والجا 

o
C .     
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 Canada Composting Inc [An experimental study of aنجحات شاركة  1001  اي سانة             

cross-flow type plate heat exchanger for dehumidification/cooling , 2002] مباااد ت ال أداء تطااويرب
الكتااروداً لتكااوين حقاال الكتاارودي لزيااادة  الأةاالداافائ  المبااادل عماا   إحاادىتجعاال  أن الحراريااة الداافيحية ومنهااا

 إةاا ةالتداميم الثااني  يعتماد عما   أماا, معدل انتقال الطاةة الحرارية ما بين مائ  التثميج والمائ  الناةال لمحارارة 
جريان حمقي ويتم بتوسي  سط  الزعنفة لزيادة مساحة التبادل الحراري م  عمل  تحات شاعاعية لحمقاات الجرياان 

 .ب إةا ي بالجريان وبالتالي زيادة التبادل الحراري لعمل اةطرا
 Davis Energy Groupأثمااارت الدراساااات والأبحااااث التاااي أجرتهاااا شاااركة  1005و اااي عاااام             

[development of an improved two-stage evaporative cooling system , 2004]  عم  تحقياق الأسادا  التاي
 ةاال ما  تقمياال كمفتاي الإنشاااء والتشاغيل إةااا ةً إلا  كميااة اةال لمرطوبااة داخال الحيااز تطما  إليهااا وساي الأداء الأ

    .الخ .... م  تغيير موة  المحرك الكهربائي المكي  وذلك عن طريق جعل عرض المباد ت حراً 
 الفرضيات

ذلاااك و  متينحي يساااتخدم لتبرياااد الهاااواء بمااارحمباااادل حاااراري دااافائبحاااث تحميااال تدااار  يتنااااول ساااذا ال             
 : اليةالفرةيات التوبا عتماد عم  حفظ الطاةة و  حفظ الكتمة تيمعادلعتماد عم  با 
  يعامل الغاز عم  انه غاز مثالي. 
   103.5مسااااتوى سااااط  البحاااار ويساااااوي  أساااااسالةااااغط الجااااوي عمااااkpa  ( لنااااتمكن ماااان اسااااتخدام المخطااااط

 ( . psychometric chart المدردي

 ل  النظام تمة والطاةة من و   يوجد إةا ة أو طرح لمك  .ا 

 الجزء العممي 
( 6) الأشااكال اسااتخدام مبااادل حااراري داافائحي ماان داافائ  الألمنيااوم كمااا  ااي دراسااةال تاام  ااي سااذ             

بحياااث  دااافيحة رتبااات (50)لكااال دااافيحة ويبمااا  عاااددسا  (52cm*66)بالأبعااااد   (1mm)وبسااامك  (5)و( 1)و
واساتخدمت  (3cm)والمسا ة البينية لممارات الهاواء الثاانوي  (1cm)ء الرئيسي تكون المسا ة البينية لممرات الهوا

المسااا ة بااين الداافائ  لمماارات  ول مسااا ة المبااادل لحفااظعماا  طاا (3cm)عاارض و (1cm) ةطاا  خشاابية بساامك 
 تام طاالء.  وباساتخدام أربا  مساااند موالاابة بالتثباات الدافائ  ما  القطاا  الخشابي. مجارى الهاواء الرئيسااي والثاانوي 

اسااتخدمت . ساارب الماااء أو الهااواء ماان خللهااا الخشااب الماااء ولمناا  ت يمااتصطاا  الخشاابية بمااان  الرطوبااة لاائل الق
بااين داافائ  المبااادل ماان جهاة مجاارى الهااواء الثااانوي وذلااك لزيااادة المساااحة السااطحية ( حمفااة ال) الحشاوة الخشاابية 

الحشوة عم  توزي  الماء لكي يشامل جميا   لتلمس الهواء م  الماء ولعمل اةطراب  ي مجرى الهواء كما تعمل
 . أسط  الدفيحة مما يزيد من كفاءة التبمل وسذا يؤدي إل  زيادة  عالية التبريد لممبادل 

مجرى الهواء الثانوي لترطيب الحشاوة الخشابية ودافائ  الألمنياوم باساتخدام أنابياب  إل يجهز الماء              
لتاادوير . تجهيااز رئيسااي  متساااوية والتااي تجهااز ماان خاالل أنبااوبشااوة بدااورة بلسااتك مثقبااة تااوزع الماااء عماا  الح
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وةا  المباادل الحاراري داخال الجهااز وثبات باساتخدام حامال .  (20L/min) ذات ساعةالماء اساتخدمت مةاخة 
يفدل بين مجرى الهواء الثانوي والرئيسي دفيحتان الأولا  أماام المباادل مان . عم  شكل سكة لسهولة الديانة 

الدخول لمهواء المعامل ترتبط بالحامل وحوض الماء والأخرى من جهة الخروج من المبادل وتمتد إل  ةاعدة جهة 
استخدمت مروحة لساحب الهاواء الثاانوي . الحوض حيث يتم من خللها  دل الحوض إل  جزأين أسفل المبادل 

إل    ي مجرى تيار الهواء الثانوي ةمن خلل الحشوة الخشبية المثبتسق  الجهاز بعد مرور  من خلل  تحة  ي 
ز يتجم  الماء النازل من الحشوة الخشبية  ي الحوض أسفل المبادل ويعوض عان المااء المتبخار بتجهيا. الخارج 

 .الحوض بالماء باستخدام طوا ة 
 – copper)مدااانوع مااان ماااادتي  Tناااوع  (Thermocouples)اساااتخدمت مزدوجاااات حرارياااة             

constantan)  الهاواء الماراد  محرار زئبقي لقياس درجة حرارة البدامة الجا اة لمهاواء ،  قاد تام تثبيتهاا  اي مجارىو
وكذلك استخدم نفس النوع من المزدوجات الحرارية لقياس درجة حرارة البدمة الرطبة لمهاواء .  ةياس درجة حرارته

 ااي ةااارورة مممااوءة بالماااء  اتغماار نهايتهاا (wick)حيااث لاا  عماا  نهايتهااا ةطعااة ماان ةماااش ةطنااي بشااكل  تياال 
معادلاة بمفتااح  أسالك وباساتخدامالمزدوجات الحرارياة بعاد توزيعهاا عما  منااطق القيااس  أطرا تتدل  .المقطر 
الكهربائيااة لعاادة مزدوجااات ويسااتخدم جهاااز مؤشاار درجااة  الإشااارةالااذي يتااي  ةياااس  (selector switch)اختيااار 

الكهربائيااة التااي نحداال عميهااا ماان  الإشااارةيقااوم بتحوياال  (digital temperature indicator)الحاارارة رةمااي 
 لمتأكااد ماان دةااة )ة قاسااةاامن حاادود درجااات الحاارارة الم (%0.6)ةااراءة لدرجااة الحاارارة بدةااة  إلاا الماازدوج الحااراري 

ذلااك بوةاا  متحسااس الماازدوج المعااايرة ةباال الباادء بااالقراءات و  تاام إجااراء عمميااةةااراءات جهاااز ةياااس درجااة الحاارارة 
تام ةيااس درجاة الحارارة عان طرياق جهااز ةيااس درجاة و   ي إناء يحتوي عم  ماء مقطر م  جريش الاثمج لحراريا

4.0- ا لكتروني  ظهرت النتيجاة الحرارة
0
C  100.0مان ثام ساخن المااء إلا  درجاة الغمياان و

0
C  تام ةيااس درجاة و

99.9الحرارة  ظهرت النتيجاة 
0
C  ) .ةا  وارتفاعاات مختمفاة لكال مقطا  قاد وزعات عادة مزدوجاات حرارياة  اي موال

حيااث يااتم ) جاااوز الخطااأ الحاداال  ااي القياااس بساابب عاادم تجااانس الهااواء لاانفس مقطاا  القياااس م تةياااس لكااي ياات
أخذ متوسط تم و ( وة  مزدوجين حراريين لكل مقط  ةياس احدسما  ي وسط مقط  ا ختبار والآخر عند حا ته 

ةيااس درجاة حارارة تام حياث وجات الحرارياة لقيااس درجاات الحارارة درجة الحرارة لكل مقط  ةياس وةد وزعت المزد
مزدوجاات حرارياة  خدامتساهاواء الرئيساي لممباادل الحاراري باالبدمة الجا ة والرطبة لمهواء الماار  اي مجارى تياار ال

ة ة عناد الادخول والخاروج ماان المباادل وكاذلك تاام ةيااس درجاة حاارار ر يعاا أنابيابوجاه المبااادل باساتخدام ثبتات عما  
د يبر تالمنظومة البدمة الجا ة والرطبة لنقاط الدخول والخروج لمهواء الثانوي من المبادل الحراري عند الخروج من 

. 
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  خطوات إجراء التجارب
 تحتاي  تحرياك باوابتيالثانوي ويتم السايطرة عما  سارعته بالهواء الرئيسي و  يي الهواء لتيار مروحتيتم تشغيل  – 6

 . سرعة الهواء لكل من تياري الهواء الرئيسي والثانوي ويتم ةياس معدل  الدخول
تؤخااذ ةااراءات درجااات الحاارارة لمبداامة الجا ااة عنااد ماادخل ومخاارج المبااادل الحااراري ماان جهتااي تياااري الهااواء  – 1

 . الرئيسي والثانوي وكذلك تؤخذ ةراءة درجات الحرارة لمبدمة الرطبة عند الدخول والخروج 
د من تجانس توزيا  المااء عما  الساط  العماوي مان المباادل الحاراري ومان ثام م التأكويتالماء  تشغيل مةخة – 5

 .الهواء لمبدمة الرطبة والجا ة حرارة  تتم ملحظة درجات
  القراءات
 :ةراءة بالطريقة المبينة أدنا   170تجارب بمعدل  1تم إجراء 

 .ي اء الثانو تغيير سرعة تيار الهواء الرئيسي م  ثبوت سرعة الهو  – أ
 .  1007/  4/  9تاريخ إجراء التجربة .  1

         
14 15 14.3 20.3 13 16.7 12.7 19.2 1.78 

14.5 15.3 14 20.4 13.3 17 13.5 19.8 1.75 

14.5 15.2 14 20.4 13.3 17.2 13.4 19.7 1.73 

14.8 15.5 14.2 20.6 13.4 17.1 13.8 19.9 1.63 

14.7 15.5 14.3 21 13.3 17.3 13.8 19.9 1.57 

 . 1007/  4/  66تاريخ إجراء التجربة .  1
         

15.1 15.6 13.9 19.2 14.1 18.2 16.3 25 1.78 

15.7 16.4 14.5 20 15 19.2 17.3 25.9 1.75 

16 16.8 14.8 20.3 15.2 19.1 17.3 25.9 1.73 

15.9 16.5 14.8 20.3 15.1 18.8 17.4 25.9 1.63 

16 16.7 15.5 21.2 15.5 18.9 18.4 26.8 1.57 

 . 1007/  4/  67تاريخ إجراء التجربة .  5
         

15.2 20.9 16.6 17.2 15.9 20 18.8 29.1 1.78 

15.1 21.2 16.6 17.4 16 20.5 19 29.3 1.75 

15.2 21.4 16.6 17.3 16 20.4 18.8 29.3 1.73 

15.3 21.8 16.9 17.8 16 20.3 19.2 30 1.63 

15.2 21.9 16.7 17.5 15.9 19.8 20 31.7 1.57 
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 . 1007/  4/  69تاريخ إجراء التجربة .  4
         

17 17.9 16 22.1 16.5 21.5 19.1 29.3 1.78 

17.5 18.2 16.6 22.8 17.1 21.9 19.7 31.3 1.75 

17.8 18.6 16.6 23 17.1 22 20.1 31.8 1.73 

18.6 19.7 17.2 23.3 17.6 22.3 21 33.2 1.63 

18.6 19.4 17.2 23.3 17.6 22 21.7 34.4 1.57 

 . 1007/  4/  14تاريخ إجراء التجربة .  5
         

18.9 19.7 18 23.8 18.3 24.4 22.3 37.6 1.78 

19.3 20.1 18.4 24.4 18.8 25 22.4 39.1 1.75 

19.9 20.6 18.6 24.6 18.8 24.8 23.3 40 1.73 

19.4 20.2 18.3 24.6 18.4 24.5 23.4 40.6 1.63 

19.5 20.4 18.5 24.8 18.5 24.3 24.4 43 1.57 

 . تغيير سرعة الهواء الثانوي م  ثبوت سرعة تيار الهواء الرئيسي –ب 
  1007/  4/  9تاريخ إجراء التجربة 

         
14 15 14.3 20.3 13 16.7. 12.7 19.2 4 

15.1 16.2 14.4 21.4 13.5 17.4 14 20.5 3.95 
15.3 16.7 14.7 22.3 13.7 18.1 14 20.9 3.15 
16.4 17.6 14.8 20.6 15.1 18.3 15.2 20 2.08 
16.5 21.2 15.6 20.8 16 18.4 14.9 20.5 0 

 الحسابات 
ء الرئيساااي نساااتطي  اساااتخدام المخطاااط بمعر اااة درجتاااي حااارارة البدااامة الجا اااة والرطباااة عناااد مقطااا  خاااروج الهاااوا

ةيااس سارعة سرعة الهواء  يتم ةياسها مباشرة بواسطة جهاز  أما, كثا ة الهواء عند سذا المقط   لإيجادالمدردي 
تم حسااب معادل تاد ق ياوبمعر ة أبعاد المقطا  نساتطي  حسااب مسااحته بعاد   (5)الموة   ي الشكل رةم  الهواء

 :مي كما يي كتمألالهواء الرئيسي 

 =  *  *                                                                 (1) 
باساتخدام  كماا  اي أعال  لكان عناد مقطا  خاروج الهاواء الثاانويالكتماي تم حسااب معادل تاد ق الهاواء الثاانوي كما 

 :المعادلة 
 =  *  *                                                                  (2) 

سااي عبااارة عاان سبااوط درجااة  ) اليااة الترطيااب ااي تجاربااه لحساااب  ع pescodتاام اعتماااد العلةااة التااي اسااتخدمها 
الجا اة ودرجاة حارارة الهاواء الثاانوي  يباين درجاة حارارة الهاواء الرئيساالجا ة نسبةً إلا  الفارق  يحرارة الهواء الرئيس

 : وسي ( الرطبة 
ε =                                                                       (3) 
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 تبريداً محسوساً  لرئيسيحيث يبرد الهواء ا ويمكن معر ة كمية الطاةة الحرارية المنتقمة باستخدام المعادلة التالية
sensible cooling : 

Q =  *  * (                                       (4) 

 شة مناقوالالنتائج 
بطريقاااة التبرياااد لتبرياااد  تبرياااداً محسوسااااً  يمااارر الهاااواء الرئيساااي خااالل المباااادل الحاااراري ألدااافائحي             

 قاد , لتبخيري غير المباشار وةاد تام الحداول عما  نتاائج ا ختباارات مان خالل تشاغيل المنظوماة بداورة كامماة أ
الخشاابية بااين داافائ  المبااادل لمجاارى تيااار الهااواء الثااانوي لزيااادة المساااحة السااطحية لااتلمس  اسااتخدمت الحشااوة

 ة إلا  تحسااين توزيا  الماااء لكاي يشاامل الهاواء ما  الماااء ولعمال اةااطراب  اي مجاارى تياار الهااواء الثاانوي بالإةااا
جمياا  أجاازاء سااط  الداافيحة ولتقمياال ساارعة نزولااه إلاا  الحااوض بحيااث يماار  ااي مسااار أطااول ويزيااد ماان تلمااس 

 .إل  حرارة كامنة لتبخير الماء  الهواء م  الماء حيث تتحول الحرارة المحسوسة  ي الهواء الثانوي
نقاوم بتثبيات  عم   عالية الترطيبالداخل وظرو  الهواء اء الرئيسي تد ق الهو كل من  تأثيرلمعر ة              

( 4)نحدل عم  الشكل , ( أي جعل  تحة دخوله بأةد  ما يمكن )  ثا/كغم 0.1ةيمة  عند كمية الهواء الثانوي
رئيسي الظرو  دخول مختمفة لمهواء ل ترطيبواء الرئيسي الكتمي و عالية الالذي يمثل العلةة بين معدل تد ق اله

المادخل بالتناةص كمما زاد معدل تد ق الهواء الرئيسي لمختم  ظارو   تأخذ ترطيب عالية ال إنة  منه أتالذي 
ة   عينام اساتيعاب رطوباةيعود إل  إن الكمية المحددة لمهواء الثاانوي ةاادرة عما  بثبوت كمية الهواء الثانوي وسذا 

ب تكااااااااون عنااااااااد ظاااااااار  سااااااااواء رئيسااااااااي داخاااااااال يتةاااااااا  إن أةداااااااا   عاليااااااااة ترطياااااااا كمااااااااا,  تسااااااااتطي  تجاوزسااااااااا
33DBT,21WBT  عنااد  70%أةداا   عاليااة ترطيااب عمميااة  ااي سااذ  الدراسااة كاناات  .بعاادسا تباادأ با نخفاااض
 .ثا لمهواء الرئيسي /كغم 0.561معدل تد ق كتمي 

راريااة ولمعر ااة تااأثير كاال ماان تااد ق الهااواء الرئيسااي وظاارو  الهااواء الااداخل عماا  مقاادار الطاةااة الح             
يمثاال ( 9)الشااكل , ثااا أيةاااً /كغاام 0.1عنااد ةيمااة  قااوم بتثبياات كميااة الهااواء الثااانويالمنتقمااة عباار أسااط  المبااادل ن

العلةااة بااين معاادل تااد ق الهااواء الرئيسااي الكتمااي والطاةااة الحراريااة المنتقمااة عباار أسااط  المبااادل لظاارو  دخااول 
بالتنااةص كمماا زاد معادل تاد ق الهاواء الرئيساي لمختما   مختمفة لمهواء الذي يتة  مناه إن الطاةاة الحرارياة تأخاذ

إل  أن يدل إل  حد يستقر  يه مقدار الطاةة الحرارياة  لداخل بثبوت كمية الهواء الثانويظرو  الهواء الرئيسي ا
ساتيعاب و  يزداد بزيادة كتمة الهواء الرئيساي الماارة وساذا يعاود إلا  إن الكمياة المحاددة لمهاواء الثاانوي ةاادرة عما  ا

يتةا  إن  كماا, طاةة حرارية كامنة معينة تسحب طاةة حرارية محسوسة من الهواء الرئيسي   تستطي  تجاوزسا 
طاةااة أةداا  كمااا إن .  33DBT,21WBTأةداا  طاةااة حااراري منتقمااة تكااون عنااد ظاار  سااواء رئيسااي داخاال 

ثاا /كغام 0.561عادل تاد ق كتماي عناد م 4.5kW ي سذ  الدراساة كانات  حرارية عممية منتقمة عبر أسط  المبادل
 .لمهواء الرئيسي 
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تام تثبيات كمياة الهاواء تأثير كال مان تاد ق الهاواء الثاانوي وظارو  الهاواء الاداخل عما   عالياة الترطياب  ولدراسة 
( 1)نحدال عما  الشاكل , ( أي جعل  تحة دخوله عند أةد  ماا يمكان ) ثا /كغم 0.59594عند ةيمة  الرئيسي

ي الكتمااي و عاليااة الترطيااب لظاارو  دخااول مختمفااة لمهااواء الااذي ثااانو ين معاادل تااد ق الهااواء الالااذي يمثاال العلةااة باا
رئيسااي  ن زيااادة كميااة الهاواء البثباوت ي ثااانو كممااا زاد معادل تااد ق الهاواء ال تازداديتةا  منااه إن  عالياة الترطيااب 

ارة البدامة الرطباة وبالتاالي زياادة كمية الهواء الثانوي تعني زيادة كمية الماء التاي يساتطي  حممهاا لانفس درجاة حار 
أةداا   عاليااة ترطيااب عمميااة  ااي سااذ  الدراسااة كاناات وماان الشااكل السااابق يتةاا  لنااا أيةاااً إن ,  عاليااة الترطيااب 

أدناا  التاي تاربط معادل تام الحداول عما  العلةاة  .ي ثاانو ثاا لمهاواء ال/كغم 0.1عند معدل تد ق كتمي  %96.05
ولتااد ق  30.3DBT,14.3WBTثااانوي داخاال اليااة الترطيااب عنااد ظاارو  سااواء تااد ق الهااواء الثااانوي الكتمااي بفع

 : سواء رئيسي كما ذكر أعل 
  +42.85                       (5) 

ولمعر ااة تااأثير كاال مااان تااد ق الهااواء الثاااانوي وظاارو  الهااواء الااداخل عمااا  مقاادار الطاةااة الحرارياااة              
يمثال ( 7)الشكل ,  أيةاً ثا /كغم 0.59594ةيمة  عندتثبيت كمية الهواء الرئيسي تم بادل المنتقمة عبر أسط  الم

العلةة بين معدل تد ق الهواء الثانوي الكتمي والطاةة الحرارية المنتقمة عبر أسط  المبادل لظرو  دخول مختمفة 
الثانوي لمختما  ظارو  الهاواء الاداخل لمهواء الذي يتة  منه إن الطاةة الحرارية تزداد بزيادة معدل تد ق الهواء 

تسابب زيااادة  اي معاماال انتقاال الحاارارة الثاانوي  الهااواءكمياة زيااادة بثباوت كمياة الهااواء الرئيساي وسااذا يعاود إلا  إن 
(h ) تساحب طاةااة حراريااة محسوسااة ماان  أينتيجاة زيااادة ا ةااطراب  ااي الجرياان وبالتااالي زيااادة التبااادل الحااراري

ي داخاال ري منتقمااة تكااون عنااد ظاار  سااواء ثااانو يتةاا  إن أةداا  طاةااة حاارا أعاال الشااكل وماان ,  الهااواء الرئيسااي
30.3DBT,14.3WBT . كما إن أةد  طاةة حرارية عممية منتقمة عبر أسط  المبادل  ي ساذ  الدراساة كانات

1.15kW  ة تام الحداول عما  العلةاة أدناا  لحسااب كميا .ي ثاانو لمهاواء ال (ثاا/كغام 0.1)عند معادل تاد ق كتماي
 :الطاةة الحرارية المنتقمة عبر أسط  المبادل بد لة معدل تد ق الهواء الثانوي لحالة الدراسة سذ  

 +0.745                                     (6) 

مما ورد سابقاً نستطي  القول إنناا نساتطي  الحداول عما  أةدا   عالياة ترطياب وأةدا  كمياة طاةاة             
ثا لمهواء الثانوي /كغم 0.1ثا لمهواء الرئيسي و /كغم 0.561ارية منتقمة لممبادل ةيد الدراسة عند معد ت تد ق حر 

كلً من الهاواء الرئيساي والثاانوي عما  التاوالي  30.3DBT,14.3WBTو  33DBT,21WBTلظرو  دخول 
. 

 التوصيات و الاستنتاجات 
 : ما يمي تم التودل إل النتائج بعد مناةشة  
زيادة معدل تد ق الهواء الرئيسي تسبب نقدان كلً من  عالية الترطيب ومقدار الطاةة الحرارية المنتقمة عبر  .6

 .أي ان العلةة التي تربط بينهما عكسية دفائ  المبادل 

دل تد ق الهواء  عالية الترطيب ومقدار الطاةة الحرارية المنتقمة عبر دفائ  المبادل يتناسبان طردياً م  مع .1
 .ن بزيادته الثانوي حيث يزدادا
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الحدول عم  العلةات التالية لحساب كلً من  عالية الترطيب ومقدار الطاةة الحرارية المنتقمة عبر أسط   .5
 :المبادل بد لة معدل تد ق الهواء الكتمي 

 +42.85   
 +0.745   

مان و ,  ة  حاا ت دراساة أخارى مان جهاة ثانياالحداول عماهاة و تغييرات لتطوير الجهاز مان ج يمكن إجراء عدة
 :بين سذ  التغييرات 

  تغييااار مروحتاااي كااال مااان الهاااواء الرئيساااي الثاااانوي أو إحاااداسما لزياااادة معاااد ت التاااد ق وبالتاااالي معر اااة
 .تأثيرسما عم  النتائج 

  تغيير المسا ات بين دفائ  المبادل زيادةً أو نقدان. 

  ي دن  المبادل عم  أن يكون مقاوماً لمددأ تغيير المعدن المستعمل . 

 

 

 
 

 

 

 مخطط الجهاز المستخدم( 6)شكل
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 الجهاز المستخدم( 1)شكل 

 

 
 الجهاز المستخدم( 5)شكل 
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 لظرو  سواء رئيسي داخل مختمفةالكتمي  إل  معدل تد ق الهواء الرئيسينسبةً  ترطيب عالية ال (4)شكل 

 

 
 

لظرو  سواء رئيسي داخل الكتمي  إل  معدل تد ق الهواء الرئيسينسبةً المنتقمة عبر سطحي المبادل  الطاةة الحرارية (9)شكل 
 مختمفة
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 الكتمي إل  معدل تد ق الهواء الثانوينسبةً  ترطيب عالية ال (1)شكل 

 

 
 

 الكتمي انويإل  معدل تد ق الهواء الثنسبةً الطاةة الحرارية المنتقمة عبر سطحي المبادل  (7)شكل 
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 قائمة الرموز
 m/s معدل سرعة جريان الهواء الرئيس عند مقط  الخروج          

 m/s معدل سرعة جريان الهواء الثانوي عند مقط  الخروج         

m 0.61779مساحة مقط  الخروج لمهواء الرئيسي وتساوي            
2 

m 0.04مساحة مقط  الخروج لمهواء الثانوي وتساوي                
2 

 درجة حرارة البدمة الجا ة لمهواء الرئيسي الداخل           
o
C 

 مهواء الرئيسي الداخلدرجة حرارة البدمة الرطبة ل         
o
C 

 درجة حرارة البدمة الجا ة لمهواء الرئيسي الخارج          
o
C 

 درجة حرارة البدمة الرطبة لمهواء الرئيسي الخارج        
o
C 

 درجة حرارة البدمة الجا ة لمهواء الثانوي الداخل          
o
C 

 درجة حرارة البدمة الرطبة لمهواء الثانوي الداخل         
o
C 

 درجة حرارة البدمة الجا ة لمهواء الثانوي الخارج         
o
C 

 درجة حرارة البدمة الرطبة لمهواء الثانوي الخارج       
o
C 

 %  عالية الترطيب               

 kg/s معدل التد ق الكتمي لمهواء الرئيسي           

 kg/s معدل التد ق الكتمي لمهواء الثانوي           

kg/m 1.184= كثا ة الهواء            
3 

Q         الطاةة الحرارية المنتقمة بين تياري الهواء kW 

 kJ/kg.K 6.009= ارة النوعية بثبوت الةغط لمهواء الحر        
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 المباني فيفي المادة المستعممة فية ـحقول القوة الخ
 

 :الباحث
 أنفال مؤيد الحجيات 

 (مساعد مدرس)ماجستير هندسة معمارية 
 كمية الهندسة -جامعة بغداد 

 قسم الهندسة المعمارية

 

The Hidden Fields in Material that used for Building  

 
ABSTRACT  

In the Last Recent Years, the Conservation of Natural Environment Resources 

be a Problem that to and fro to get a line between two elements, First of one is the 

Natural Environment Resources Balance , and the other is the Reduction of its 

Consumption and Limitation of Negative Results upon this Environment, Last Years 

seeks to but Modern Architecture Concept to Conservator Energy Resources and 

Natural Sources To Reach that Known Sustainable Buildings Which have the Lessees 

Effect on the Natural Environment and its Environmental Properties.  

On the Concern that Materials is the Main Component of Architectural 

Configuration and appearance that Architect use it in Sustainable Construction to 

redecate the Environmental effect and to establish a complete constructing experience 

in Architectural Field ,in the same Time it been the Basic stone effected the nature by 

reducting  its recourses continually , and thrown Tons of Wastes in Trash areas on the 

Roods Edges, Resulted the abuse of Hectares of Agricultural lands . this Dangerous 

Trashes accumulated without any treatment in most of Countries , that Generate 

Negative reaction Power upon this Environment ,because of Chemical Interactions of 

This materials (Trashes)between each and other.  

Therefore , The study directed in its Problem to Illustrate the Identity and 

Nature of Projected Power that Causes the accumulation Tons of Materials , and 

Resulting the action of Change in Material and the Natural of Reaction Generated 

from Material that Causes Pollution .Research aims to put Sustainable Building (in the 

point of view of Material that constructs it) in front of nature of Forces that causes 

Material Change and Changes Through the Running Time of Building age and so….to 

Have a Wide Lines on Effected Forces of the same Materials that used in Buildings 
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and causes Environmental Pollution , Today used in the Sustainable Buildings but in 

the Form that Reeducate the Environmental Pollution of it. 

The Research based on the study of Power's Nature That effected materials 

and influenced by , and its effects on the Environment system, to be the case study of 

this study. 

 :خلاصة البحث* 
باتػت يػا انوػت ات ارة ػرة ة ػلحف انعلػاظ احػػا ةيػادر انب يػف انطب ة ػف انتايػبف ة ر ػا   ػػر ح     

ةػر  لةػف اعػداةا يػا ة ازتػف ةيػادر انب يػف انطب ة ػف  ار,   جاء ن يع ةطا  يايلا  ب ف عد ف
يجانػػت . إلا أف أةطراةػػا انعػػد ةػػف السػػار انوػػحب ف انةت نػػدة احػػا تحػػؾ انب يػػف, يػػا تيح ػػؿ اوػػت لان ا

ب ػػدؼ انةعايظػػف احػػا  ةةةار ػػف عد سػػف  أيلػػارن يػػع يػػا ةجػػاؿ انةةػػارة وػػت ات انةبػػرة انط  حػػف 
يتةةيػػػػػت انج ػػػػ د بةػػػػػا  ةػػػػرؼ ان ػػػػػ ـ باربت ػػػػػف ,  اوػػػػتداةت ا ةيػػػػادر انطا ػػػػػف  انةػػػػ ارد انطب ة ػػػػػف

ةػػػع انةعايظػػػف احػػػا  احػػػا انب يػػف انطب ة ػػػف نةوػػتداةف انتػػػا تةػػػد اربت ػػػف ذات انتػػاس ر ار ػػػؿ يػػػررا  ا
 .انج دة داةؿ اربت ف  انة اص انب ي ف

نةلػػػػ ف اروػػػػاس نحت ػػػػل ؿ انػػػػذي  ةتةػػػػدم انةةةػػػػاري ن ت ػػػػاء انةوػػػػتداـ انةػػػػادة اػػػػا   بةػػػػا إف     
(Sustainable Construction )  ػػف ةتلاةحػف انةػ اص يػا ةجػػاؿ انةظ ػر ني ػاـ تجربػف بتاي 

انػػذي أسيػػؿ لاتػػت وػػابيا   لا تػػزاؿ تةػػد عجػػر اروػػاس  انةػػادة نلػػف. انةةػػارة  تيح ػػؿ انيػػرر انب يػػا 
يا ةلبات الإت اي ف أطتاتا  ةف انةةحلات لااؿ انطب ةف باوتيياؿ ة ارداا بي رة ةوتةرة نتطرح 

الإت ػػاي ف اػػذم انةػػ اد  .انزراا ػػف ن لتػػارات ةػػف اررايػػا اوػػت لاؿانتلا ػػات  احػػا عػػد د انطر ػػات   
ةةػا   نػػد  ػػ ة رد يةػؿ وػػحب ف احػػا تحػؾ انب يػػف تت جػػف , انةطػرة تتػػرالـ د ف ةةانجػػف يػا ادحػػب انػػد ؿ

 . انةتبادنف نتحؾ انة اد ةع بةي اانتلاالات 
نػػذا ت ج ػػت اػػذم اندراوػػف بة ػػلحف ةلاداػػا ت يػػ   ةاا ػػف  طب ةػػف انيػػ   انةوػػحطف انةوػػببف        

 اػػفانةت نػػدة انػػداةحا  انةعدسػػف نلةػػؿ انت  ػػر احػػا انةػػادة  طب ةػػف رد انلةػػؿ , اف انةػػ اد نتػػرالـ أطتػػ
ةػػف ج ػػف انةػػادة انداةحػػف يػػا  نت ػػدؼ اندراوػػف إنػػا  يػػع انةبتػػا انةوػػتداـ .ةوػػبب نحتحػػ ث انانةػػادة 

, مةػا بةػدانت   حا   انةوببف نت  ر  ت   ر انةادة ةلاؿ يترة اةر انةبتا انةل ف إت اءم أةاـ اني   
انيػ ة انةػؤسرة احػا انةػادة تلوػ ا انتػا لاتػت توػتةةؿ يػا اربت ػف ةط ط ار يف احػا  ن ل ف ند تا

 ان ػػ ـ توػػتةةؿ يػػا انةبػػػاتا انةوػػتداةف نلػػف بيػػلف ةيححػػف نحتحػػ ث انب يػػػا انب يػػا  انةوػػببف نحتحػػ ث 
 .انتاجـ ات ا

ة  انةتاسرة ب ا  تاس رات ا   د ااتةد انبعث يا اذا احا دراوف طب ةف اني   انةؤسرة احا انةاد     
 . احا انةتظ ةف انب ي ف ن ل ف أواس انطرح انتطب يا ن ذم اندراوف
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 :المقدمة *
اةح ػػف تيح ػػؿ تػػاس ر انب يػػف انة ػػ دة احػػا انب يػػف انطب ة ػػف  تعوػػ ف يةان ػػف انةبتػػا نيػػةاف  إف      

يػػانةبتا انةوػػتداـ اػػ  ,اةف ةتبػػر انةييػػد ار ؿ نلاوػػتد فانةوػػتيبح ع ػػاة ذات جػػ دة اان ػػف ن ج ػػاؿ 
يػا  للاءتػهب تة ػز ي, انطب ة ػف للػؿانيػارة احػا انب يػف  انتػاس راتانذي  ل ف نه ا ؿ ةا  ةلػف ةػف 

بةادتػػػه انةوػػػتةةحف  (Pollution)يػػػا تيح ػػػؿ انتحػػػ ث  للاءتػػػهةيػػػادر انطا ػػػف انةتجػػػددة ةػػػع  علػػػظ
( 4-9. ص,تيػة ـ انةبػاتا الاوتداةف يػا, بف عو ف) . انتية ة ف  انتيت ف انةتلاةحف  اروان ب

(Lawson,1989,p.161( )Mol,A.P.J.,2001,p.43 ),  ةعػا ر  احا الاوتداةفي ـ ت بذنؾ
 :ارتاةةتحلف ت ةؿ 

  انةبتا انةيةـانة  ع  اررض انةةرات ف انة  د اح  ا . 

  بيػػػر رة  يػػػع تيػػػاة ـ ةتلاةحػػػف  ذات يايػػػدة يػػػا ج اتػػػب , الابتلػػػار  انتيػػػة ـ انةةةػػػاري
ةتظ ةػػف ا ل ن ج ػػف  ةسػػؿ انةبتا يػػةف انة  ػػع يػػ.يا انتل  ػػؼ  انتيػػة ـ انػػداةحا  الإت ػػا, الإتػػارة 

 .ةةطط انةبتا نتد  ر انطا ف بللاءة  أواس (Accommodation)ةلاؿ جةؿ انةلايةف 
  أي للػػػاءة ,بتػػػا انةت ػػا  احػػػا انب يػػف انطب ة ػػػف بتيح ػػػؿ ارسػػر انوػػػحبا احػػا انة, إدارة انطا ػػف

 (.Energy)ةع للاءة طا ف انةيدر (Renewable Resources) ةيادر انطا ف انةتجددة

 ج دة انب يف انداةح ف. 

 انتػػا تيػػع تعػػت طايحػػف اوػػتةداـ ةػػ اد  ةػػ ارد طب ة ػػف ةػػع انةتا ػػف , إدارة انةػػ اد  انةةحلػػات 
      .بد رة ع اة انةادة يا انطب ةف بتعو ف تحؾ انةادة

 انتيت ات ان  اي ف انةارج ػف نحةبتػا ةػع  (Form)تتادـ ةع  ات ف علظ انطا ف ان لؿ   اتا      
اػػػادة ن  ػػػةاعيت ظػػػؼ انةػػػادة ذات انيابح ػػػف احػػػا انةػػػزؿ انعػػػراري  الاتةلػػػاس  .  ارنػػػ افانةػػػادة    ا 

 تعت  ات ف انعلاظ احا , نتي ـ بعلظ انداةؿ اف انةارج  بان لؿ انةطح ب , ت ج ه  انت ت تان
 (.Lawson,1989,p.152)انطا ف 
 اػػا انةظ ػػر انػػذي  ةتةػػد , تػػا أف انةػػادة اػػا انةلػػ ف اروػػاس نحت ػػل ؿ انةةةػػاري إف ةةريت     

 ي ةف ةةريف ةعا ر الاوتداةف  ربط انتية ـ انةةةار , انةةةاري ي ادته ن  لؿ انب يف انةةا ف 
,  طب ةف انب يف انداةح ف انتػا  ع   ػا  وػبؿ تيح ػؿ انطا ػف بانةػادة انتػا تػدةؿ يػا انةت ػا انةةةػاري

 طب ةػف تاس راػا إذا ييػدت ةياييػ ا احػا انة  ػع  انتيػة ـ إذا نػـ , اوػتةداة ا  ةلات ػا  طر يف 
 ةتبر ةع را  ة ةا  وحط اني ء احا ةاا ف اػذم انةػادة اتػدةا , رااا ةلاف  ية ا  ةيايي ا 

 .ألدت اح ه الاوتداةف تل ف ةع را  أواو ا  
 :هدف البحث ومشــــكمته*
 تتجود يا  ابح ف انب ر يا زةاف  ةلاف ةة ف احا تتل ذ انتتاج إف ةاا ف انيطب انةادي        
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ع ث تتلااؿ الإةلاتات انتلت ن ج ػف  انةةريػف انةةح ػف  ان وػايؿ , انةةةاري  يؽ اروح ب انةت ير 
انوػػدةاف )انتيت ػػف  طر يػػف ت ز ػػع انةةػػؿ  أوػػان به نت ػػلؿ انوػػبب نتعي ػػؽ اريةػػاؿ يػػا انةػػادة انةػػاـ 

ياني رة اػا , نتحؾ انةادة (  اا عانف)ةع ي رة  (اا ةعؿ)انةاـ ادة اذم انة(.19.ص,9555,
ع ث ت  ةف اني رة احا ذات انةادة بتاس ر   ة تلةؿ يا انةػادة , انةحف انتا تةطا نحةادة ان ج د 
نلةػػؿ )انةػػادة  ػػلح ا  تت جػػف نوػػ طرة  ػػ ة ةارج ػػف ةؤد ػػف  ؽ بإةلػػا ,يةػػؿ انت ػػل ؿ انل ز ػػايا انظػػاار

 ةةػا  ػد توػببيتبيا  تحؾ انةادة ةرتبطف ةع ةتظ ةف انعيػ ؿ انةل تػف ن ػا ( اح  اانت  ر انةارجا 
ةلتبػػػف ", ابػػػف وػػػ تا)أسػػػارا  وػػػحب ف احػػػا انطب ةػػػف انةع طػػػف انةتتة ػػػف إن  ػػػا تحػػػؾ انةػػػادة بةػػػر ر انػػػزةف

بتػػاء تظػػاـ ب يػػا ةػػادي  لػػ ف ةيػػع با  بتتػػ ع ي (. 54.ص,9991,انعج ػػات( )48.ص,"انلتر ت ػػف
يبةػد إف لػاف  ةتيػد بػاف إةلػاؽ انةػادة اػف أداء د راػا ,  نتاتجف ةف أت ػطف انبتػاءلب ر ةف انة اد ا

أيػبعت ألاف تيػتؼ احػا أت ػا ,  (Inert Materials) ان ػلحا  ةلػف أف تيػتؼ لةػ اد ةاةػدة
ةػػػػػػػػػػػػادة وػػػػػػػػػػػػة ف  ةلػػػػػػػػػػػػف إف توػػػػػػػػػػػػبب ةةػػػػػػػػػػػػاطر جوػػػػػػػػػػػػ ةف احػػػػػػػػػػػػا يػػػػػػػػػػػػعف الإتوػػػػػػػػػػػػاف  انب يػػػػػػػػػػػػف 

 (. 999.ص,9994,انو اط)
وتوػػتتزؼ لة ػػات يػػةةف ةػػف انةػػ اد انطب ة ػػف   ػػف انةدة ػػف  انيػػتاا فانةةةار ة ػػار ع انأف      

 ػ ة انةػادة احا انب يػف ارـ ةوػببف إنػا تػرابط ( تلا ف)نتة داا بةد اتت اء اةراا انزةتا لاسر وحبا 
, . (ص,9994,انوػػ اط) ةػػع  ػػ ة انةتظ ةػػف انل ت ػػف ةةػػا  ػػؤدي إنػػا تتػػايق وػػحب ف لا تعةػػد ايبااػػا

 : لحتا انبعث  يؽ ارتا  بة جب ذنؾ تـ تعد د ة
 انتػػا  ػػد اتطػػ ت تعػػت  يػػع ةطػػ ط ار يػػف احػػا عجػػـ انة ػػلحف , ة ػػلحف انبعػػث انةاةػػف     

ع ػػث تحيػػا انيػػ ء احػػا طب ةػػف انتػػاس رات انوػػحب ف انةت نػػدة  , انة ػػددة نحب يػػف يػػا انةػػادة انة ػػلحف ن ػػا
انةوػػببف نحتحػػ ث  يػػتاا فانةػػ اد انةةتحلػػف نحة ػػار ع انةدة ػػف  انجػػراء اوػػتةرار تػػرالـ , يػػا انةعػػ ط

احػا طب ةػػف انيػ ة ان ج تػف نحعيػػ ؿ  يػػت  أيػؽ نحتةػرؼ ي ػا,  ة ػػلحف انةايػفانأةػا .انب يػا انةوػتةر
ةػػؤسرة  ةتػػاسرة إنػػا الاوػػت تاء ات ػػا لل ػػاف ي ز ػػايا انةةل ػػف  راء انةػػادة ةػػف اوػػتةراج ا  ت ػػل ح ا 

ةيػايص انةػادة انةت  ػرة انتػا  ة اج ػف : ن ل ف ادؼ انبعػث .بانب يف انةع طف  انة  ع الإ ح ةا 
انةبتػا انةوػتداـ انةوػتةةحف لإت ػاء تلوػ ا ةػادة انةػع , ةف ج ػفاحا انب يف توبب انتح ث انةوتةر 

  .اح ه الاوتداةف ألدت ا  ة ةااحا انب يف ةع ر  انيررانذي  ةد اوتةةاؿ ة اد  ح حف ,
 : وة ــــــالق  *

انتػا  ادةػ اػا تػرتبط بة ي ن ج ػا انةػ, ر انطب ة ػف تةرؼ اني ة بل ت ػا تتػاج  ةعيػحف انظػ اا      
أ   جػذب  ع اػا تػاس ر  ػدي, تتتا ؿ انةل  ـ انػد تاة لا انػذي  تةاةػؿ ةػع تلوػ ر ةيػطحعات انيػ ة

تػرتبط انيػ ة ارتباطػا  س يػا بلػؿ انةةح ػات انطب ة ػف  اػا تتػرا ح ةػف . انةادة ي ؤدي إنا ت ن د عرلػف
يػ   انذر ػف انيػ  رة إنػا  ػ   انجاذب ػف انيػةةف انة جػ دة ع ث عجة ا ب ف اني   انيػي حف يػا ان
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ذا ت  ػر , إف انيػ   لة ػف ة ج ػف بةةتػا إف ن ػا عجةػا  اتجااػا  ةة تػا  . ةا ب ف انل الػب  انتجػ ـ  ا 
آؿ )( Thompson,1975,pp.14-270)يوػػػػ ؼ تلػػػػ ف انيػػػػ ة اريػػػػف نحت   ػػػػر, اعػػػػد انةلػػػػ ت ف 

 ( .ة  ع انلتر تا,9992,ت  اف
ا  اػا  ػ   وػار ف يػا ارجوػاـ انتػا تعلػظ لةان ػ, ابف و تا اني ة إنا سلاسف أت اع    د  وـ      

ذا زانػػت اػػف ة يػػة ا انطب ةػػا  أ ػػلان ا  أع ان ػػا يػػا أ ػػلان ا  ة ايػػة ا انطب ة ػػف   أياا ح ػػا  ا 
أاادت ا إن  ا  سبتت ا اح  ا ةاتةف إ ااا ةف عانف انػلا ةةريػف إنػا انتوػة ر نتوػةا انيػ   انطب ة ػف 

انساتا ي ا اني   انيور ف انتا تلةؿ يا ارجواـ أيةان ا ةف تعر ػؾ أ  توػل ف  علػظ  عةا انت  أ. 
رادة انةتج ػػف ب تةػػا انتػػ ع انسانػػث ةػػف انيػػ   يوػػتل ف تحػػؾ انتػػا تلةػػؿ يةح ػػا لا ب نػػف بػػؿ بػػالإ, تػػ ع 

  .( 44.ص,"ةلتبف انلتر ت ف", ابف و تا) نتوةا تلوا  يحل ف
 :  المادة *

ن ػا يػ رة تعػؿ ب ػا نحظ ػ ر إنػا انػرأي يت ػلؿ  فدة انةوػتةرجف ةػف ةيػادر انطب ةػإف انةا      
 تيػػاطع الاةتػػداداف , م انةػػادة ن ػػا أبةػػاد سلاسػػفاػػذ اف , لػػؿ ةػػا اػػلا احػػا وػػط  اررض ةػػف ةت ػػا

 بانتػانا   حػب ,  ار ن اف بزا  ف  ايةف أةا الاةتداد انسانث ي ياطع ار ن اف احػا زا  ػف  ايةػف أ يػا
إف انةػػادة لا تتةػػر  اػػف انبةػػد انػػذي ي ػػه تلػػرض اربةػػاد انسلاسػػف  لا   جػػد . نل ز ػػايا نحةػػادةان جػػ د ا

, انبةد احا اته جزء ةف  ج د انةادة بؿ اا ةارجف اف ذات انةادة  اف لاتت عانت ي  ػا ةيارتػف
ي  ػه  اف انبةد ن س بذات انةادة بؿ اا ةوتةدة نيب نه  بانتانا يانةادة ةوػتةدة نيبػ ؿ انعجػـ يةػا 

يػ ةلف نحةػادة الاتليػاؿ ةػف ذات ػا إنػا ةػادت ف سػـ ةةػا دة ,  ةا د ته  الاتتياؿ ةف عجـ إنػا عجػـ
ي ػزداد انع ػز , توػت ح ا انةػادة  االاتعاد د ف ة لحف يػا ذات ةػا ألا ةػف تاع ػف اربةػاد انع ز ػف انتػ

 ةتػػا ز ػػادة انعجػػـ تت جػػف نتةػػاتع أبةػػاد انةػػادت ف بانطبػػاع يانبةػػد   جػػب انةيا ةػػف   ةتػػع انتػػداةؿ   
  طحػػػؽ احػػػا يػػػ ادف انةػػػادة ارواوػػػ ف . اريػػػحا ي يػػػب  البػػػر ةػػػف عجػػػـ انةػػػادت ف انةتلا  تػػػ ف

 بػػذنؾ ي ػػلؿ ان ػػاء يػػػ رته , يانجاتػػب انةعوػػ س أ  انبػػػ ف ةػػف انيػػ رة  ػػداا  ػػػللا ,  ػػللا    
 بانتػانا يان ػلؿ اػ  ت ػاط لػؿ . يػ رم: تيػ ر  ػلحه:  ت لؿ ان ػاء , انةعو وف أ  انةت اةف 

ي تـ اتجاز لؿ يةان ػف ةػف ةػلاؿ ان ػلؿ , (Action Principle)ادة لاةحف   ةسؿ ةبدأ انلةان ف ة
,  انذي  ةلف جةحه عايرا  بةواادة انطب ةف انل ز اي ػف   ةػد عػلا  نة ػلحف ةة تػف  عػدداا انةعػ ط 

 اتػػد انػػتلحـ اػػف اةح ػػف انتيػػة ـ لا  جػػب ةتا  ػػت ا ل ػػلؿ ةتليػػؿ ن عػػدم بػػؿ ل ػػلؿ ةػػع ةادتػػه 
ةلتبػف ", ابػف وػ تا).ع ط إذا ت  ر أي اتير ةف اتايػرم ةلف نه أف  ت  ر   تاسر بانة,  طه ةع

-Fischer,1963,pp.116( )9.ص,1995,   دتجػػػػػ) (102-101, 83. ص,"انلتر ت ػػػػػف

117( )Alexander,1967,pp.15-16.)  
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 : الإنشائية  المادة -
 إت ػايا اتةػ ذج ي ز ػاي إنػاانةوػبؽ اري انةةةػان و ط انذي  ع ؿ انتةط انللري  تةد انةادة      

نحت حػػػػػب احػػػػػا انيػػػػػ ة انةػػػػػؤسرة احػػػػػا انةبتػػػػػا  انةت ػػػػػا  ةةػػػػػ ف إت ػػػػػاياةحةػػػػػ س  تعيػػػػػؽ ي ػػػػػه ةبػػػػػدأ 
(Structure ) تتعيؽ اةح ػف انتع  ػؿ نحةػادة إنػا  ػلؿ ةػادي باوػتتزاؼ  ػ ة .  يؽ تةط ط ةة ف

انب يػف بػذنؾ انل ػاف  يتتػاسر , ػازاتةف انتظاـ انب يا ةع ة ارد ةوػتةرة ةػف انةػادة ار ن ػف  انةػاء  ان
ي ػ   تػاسر  ,ان ػلؿ انجد ػد يػا لػؿ ةراعحػه أ انةياؼ  تؤسر بد راا انب يػف احػا انل ػاف انل ز ػايا 

ابػػف )(12.ص,9555,انوػػدةاف)ةػػف انيػػ ة  أةػػرف   ػػؤسر ب ػػا بتػػ ع طبانب يػػف ةػػف ع ػػث انيػػ ة انةوػػح
 (. 994.ص,9994,انو اط)(84.ص,"ةلتبف انلتر ت ف", و تا
 ةف سػـ ربػط ,  اني ة انةوحطف اح  ا انةادة  الإت اي فةيايص انةادة نذا يو تـ انتةرؼ احا     

 .تاس ر تحؾ اني ة ةع انتظاـ انب يا ب لؿ ةتبادؿ 
 : الإنشائية  المادةخصائص  -

 نلت ػػا تت ػػػابه بإةلاتات ػػػا يػػػا, تةةحف ةػػف  اعػػػدة إنػػػا أةػػػر  ػػػػػتةتحػػؼ ةيػػػايص انةػػػ اد انةو      
 يػػاني ة انةوػػحطف احػػا انةتظ ةػػف ان ػػلح ف نحةػػادة تت  ػػر  تةتحػػؼ. يػػ ة انةػػؤسرة انةارج ػػفحنةيا ةػػف ان

ةلات ػػػػػػػف تيبحػػػػػػػه نحت  ػػػػػػػر  بعوػػػػػػػب طب ةػػػػػػػف انلةػػػػػػػؿ انةوػػػػػػػحط أنػػػػػػػدايةا أ  انةؤ ػػػػػػػت لت ػػػػػػػف ان ػػػػػػػلؿ  ا 
للةػػؿ انيػػ ة انةوػػحطف ةػػف يانةػػادة بتةاةح ػػا ةػػع انةعػػ ط انةػػارجا انب يػػا تتيبػػؿ انت  ػػرات .انةوػػتةر
ةيا ةػػف  عيػػؿ أي ,  انةوػػحطف نحيػػ ةالاتيػػانا   أانت  ػػر الاتليػػانا نلةػػؿ داةحػػا بػػرد يةػػؿ انب يػػف 

انػػػػذي  تةػػػػرض نػػػػه  ػػػػلؿ انةتايػػػػر ( Deformation)تػػػػداا الاتعػػػػراؼ داةح ػػػػف طب ة ػػػػف نحةػػػػادة 
 ةػػ د انتػػرابط انػػداةحا ن ةتلػػا وػػرااف ةػػا ي ظ ػػر ت  ػػر بوػػ ط نحترت ػػب انػػداةحا نحةػػادة  ,الإت ػػاي ف
 لةسػاؿ.Elastically Materials )  )ةػادةنايػ ف انةر تػف باةانةػؤسرة ن بةجػرد ز اؿ انيػ ةنحةػادة 

تةحػػػؾ ارنةت ػػػ ـ , انلػػػ لاذ, ارجوػػػاـ انتػػػا تةتحػػػؾ  ػػػللاا وػػػتات ل ا لارجوػػػاـ انيػػػحبف ةسػػػؿ انعجػػػر 
ذا ةػرت بتلااػؿ ,أي عانف ةػف انيػلابف  (Perturbations)ي ف ادـ انعواو ف نحت  اات اة  ا 

بيػػا ةتةاسحػػف  ػػػلح ا ةػػع تلوػػ ا بانتػػػاس ر احػػا اوػػتيرار ت ا انترل ب ػػػف ةػػع ةتظ ةػػات ةارج ػػف يإت ػػػا ت
(Structural Stability  ) بطر يػف ( انػذرات)يتجتةػع ارجػزاء ار ن ػف نحةػادة د ػر انيابحػف نحتجزيػف

  عيػؿ  ػػ ة انت   ػر تت جػف إاػػادة انترت ػب انػذري انػػداةحا نحةػادة بطر يػف ة ػػا رة نةػا لاتػػت  ,ةة تػف
 نلػف  ةلػف أف . احػا انةػادة ةوػحطفف انةتظ ةف ان لح ف لرد يةػؿ نيػ ة انت  ػر اناح ه ي ةاد ي اد

بوػبب ( Elastic Range)أي تيػؿ إنػا عػد انةر تػف تةجز انةادة اف عانػف الاتػزاف انطب ة ػف 
إنػػا  ػػ ة ةلةػػ ؿ ب ػػا نلةػػؿ بػػدؿ ةػػف ل ت ػػا ةيا ةػػف نحجوػػـ انتػػاس ر انةتزا ػػد نحيػػ ة  يتتعػػ ؿ  ػػ ة رد ا

                                                 

فنيَا ماّج قٍَت , حشحبط بَؼاٍو اىَشّٗت,ًٕ دسجت اىخغٍش فً شنو اىَادة بفؼو اىق٘ة اىَسيطت ػيٍٖا6 اىظلابت 

 (.15.ص,9555,اىسذخاُ)ٍٗزاه رىل اىف٘لار ٗالأىًٍَْ٘ ٗاىحجش . ٍؼاٍو اىَشّٗت ػاىٍت ماّج اىَادة طيبت
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يتتيػػرؼ انةػػادة اتػػا . ظػػااري انل ز ػػايا ةػػؤسرا  احػػا انةتظ ةػػف ان ػػلح ف اريػػح ف ي ت  ػػر ان ػػلؿ ان,
  تتاوػػػب انت ػػػ  ه ةػػػع ةيػػػدار انيػػػ ة , يتبيػػػا انةػػػادة ة ػػػ اف , بػػػدؿ انةر تػػػف ( Plasticity)بحداتػػػف 

ب ػػػلؿ د ػػػر سابػػػت يتػػػزداد بوػػػراف بةلا ػػػف طرد ػػػف   وػػػتةر لت ػػػ م عتػػػا بةػػػد ز اؿ انيػػػ ة انةوػػػحطف 
بح د ػا تيطػف انةيػ ع تتعػ ؿ ةػف يػلف انةر تػف انتػا تعوػب نحةػادة تةط ط ػا  انةادة بي.انةوحطف 

ز ػػادة نػػؾ ذلةسػػاؿ احػػا . ةػػف  بػػؿ انةيػػةـ يػػا انةت ػػا إنػػا يػػلف انحداتػػف انتػػا تةػػد ت ػػ اا  نحةػػادة 
تػػاـ انةلػػاؽ ةػػا  ةػػرؼ بالإ أ نداتػػف تػاس ر  ػػ ة انت ػػ  ش انةوػػحط احػػا انةػػادة الإت ػػاي ف ي عيػؿ ن ػػا 

ةلتبػػػف ", ابػػػف وػػػ تا) (.9- ػػػلؿ ),حةػػػادةانػػػداةحا ن اوػػػتيرار ف  ػػػ ة انت   ػػػردـ ات ػػػادي تت جػػػف اػػػالا
 (Alexander,1967,pp.15-16) (9.ص,1995,جػػػػػػػػػػػػػػػػػػػػػػػػػػ دت) (84. ص,"انلتر ت ػػػػػػػػػػػػػػػػػػػػػػػػػػف

. ص,9555,انوػػػػدةاف) ) (Thom,1975,pp.19-102( 21-28, 54. ص,9991,انعج ػػػػات)
14-15 ).  
 

 
 (انباعسف)لممادة ( الفشل الإنشائي)والتغيير الشكمي  حالة الثبوت( 1-شكل)

 (21-28,  54ص,9991,انعج ات ( )15-14.ص,9555,انودةاف: )اف ةيدر 
 (44.ص,ةلتبف انلتر ت ف,ابف و تا)

 نةػػادة نةيا ةػػف أتػػػ اع الإج ػػاد انػػػذيبتػػػ ع انةػػادة  ػػ ير  ػػػدرة داةح ػػف يػػػا ا ؽانتلل ػػر انةوػػبإف      
 (.11.ص,9555,انودةاف ) فت ف ان لؿ تت جف ن ج دم يا انب يب توببه اني ة انةؤسرة احا

                                                 


اىَخقبو ىنو اىشنو اىَخط٘س  ًٕٗ ضشٗسٌت ىخقبوىيَادة بؼ٘اٍو داخيٍت خاطت  تٍشحبطئُ اىخغٍٍش طفت   

طفت خاسجٍت ٍشحبطت باىؼ٘اٍو أٍا اىخغٍش فٖ٘ ,اىخغٍشاث اىخاسجٍت ٗاىَلائٌ ىؼظشٓ ٍٗ٘اد بْاء اىبيذ اىَْشأ ػئٍ 

حشحبط ٕزٓ , اىخاسجٍت اىخً ححاٗه ئحذاد اىخغٍش ٗاىخً حظٖش ػادة ػيى ٍا ٌَنِ سؤٌخٔ ٍِ اىَبْى اىَؼَاسي

 (.54.ص,9991,اىحجٍاث)ِ خلاىٖا ٌظٖش حأرٍشٕا اىظفت بنٌ ّٗ٘ع اىَؼيٍ٘اث ٍٗ

 (ئخفاق حاً)فشو ئّشائً 

 ئضافت أٗ اسخقطاع جزء 

ى حغٍش اىَْظٍ٘ت اىشنيٍت ٌإدي ئى

 اىنيٍت اىظإشة

 نعًم انخشكم تفعم قىة يسهط
 نخغٍٍر انخشكمفعم قىة يسهظ 

 أيب

انًبدة يع صىرحهب انظبهرة 

 قبم حشكههب انًطهىةنهًخهقً 

                                                       انصٍبغت انشكهٍت نهًبدة

 أو

رب٘ث اىَادة حٍذ ٌَنِ ىٖا قب٘ه حجٌ فَا ف٘قٔ 

ٍِ حجٌ ئىى أخش بشغٌ حغٍش  هٗالاّخقا

 اىَْظٍ٘ت اىشنيٍت ىؼَو خظائض جذٌذة

 (حبنت انهذاَت)

 (حبنت انًروَت)

 نفعم انًسهظ ا)ت ٍحعًم يُظىيت انًبدة يع انبٍئت انطبٍع

 (هًبدةرد انفعم انعبدي ن+ 



 أَفبل يؤٌذ                                                                                  حقىل انقىة انخـفٍت فً انًبدة انًسخعًهت فً انًببًَ
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ةيػػايص انةػػادة تت  ػػر اتػػد اػػدـ  ػػدرة انةػػادة احػػا تعةػػؿ انيػػ ة انةوػػحطف ةػػف أف  لاعػػظ  نػػذا     
ةةػػا  وػػبب , نةر تت ػػا انيح حػػف أ  لاف انيػػ ة انةوػػحطف البػػر ةػػف ةةاةػػؿ انةر تػػف نػػد  ا اح  ػػا انب يػػف 

 .ا  ي لا  لح ا  بانتانا إت اي 
 
 : يضمن حدود العمر الزمنالإنشائية الأداء الوظيفي لممادة  -
 ,إف انةادة تبيا تعةػؿ يػ رت ا انظاار ػف انتػا يػادت ا أ ػدي أربػاب انةةػؿ ةؤد ػف ن ظ لت ػا     

 ةتليػػػػػػف يػػػػػػا انةةػػػػػػاتا ( Syntaxرةز ػػػػػػف )ع ػػػػػػث تتػػػػػػداةؿ انػػػػػػتظـ انةاد ػػػػػػف ةياوػػػػػػةف ن ػػػػػػف ااةػػػػػػف 
(Meaning  )انتػا تةةػؿ لةةتػارات نحوػح ؾ نتػا ت  راػا داةح ػا   انةيي د اتد انروػايؿ ا     ( 

(Manor Selectionنلػػف  ةلػػف أف . رد د انلةػػؿ تجػػام ت  ػػر عانػػف انةتػػاخ انةارج ػػف انطب ة ػػف
 بانتػانا تتجػا ز انةػادة ببياي ػا ةطػا  اعةػر  ػد ةػط ,تعيؿ عانف اتت اء انةةر الا تيادي نحةبتا 

أ  انلةحا نحةبتا انذي  ةلف أف  ل ف أطػ ؿ ةػف ( age Physical)ن ا ألا  ا  انةةر انةادي 
  ةد تعت طايحف إدةاؿ ةت ا ةػادي إنػا انتظػاـ انب يػا ةتيػةف . انةةر الا تيادي نذنؾ انةبتا 

وحوحف انتلاالات انةتبادنف انةوتةرة عتا تتـ إزانف ذنؾ انةت ا ةف ع ػز انب يػف انةةةار ػف انةةرات ػف 
م انةادة انةل تف ن ذةع اعتةان ف اوتبياء اةر  ,ة ع انةةحلاتن ترالـ لةةحلات يا ع ز ةتاطؽ تج

 ةةػػا  ؤةػػذ بالااتبػػار ,  عػػد د انطر ػػات بانتػػانا تتػػرالـ انةػػادة يػػا ةوػػاعات اررايػػا ان اوػػةف .
 ةانل ز اي ػػف د ػػر انةتظػػ ر  رعجػػـ انةػػادة انةترالةػػف انل ز اي ػػف ل جػػ د وػػحبا إيػػايف إنػػا السػػار د ػػ

 ف ر ةبا رة آت ف   ةوتيبح ف تاتجف ةف ت  ر ةيايص انةادة انل ة اي ػانةؤسرة بي رة ةبا رة أ  د
 – ػػػػػػػػػػػػػػػػػػػػػػػػػػػلؿ ),  ت نػػػػػػػػػػػػػػػػػػػػػػػػػػػد الاتبةػػػػػػػػػػػػػػػػػػػػػػػػػػػاث انيػػػػػػػػػػػػػػػػػػػػػػػػػػػار  عجػػػػػػػػػػػػػػػػػػػػػػػػػػػـ انتحػػػػػػػػػػػػػػػػػػػػػػػػػػػ ث انةتوػػػػػػػػػػػػػػػػػػػػػػػػػػػبب

 (Stitt , 1999,p.43)(98.ص,2005,ػػػ اتػػانعج()144.ص,2007,أنبػػػػػػدري, ػػػػػػػاا ف).(2
 . ص,2004,انو اط ) (206, 15-14.ص,2006,أنبدري)

 أ ,  الإت ػػايا ةػػف سػػـ ان ػػلحا    الإةلػػاؽتت جػػف  أةػػاي ػػؿ انةػػادة  لػػ ف  إفلاعظ  بانتػػانا يػػ      
 اح ه تبيا بةػض انةػ اد ل ػلؿ  . ظ لته ي ح ا ةف ع ز ان ج د  باداءبوبب اتت اء اةر انةبتا 

 .ن ظ لف ةة تف أداي ايا ع ز ان ج د د ف 
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 لفيزيائية والكيمائية لممادة خلال العمر الزمني المقررثبوت وتغير الخصائص ا( 2 -شكل ) 

-91.ص,9992,نجتف يا  زارة انترب ف انةرا  ف( )992, 91-94.ص,9992,أنبدري)اف ةيدر  (انباعسف) 
 (989-994.ص,9994,انو اط( )94

 
 : صناعية المادة كنفاية   -

 تيػػػػؿ   ةت ػػػػا , ف تةػػػػد انتلا ػػػػات انيػػػػتاا ف انيػػػػحبف ةػػػػ اد ةةيػػػػدة انترل ػػػػب  د ػػػػر ةتجاتوػػػػ
 ةػػف سػػـ  ػػتـ انػػتةحص ةت ػػا بااتباراػػا ةةحلػػات , الا تيػػاد ف اػػف تلحلػػف جةة ػػا لإاػػادة اوػػتةداة ا

نلػف بةػض اػذم , لا تيتير ية بف انتةحص ةف انةةحلػات انيػحبف احػا عجة ػا انيػةـ.ن تتاج
لػات انبتػاء انةةحلات ةسؿ انةحب انةةدت ػف  تلا ػات انبلاوػتؾ  ا الػؿ انوػ ارات انيد ةػف  لػذنؾ ةةح

ت  ػر انةيػايص انل ز اي ػف ةػع سبػ ت أ  ت  ػر ) توتط ع ةيا ةف انة اةػؿ انطب ة ػف إنػا عػد لب ػر 
 نذا لا  ةلف انتةحص ةت ا بو  نف  تبيا ةف ةح سػات انب يػف انسابتػف انتػا , (انةيايص انل ة اي ف

انطا ػػػػف ) اب ػػػػلا تت  ػػػػر نوػػػػت ات اد ػػػػدة  انتػػػػا توػػػػبب أسػػػػارا وػػػػحب ف تاتجػػػػف ةػػػػف ز ػػػػادة عجػػػػـ الاتتر  
ع ػث لا  ةلػػف نحتظػاـ انب يػا انطب ةػا اني ػػاـ , انةت نػدة ليػ ة ةػؤسرة احػػا انةتظ ةػف انب ي ػف (انوػحب ف

انةتظةػػػف انةرب ػػػف نحتتة ػػػف انيػػػتاا ف ) ي وػػػبب تللػػػؾ أ ايػػػر انةتظ ةػػػف انةاد ػػػف انب ي ػػػف  ابانتعاة ػػػ
 (.984.ص, 9999,ا د( )9-9.ص, 9999, انتةد ف

 انعًر انزيًُ نهًبدة

اٍخلاك اىَادة حجَاً رابخاً 

ىيشنو اىخاسجً أٗ اىظ٘سة 

 اىخاسجٍت

رب٘ث اىظ٘سة 

 اىظإشة

 ٍغ

ٍْظٍ٘ت اىفؼو ٗسد 

 اىفؼو اىطبٍؼٍت

+ 

حظ٘ه حشٕ٘اث 

 بسٍطت

 ٍر انخصبئص انكًٍٍبئٍت نهًبدةـــــــــــعذو حغ

 رب٘ث الأٗاطش

 ٍر بسٍظ نهخصبئص انفٍزٌبئٍتـــــــثبىث أو حغ

 (ّتٍشٗ) حغٍش شنيً

وحصىل انخشىِ ً ئحغٍر انشكم انفٍزٌب

نًبدة خصبئصهب وحفشم فً ا فخفقذ

 أداء وظٍفخهب انخً لأجههب شكهج

اَخهبء انعًر انزيًُ نلأداء 

 :انىظٍفً نهًبدة َخٍجت

 انرغبت ببسخحذاد انًبدة

 نهًبدة انكًٍٍبئٍت حغٍر انخصبئص

قىة الأثر انسهبً َخٍجت حكىٌ يىاد 

سبيت ٌخفبعم يببشرة يع يُظىيت 

انبٍئت يؤثرة بصىرة يببشرة أو غٍر 

 يببشرة  أٍَت أو يسخقبهٍت 

اسخغلال يسبحبث الأراضً 

 يكببث انُفبٌبث لاسخضبفت

 حجى انخغٍر انظبهر

 حجى انخغٍر انظبهر

 قىة
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 :لممادة تفكك الأواصر الطبيعية  -
نة اةػػؿ انطب ةػػف  تػػاس رات  بػػان ج د لتلا ػػف  ةتػػا اوػػتةرار ف ةيػػ ع انةػػادةإف اوػػتةرار ف انةػػادة     

إذ بةجػػػرد إف تبػػػدأ انيػػػ ة ,(انتػػػاس ر انل ة ػػػايا) اػػػذا  ةتػػػا بػػػدأ ةرعحػػػف تللػػػؾ أ ايػػػر انةػػػادة , انة  ػػػع
نتبػدأ اةح ػف انت   ػر بانحةب احػا طب ةػف ار ايػر انةل تػف نتحػؾ انةػادة يإت ػا وػتةةؿ احػا تللل ػا 

 اػػػا اتتيػػػار يةػػػؿ انيػػ ة احػػػا رد يةح ػػػا انطب ةػػػا انػػذي لا  وػػػتط ع ةيا ةػػػف انيػػػ ة ي بػػػدأ , انداةح ػػف
تت جػػػف دةػػػ ؿ انةػػػادة انةتتيػػػاة ( عانػػػف انت   ػػػر انل ة ػػػايا)بعيػػػ ؿ تػػػ ع ةػػػف انتللػػػؾ بػػػ ف ار ايػػػر 

يػحبف أـ داز ػف ي عيػؿ ألاتت  تلاالا  ةع ةا ة ج د يا انطب ةف ةف دازات  ة اد ةترالةف و اء  
 ل ف ارة ر د ر ةوتير بوبب طا ته , ن ا ترت ب ييايا ةؤ ت ب ف ذرات ا  داا انةةيد انت ط 

) ,ن ةطا أةا انة اد انةتلااحف تلو ا يلا  عدث تلااؿ أ  ن ةطػا انتػ اتق, انةان ف ورااف ةا  تللؾ
 (.18-15.ص,2006,نجتف يا  زارة انترب ف).(3 – لؿ 

 

      
 مخطط يوضح المواد المتفاعمة والناتجة من التفاعل والمعقد النشط( 3 – شكل)

 (18-17.ص,2006,نجتف يا  زارة انترب ف) 
انداةحػػف ع ػػز انتلااػػؿ  انتػػا عيػػؿ ن ػػا ت  ػػر ي ز ػػايا  أةػػر ل ة ػػايا انتاييػػف  اح ػػه يانةػػادة      

 ػا  ترالةػت يػا ةتػاطؽ لا  ةلػف الاوػتلادة ةتة اد أةر   د أيبعت , انتاتق اف تللؾ أ ايراا 
تجة ع انتلا ات  بدأت اذم انة اد ةع ةا  وحط اح  ا ةف     تبث إنا انةع ط     ةف ت ع أةر 

تةػػد ةػػف انةػػ اد  ( (C6H6جز يػػف انبتػػز ف   لةسػػاؿ احػػا ذنػػؾ .اػػا وػػحب ف يػػا لس ػػر ةػػف ارع ػػاف
يػػا انةتػػاطؽ  انوػػاةف جػػدا  ع ػػث تةر ػػؿ ت ػػلؿ انػػدـ يػػا انتةػػاع انةظةػػا  انعػػد انةوػػة ح بػػه ةت ػػا

رة أةػػػر  ذرات ػػػا بػػػذرة أ  ألسػػػر ةػػػف ذ ةلػػػف نعحيػػػف انبتػػػز ف أف ت  ػػػر , (نتػػػر/ ةح ػػػـ  20)انيػػػتااف 
  ةلػػف ن ػػا تلل ػػػؾ أ ايػػراا تت جػػػف نيػػدرة ذرات انلػػػارب ف احػػا الارتبػػػاط ةػػع تلوػػػ ا أ  ةػػع د راػػػا 

تاتجف ةف انةةح ات يبةةح ف الاعتراؽ ان, بطرؽ اد دة ييد ترتبط بر ابط أعاد ف أ  ستاي ف أ  سلاس ف 
 أ ؿ (  C) انيػػتاا ف تتػػتق تػػ اتق اريػػ ف اػػا عيػػ حف انت  ػػر ان ػػلحا نحبتػػز ف ةتتجػػف  انلػػارب ف

ةػػع إتتػػاج طا ػػف اريػػ ف اػػا عػػرارة ( (CO2 سػػاتا ا لوػػ د انلػػارب ف  (CO)ا لوػػ د انلػػارب ف 
 (. 4 – لؿ ),ةت ندة ةف اةح ف الاعتراؽ 

رتػا أ لوػج ف اتػد لربػ ف ةجػا ر احػا لػؿ ذتعػاد ةػع أةا اتعاداا ي ةلف نعحيت ف ةف انبتػز ف الا
عحيػػػػػف ةػػػػػػف عحيتػػػػػػا انبتػػػػػز ف ن تػػػػػػتق ةرلػػػػػػب ستػػػػػايا انبتػػػػػػز ف ةتةػػػػػػدد انلحػػػػػ ر ةتةػػػػػػدد اند  لوػػػػػػ تات 
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(PCDD) رات لح رد ف  ةلف إف ذةتجاتس ب( 17)اانا انوة ة ف   ةلف اوتةرار الاتعاد ن تتق
نت ػػػلؿ ةطػػػرا  احػػػا , (5 – ػػػلؿ ( )فأي انة ا ػػػع ارعاد ػػػ( )8( )7( ) 3( )2)تعػػػؿ يػػػا انة ا ػػػع 

رات لح رد ف تولر اة ةا اف تيص ةحع ظ ذانيعف  انب يف يبز ادة الإعلاؿ ةف أربع إنا سةاتا 
برتػػاةق ارةػػـ انةتعػػدة ), ( 215-166. ص,2006,نجتػػف يػػا  زارة انترب ػػف انةرا  ػػف )يػػا انيػػدرة 

 (.9-6. ص,2004,"اتلا  ف بازؿ  وتل  نـ" نحب يف
 

 
 مركب ثنائي البنزين متعددة الكمور( 5 –شكل (    )C6H6)جزيئة البنزين (4 -شكل )    

 متعددة الديوكسينات                (  206.ص,2006,نجتف يا  زارة انترب ف)
 (6. ص,2004,برتاةق ارةـ انةتعدة نحب يف)                                                 

ع ز انتلااؿ  جف  دة ن ا تت أةر انب يف تيب  بةد يترة ةادة  إناانةادة انداةحف لتلا ف  إذف     
 .يتيب  ة اد ذات وة ف اان ف, ةع انب يف  ان ازات  انة اد انيحبف  انوايحف 

 
 : المنظومة البيئة   عمىالمادة كأثر سمبي -

تبيػػا ةرتبطػػف ةػػع انتظػػاـ انب يػػا انطب ةػػا ارزنػػا  انيػػ ة انةت نػػدة ةػػف انةػػادة  انةػػؤسرة اح  ػػاإف      
بع ث أف ارسر انوحبا انةت ند ةف ارتبةاس ػف انيػارة  ػتةلس ةػف ةتظ ةػف انةػادة , انةرتبط بانل ف

 ب ذا ياف انتوػؽ انجد ػد لا  ةلػف ان يػ ؿ إن ػه أ  الإعاطػف , إنا انةتظ ةف انل ت ف انةترابطف ةةا  
بػؿ  ةلتػه ييػط ( انتلوػ ر انر ايػا) ا ةةريػف انظػ اار بػذات ا إذ أيب  الإتواف د ر  ادر اح,به 

يانتوؽ انل تا انةلر ض اح تا ا  ةا   ةتا .انةحـ باع اؿ انظاارة  تلو رات ا انةتةددة تبةا نت  راا
نتل ف ةدرل ف بير رة انتلااػب بان وػايؿ  ان ا ػات ن جػزاء انةل تػف نحلح ػات ,ب ذا انتظاـ انةادي 
إف ي ػؿ انةػادة . ةع بةي ا بطر يف تةدـ انب يف انةتويف ب ف ارتظةف انةةتحلػف ارلبر  انتا تةةؿ

يإعراؽ  ردة عتا توػتع ؿ رةػادا  لا  ةلػف أف  عػ ؿ , لح ا نف  ييا انلتحف أ    ة انطا ف انتاتجف
لةػا إف ي ػؿ انةػادة انةوػتةةحف .انطا ف إنا انلتاء  اندن ؿ أف انلتحف تبيا بةد ز اؿ  لح ا ارواوا

ت ػػػػػل ؿ اربت ػػػػػف أ  اػػػػػدـ اوػػػػػت لان ا نػػػػػف  ح ػػػػػا ارسػػػػػر انوػػػػػحبا انػػػػػذي وػػػػػ ت ند ةت ػػػػػا بةػػػػػر ر  يػػػػػا
 (.935-928.ص,9542,بر جز( )94, 2-1.ص,9992,أنبدري)انزةف

 : المادة  ب المؤثرة والمتأثرةحقول القوة الخفية   -

راث ذسج 

كربىٌ يرحبطت 

ببعضهب عهى 

شكم حهقت 

سذاسٍت 

حخصم , يُخظًت 

رة ذبكم يُهب 

 هٍذروجٍٍ
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تػػد ر  انتػػػػػػا( Hidden Fields)اػػا ةجة اػػف ةةيػػدة ةػػف انعيػػ ؿ انةل ػػف د ػػر انظػػاارة         
ارجوػػػاـ  تبػػػدأ ةػػػف. جة ػػػع ةراعػػػؿ انت ػػػلؿ انج تػػػا نحلػػػايف انعػػػا  تةطػػػا ن  ػػػ اء  ػػػلح ا انت ػػػايا

اتػػدةا تلػػ ف   ةتحػػؼ اػػف عيح ػػايتتلػػ ف ةػػف ذرات ن ػػا عيػػؿ ةػػاص ب ػػا , انيػػ  رة انةل تػػف نحةػػادة
 ػػدار ةػػف ةتظ ةػػف ةةتحلػػف لح ػػا  اتػػد ت ا ػػف  جػػ د انةػػادة بانطب ةػػف انتػػا , انلتر تػػات أ  جز يػػات 

ي وػػػ طر انعيػػػؿ  .وػػ طر اح  ػػػا  تػػػرتبط بػػػد راا ةػػػع انتظػػػاـ انلػػػ تا  يػػػ لا إنػػػا انةجػػػرات ارلبػػػرت
يتت ابؾ انعي ؿ د ر انةاد ػف ذات , ارلبر احا انعيؿ اري ر  الذا بترت ب تياادي ةت ابؾ 
تػػدةؿ انػػزةف  تتػػاسر بػػه  توػػتةر ةػػع , الإبةػػاد انة تاي ز ي ػػف انةارجػػف اػػف إطػػار ةػػا  ةلػػف   اوػػه 

 اتػػد اػلاؾ أ  تعػػ ؿ انةػادة يػػاف انعيػ ؿ انة نػػ دة نػف تةػػ ت عتػا نػػ  , ر انػػزةف انلات ػايا اوػتةرا
 الإت ػايا ت جػد يػا الإ ػلاؿ انوػالتف لانةػادة انةل تػف نح  لػؿ.  ة انةل تػف ن ػذم انعيػ ؿبادت انةػاد

ع ػػث  لتةػػؿ نحل ت تػػف  ػػلح ا انت ػػايا , م انعيػػ ؿ تةةػػؿ بالارتبػػاط ةػػع  ػػ   انةػػادة  ةياييػػ ااػػذ  
. انب يػػػػػػػػػػف تبيػػػػػػػػػػا عيػػػػػػػػػػؿ ان ػػػػػػػػػػلؿ يػػػػػػػػػػا ةلاتػػػػػػػػػػه ن سبػػػػػػػػػػت ان ػػػػػػػػػػلؿ انت ػػػػػػػػػػايا أةػػػػػػػػػػاـ ايػػػػػػػػػػطرابا  
ةلتبػػػػػػػػػػػف ",ابػػػػػػػػػػػف وػػػػػػػػػػػ تا ( )Handler ,1990,p.25) (935-928.ص,9542,بر جػػػػػػػػػػػز)

 (.44.ص,"انلتر ت ف
و ؤدي إنا وعب ةوتةر نحطا ف انة ج دة  فد ف ةةانجانةتةحلف إف انترالـ انةوتةر نحة اد       

 ةػػف سػػـ بةػػث تػػ ع ةػػف انيػػ ة لا , انػػ ....,انة ػػام,  ان ػػازات , نةػػادة ار ن ػػفيػػا انطب ةػػف  انةتةسحػػف با
انتػػا وػػتبيا داةػػؿ تظػػاـ انب يػػف ي عيػػؿ اةػػتلاؿ بانتظػػاـ ( الاتتر ب ػػا) ةلػػف الاوػػتلادة ةت ػػا اػػا 

انلػػ تا تت جػػف عجػػـ انةةرجػػات انتػػا لا توػػتط ع انلايتػػات انع ػػف انتػػا تيتػػات احػػا انػػتظـ انوػػانبف 
, ( أي اةتلاؼ عجـ انةدةلات ةةا  ةتا إةلالا  يا اةح ػف انة ازتػف)لاء بعجة ا الإ ( الاتتر ب ا)

ةةػػا  جةػػػؿ رد انلةػػؿ انطب ةػػػا لا  ػػ ازي انلةػػػؿ انةوػػحط احػػػا انةتظ ةػػف انب ي ػػػف ي وػػبب ةحػػػلا  يػػػا 
 (143.ص,2007,أنبػػػػػػػػػػػػػػػػدري, ػػػػػػػػػاا ف)انتظػػػػػػػػػاـ انب يػػػػػػػػػا  ةػػػػػػػػػف سػػػػػػػػػـ انتظػػػػػػػػػاـ انلػػػػػػػػػ تا اة ةػػػػػػػػػا  

 (.  58-56.ص,2005,انعج ات)
ومـن ثـم تعمـل  ,تنـت  مـن البيئـة باسـتنزاف مواردهـاالمـادة  أن نـر ,  السابقمن ملاحظة      

تتعــرل لقـوة الطبيعــة باســتمرار فتتفاعــل معهـا بتــأثير متبــادل بــين , كشـكل لأداء وظيفــة معينــة
الإنشــائي باســتمرار لزيــادة قــوة الفعــل عــن قــدرة المــادة عمــى  لفشــليحصــل او , الفعــل ورد الفعــل

العمــر  قــد ينتهــيأو ربمــا ,النظــام البيئــي لــم يــتم حســب حســاب لهــا فــي قــوةالأو لان  ,التحمــل
لان  ,عميــهالبيئــي كقــو  ســمبية مــؤثرة نظــام الكنفايــة إلــى المــادة دخل فتــ . الاقتصــادل لممبنــى

ة تتقبل حجم فما فوقه ويمكنها الانتقـال مـن حجـم إلـى الأخـر فتتفاعـل مـج مـا موجـود فـي داالم
سـببه لـيس خصـائص  البيئي فالتموثلذا  .التموث البيئي فتسبب , وتتحد معهاالجو من غازات 

قـد تكـون الخصـائص عاليـة ولكـن انتهـاء العمـر  أيضـا  المادة في قابميتها عمى التحمل فقط بـل 
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دون معالجــة  يســبب تــراكم المــادة كشــكل فيزيــائيقتصــادل لممبنــى مــج اســتبقاء عمــر مــادل الا
فتتولــد غــازات ســامة تســبب التمــوث الــذل يتحــد بــدور  مــج البيئــة وتتفاعــل قــوة المــادة مــج قــوة 

 .النظام البيئي الكمي
 : التفكير المستدام ء و البنا قطاع *

 ,اررضت ػػدد ل لػػب  أيػػبعتنتةػػاظـ ةطػػر انتعػػد ات انب ي ػػف انتػػا  اريػػ ات تةانػػت نيػػد     
يجػػاء . لػػات  انةح سػػاتةةػػدلات انةةح يػػا ةيػػدةت ا تتػػا ص انةػػ ارد انطب ة ػػف ب ػػلؿ لب ػػر  ارتلػػاع 

 ة ارلف  طااات انبتاء أاة فاحا  ة ددا  ( ـ1987)ةؤتةر ةوتيبحتا انة ترؾ اف انب يف  انتتة ف 
اػادة انبتػاء ةةحلػات إتتػاج انت   د يا انعلاظ احا انب يف  ةلػض  تػـ  يػع   نػذنؾ.اوػتةداة ا   ا 

انة اد انةتةحلف انتاتجػف ت  ةةدلا انةتزا دة انتا  وتتزي ا ار ن فتعت انةج ر نحة ارد   طاع انبتاء
 (ـ1986)انةدف يػا اػاـ  لإتةاءاندراوات انةبلرة انتا  اـ ب ا انةة د انةربا  أظ رتييد . اته 

ب ػتا  ارةػر ةف انةجة ع انلحا نجة ػع انةةحلػات  %(6994)عجـ ةةحلات انبتاء  ان دـ بتوبف 
نتطػػ  ر نحعلػاظ احػا انب يػف  اعد سػػف  أيلػار رتظ ػ  عػػلا  نػذنؾ  .ةد تػف ارب ػف ( 42)يػا  أت اا ػا

 تيح ػػػػػػػػػؿ , بانتزاة ػػػػػػػػا يػػػػػػػػػا انعلػػػػػػػػػاظ احػػػػػػػػا انب يػػػػػػػػػف الإ لػػػػػػػػػاء يػػػػػػػػػةت احػػػػػػػػا ااتي ػػػػػػػػػا , انةوػػػػػػػػتداـ
 :  اج ت ادة ة الؿ ةت ا ( 118-117.ص,2004,انو اط).نتح ثا
انةبػػػػػػػػاتا , انةيػػػػػػػػاتع, اروػػػػػػػػ اؽ, ةػػػػػػػػف انةوػػػػػػػػالف  إيػػػػػػػػاي ف أاػػػػػػػػدادتتػػػػػػػػاةا انعاجػػػػػػػػف نبتػػػػػػػػاء . 1

 .تا تزا د عجـ انة اد ار ن ف انةطح بف ةف انب يفةةا  ة.ان ....انيع ف
 اد ةػػانةةػا  جةػؿ ةػػف ة ػلحف , اوػتةرار اةح ػات تػػرة ـ  يػ اتف  اػدـ انةبػػاتا انيد ةػف انيايةػػف . 2

 .ةوتةر انبتاء بتزا د انةتةحلف ةف
حػػؾ  تيح ػػؿ تػػاس ر ت, بتيح ػػؿ انةػػادة انةوػػتتزيف ةت ػػا , نيػػد اػػدت الاوػػتداةف انعلػػاظ احػػا انب يػػف      

,  بةا أف  طاع انبتاء  ةتةد انةادة يا أتتػاج ان عػدات انجد ػدة .انةادة احا انب يف يا أ ؿ بت داا 
نػذا يبدراوػف الاوػتداةف  انةػادة ,  لذنؾ ةا  حيا بةد اتت اء انةةر انزةتا نحةبتا ةادة ةتةحلف اتػه 

 اػؿ  ةلػف . يػا بانةػادة ج ب احا ةد  أةلات ف انتلل ر انةوػتداـ يػا تيح ػؿ انتحػ ث انبتا أف ت ةلت
نلآسار انوحب ف احا انب يف بطب ةف انترابط ب ف انيػ   انة ػلحف  آف  ةد انتية ـ انةوتداـ يةلا  ةيحلا  

 :ألإجابف احا ذنؾ  ةلاؿ ارتا .نحتظاـ انب يا 
 :  وفق التفكير المستدامدراسة المادة  -

 يػػا إت ػػاءتلوػػ ا انتػػا لاتػػت توػػتةةؿ  اػػاانةوػػتداةف  اربت ػػف أت ػػاءانةػػ اد انةوػػتةةحف يػػا  إف     
. ص,1999,انوػدةاف )يتت ابه يا ةيايي ا نحةيا ةػف  انةتاتػف  انيػلابف , ةس لات ا ةف اربت ف

 : اا  ,اح  ا انتال دتـ بانتلل ر انةوتداـ نحب يف اتانؾ بت د ظ رت  أف إلا(.
 : بخصائص المادة تلاعبإمكانية ال -
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عيػؿ ,  ةػف ةػلاؿ انتيػدـ انتلت نػ جا يػا عيػ ؿ ةػ اد انبتػاءيػ ف ةلاؿ انوت ات انيح حف انةا     
بان  لػػػؿ ف  وػػػراف تسب ت ػػػا ن وػػػ   , با تيػػػاد ت ايتة ػػػزت ان ػػػ ـ ,تلااػػػب لب ػػػر بةيػػػايص انةػػػادة 

نةيا ةػػػف ةػػػع  ابح ػػف اان ػػػف ,ةيا ةػػف نحعر ػػػؽ , ػػػ ـ اػػزؿ اان ػػػف نتعي ػػػؽ اوػػت لاؾ بانطا ػػػف,الإت ػػايا 
 ػػؽ ت ا ػػات اان ػػف ةػػف ةتطحبػػات اربت ػػف انةوػػتداةف باوػػتةداـ نيػػد تػػـ تعي.انرط بػػف  انػػتةلف  انتحػػؼ

 1)ع ػػػث  ةلػػػف تيػػػؿ  (Fiber Optics)أتػػػ اع ةػػػف انةػػػ اد وػػػ اء انةازنػػػف أ  انتا حػػػف لاوػػػتةداـ 
يػػا انسات ػػف باوػػتةداـ تيت ػػف انح ػػزر ( أنػػؼ ة لابا ػػت)  ةلػػف أف  ز ػػد إنػػا , يػػا انسات ػػف  (ة لابا ػػت

ةػ اد  تعوػ ف ةياييػ ا نػـ  ت  ػؼ ييػط احػا انةػزؿ تطػ ر ان إف (.78,35.ص,2006,أنبدري)
ةلات ػػػف تعةحنلػػػػف ,  انةيا ةػػػف انةةػػػػدة ن سيػػػػاؿ لانةةػػػػدات  فةان ػػػػان  ػػػػاتة ػػػػزت انةػػػػ اد بةلػػػػف  زت ػػػػا  ا 

اربةػػػػػػاد  ت ظ ػػػػػػؼ لةػػػػػػا تػػػػػػـ(.Cranes) انجوػػػػػػر ف( Monorail) فل لاوػػػػػػتيباؿ انرايةػػػػػػات انوػػػػػػل
ا اوػػػتةةحت يػػػا ة ػػػر ع ةةةػػػؿ لػػػانت,نحةر تػػػف  انتتػػػ ع (Modular Dimension)ة د  ن ػػػف ان
(Cambria )الإتػػػػلاؼنتيح ػػػػؿ اةح ػػػػات ,ردػػػػ ة  عب بػػػػات انبلاوػػػػتؾ يػػػػا  لا ػػػػف بتوػػػػحلات ا لإتتػػػػاج 

لةػا تػـ يػا لس ػر ةػف انة ػار ع تيح ػؿ اوػتةةاؿ الايػةاغ انتيح د ػف . انةري ف الإت اي ف انليلات 
  ت انتوػػػط   يػػا اةح ػػػا( VOC) يػػ  ف انط ػػػارةةػػف انةل تػػػات انةانعا  ػػف احػػػا توػػب ةةتحلػػػف 

انةيػػػػػػػػػػػػػػػدر )الاوتةايػػػػػػػػػػػػػػػف ات ػػػػػػػػػػػػػػػا بةػػػػػػػػػػػػػػػادة الا نلػػػػػػػػػػػػػػػ ف انبلاوػػػػػػػػػػػػػػػت لا ذا انحعػػػػػػػػػػػػػػػاـ انعػػػػػػػػػػػػػػػراري 
انةرلبػػػات  انوػػػبايؾ انةةدت ػػػف اػػػف ر تطػػػ ر البػػػر نة ػػػرات ةػػػف ظ ػػػنيػػػد (.218,2,6.ص,انوػػػابؽ

داـ اػػذم   ػػد تػػـ اوػػتة,وػػتةاتف باعػػدث انبػػراةق انعاوػػ ب فبالا ,طر ػػؽ ةػػا  ةػػرؼ بتظػػاـ انةػػ اد انذل ػػف
انةتظ ةػػات الإت ػػاي ف انةتطػػ رة ةػػف انيػػتااات انةةتحلػػف ةسػػؿ يػػتااف رة يػػا لس ػػر انةػػ اد انةتطػػ  

نتػػػاس ر انيػػػ ة  ن ػػػا انيابح ػػػف احػػػا إيػػػلاح تلوػػػ ا ذات ػػػا نػػػد  تةريػػػ ا ةػػػ اد تةػػػد .ا الػػػؿ انوػػػ ارات   
. اح ػه إنا ةا لافبةد تةريه ني ة انلةؿ انيادةف  بذنؾ  ة د ان  لؿ انةارجا ,انةارج ف انةدةرة

 يؿ إنا يتااف ةادة تع ي ةلا  ف انلبو لات انةةتحيف بوايؿ ترة ةا اػ  ةػف ةػادة تـ انت ع ث
(Dicyclopentadiene) ,نػػػد  ,جػػػزءا  ةػػػف انب يػػػف 250تجػػػا ز  طراػػػا م انلبوػػػ لات لا  ذاػػػ 

ي ذتةػرض ان  لػؿ انةػارجا إنػػا  ػ ة ةارج ػف يػػاف تحػؾ انلبوػ لات تتةػزؽ ةعػػررة وػايؿ انتػرة ـ  انػػ
انوايؿ إنػا ةلػاف  اتداا تةةؿ انةاي ف ان ةر ف احا وعب,انب ن ة ر ف اف تحؾ انةادة ا  ابارة

إنا ةا لاف اح ه   لؿ اننؾ ا دة ذي  تيحب يا دي ف د ايؽ   تجـ اف ذ ان,انيدع أ  ان ؽ
 ةلػػف ن ػػذم الن ػػف  (.ة  ػػع انلتر تػػا احةػػا, 2007, ة  ػػع انػػدي يػػا دي انةربػػا)%((90)بتوػػبف

يلػػا ,ألسػػر يااح ػػف ةػػف اتػػا ت ايػػحت اربعػػاث نتطػػ  ر ةػػ اد , اوػػت لاؾ لايػػف لبوػػ لات الإيػػلاح 
 انتػػا تتلػػ ف ةػػف ,(Bubbloy)ابتلػػار ةػا اػػرؼ بانوػػب لف انلياا ػػفةةتبػر لػػانتش نةحػػ ـ انةػػ اد تػػـ 

 تتة ػػز بةلػػف  زت ػػا  ةتاتت ػػا انةان ػػف   ػػدرت ا احػػا اوػػتةادة ,د ػػ ـ  انت لػػؿ  انتعػػاس  انلوػػل رانبلا
اتةػػػاد أوػػػح ب ا إف.نيػػػ ة ةارج ػػػف توػػػبب اتبةاج ػػػا أ  ت ػػػ ا ابةػػػد تةريػػػ ا   ػػلح ا اريػػػحا ذات ػػػا  
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ةػػػلاؿ اةح ػػػف انتيػػػة ـ ار ن ػػػف  يػػػ لا  نحتيػػػاة ـ انت اي ػػػف ( Feedback)انت ذ ػػػف الاوػػػترجاا ف
نلػػػؿ وػػػااف يػػػا بػػػراةق يػػػا ةت ػػػا ايترايػػػا انتة ذج ػػػف ةػػػف ةػػػلاؿ ااتةػػػاد اةح ػػػف تعح ح ػػػف نحةػػػادة 

ا اروػػػح ب احػػػا تز  ػػػد ذا و وػػػااد اػػػذ ب ػػػ ,رر نيػػػعجػػػـ اانةتػػػاةرة بةةريػػػف انعاوػػػ ب ف بػػػدلا  ةػػػف 
انتيػػة ةا انيػػع    انتػػاج  يػػػا  يػػف ةةػػػا  يػػ داـ إنػػا اتةػػاذ انيػػػرار انةيػػةة ف بانةةح ةػػات اند 

-Whole Building Design,2000,pp. 1) اةت اراػػػػػا انتةاةػػػػػؿ ةػػػػػع انةػػػػػادة

4()Snyder,1979,pp.151-163( )ة  ػػع انلتر تػػا , 2007, ة  ػػع انػػدي يػػا دي انةربػػا
 (.احةا

 :مفهوم إمكانية التدوير -
 ة  ةتا إاادة اوتةداـ انةادة انةح سػف أ  انتاييػف نحعػد ةػف تاس راػا احػا انب يػف  ز ػادة الاوػتلاد     

إف اةح ػػف تبػػادؿ انتلا ػػات توػػتتد احػػا ايتػػراض بوػػ ط ةلػػادم بػػاف تلا ػػف , ةػػف انةاةػػات انةوػػتةدةف 
ن ةسػؿ أييػؿ عػؿ نحتةاةػؿ ةػع انتلا ػات . أةػر يتااف ةا  ةلت ا إف تلػ ف انةػادة انةػاـ نيػتااف 
نيػػػةاف اني ػػػاس انيػػػع   نحةػػػدةلات  تةلػػػ ض , ةػػف ةػػػلاؿ إاػػػادة د رة ع ػػػاة تحػػػؾ انةػػػ اد انتانلػػف 

انةتظةػػػػػػػػػػػػف انةرب ػػػػػػػػػػػػف نحتتة ػػػػػػػػػػػػف انيػػػػػػػػػػػػتاا ف )  انتحػػػػػػػػػػػػ ث أستػػػػػػػػػػػػاء انت ػػػػػػػػػػػػاط الا تيػػػػػػػػػػػػادي  بةػػػػػػػػػػػػدم
انةػادة انل ز اي ػف  م تػؤدي إنػا ت  ػر ةػ اصاػذإف اةح ف انتعػ ؿ  .(1,  8-9.ص,9999, انتةد ف

ع ػػػػث إف انلس ػػػػر ةػػػػف اربت ػػػػف انةاةػػػػف  انةيػػػػتة ف تػػػػـ ي  ػػػػا ألوػػػػاء ارريػػػػ ات ,بةةانجػػػػف طب ة ػػػػف 
نحعػد ةػف  ذنؾ , انةارج ف انة طاة بان اح انلا بر اانا انلسايف انةيت ع ةف ةةحلات ان رؽ انةةاد

- ػػلؿ),ارلبػػر دايػػرة ي ػػه السػػار انوػػحب ف انةت نػػدة ةػػف ةتظ ةػػف انةػػادة انةيػػ رة إنػػا انتظػػاـ انب يػػا
أف .(218.ص,2006,أنبػػدري)(2.ص,9999,انةتظةػػف انةرب ػػف نحتتة ػػف انيػػتاا ف  انتةػػد ف) (.6

 ةسؿ انطا ف انلاييف د ػر انةوػتلاد ةت ػا يػا تظػاـ )انةادة انتانلف ترتبط بةي اس  ةرؼ بالاتتر ب ا 
يتػػات انع ػػف أف انلا(. (Closed Thermodynamic System (انسرة دا تاة لػػا انة حػػؽ
انوػانبف ن ػد ـ انتظػاـ انعػا تلوػه بعانػف تػ ازف ةػف ةػلاؿ اوػت راد ةػ اد دت ػف  اتيتات احا الاتتر ب ػ

نتطب ػؽ   . ةةػا  ةطػا عانػف انتػ ازف, تتر ب ػا إذ تةةؿ رد د أيةان ا انداةح ف احا ز ادة ار,بانطا ف 
 انبلتر ػػا انة تدوػػف  راس ػػا   ع ػػث توػػتةدـ, تػػـ ت ظ ػػؼ ارتظةػػف انع   ػػف يػػا انتػ اعا الإتتاج ػػف  ذنػؾ

ةػف %( 60)يػالسر ةػف , يا يتااف الإتز ةات نحتةحص ةػف بةػض انتػ اتق  انةةحلػات انيػتاا ف
يةػػػػػسلا بلتر ػػػػػا .ب اوػػػػػطف اةح ػػػػػات انتةةػػػػػر انة لر بػػػػػا الإتز ةػػػػػات انةت اجػػػػػدة يػػػػػا اروػػػػػ اؽ تتػػػػػتق

((Alicaligenes entrophus  تػػػا ؿ ت, انتػػػا تػػػـ الت ػػػاي ا يػػػا بحج لػػػا ةتػػػذ ا ػػػرة وػػػت ات
انةةادف انسي حف  تةز ت ا داةؿ ةلا ااا  اةتياي ا داةؿ أد  ف ةةتيػف ن ػتـ ي ةػا بةػد تروػ ب ا 

) .ا ػػرة نلا  تػػات انذايبػػف  انةةز جػػف تػػتـ اػػذم انةةح ػػف ب اوػػطف ارلوػػدة انةب, داةػػؿ أةػػالف ةارج ػػف
 (.137.ص,2006,أنبدري) (1,  8-9.ص,9999,انةتظةف انةرب ف نحتتة ف انيتاا ف  انتةد ف
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 (انباعسف) عممية التدوير وعلاقتها مج خصائص المادة( 6 –شكل )
 (Stitt,1999,pp.40-50: )اف ةيدر 

 :مفهوم إعادة الاستخدام  -
 ةيػػػع أي ة ػػػر ع ةةةػػػاري يػػػا د رة ع اتػػػه نةةح ػػػف تبػػػد ؿ نػػػبةض أجػػػزاءم   طةػػػه بيػػػ رة       

يجػػػػاءت . ةػػػػ اد لتلا ػػػات بيػػػػ رة ةوػػػػتةرةانا  ػػػػؤدي إنػػػا تػػػػرالـ ةوػػػتةرة تت جػػػػف نحةطػػػػؿ  انتحػػػؼ ةةػػػػ
 اػػػػا اةح ػػػػف ( Deconstruction)انت ج ػػػػات انعد سػػػػف نتطػػػػرح ةل ػػػػ ـ جد ػػػػد اػػػػ  إزانػػػػف انبتػػػػاء 

ع ث  تـ إزانف جة ػع ارجػزاء انيػانعف نلاوػتةداـ ةػف انةبتػا , ةةالوف نحبتاء  تةتحؼ اف ان دـ 
عب بػات  لإتتػاج (Philip Merrill)تػـ يػا ةةةػؿ  ع ػث. بػؿ ان ػدـ نتوػتةدـ يػا انةبػاتا انجد ػدة

تانلف لانل تلر ػت انةلوػر ةػف انة ا ػع انيد ةػف انة جػ دة يػا  إت اي فانحدايف انةةادة اوتةةاؿ ة اد 
ةةػػا  يػػ ؼ ربػػ   ,ن ريػػؼ بػػه انطر ػػات  انةةػػرات انجد ػػدة نحةةةػػؿ,  لا ػػف ةػػاري لاتػػد ان ا ػػع ي  ػػا

الاوػػتداةف يػػا , بػػف عوػػ ف) .(1-جػػد ؿ ),ف انةطػػؿبػػد ؿ بةػػض ارجػػزاء يػػا عانػػةةػػالس نةةح ػػف ت
 .(221-220.ص,2006,أنبدري) (4.ص,تية ـ انةباتا

 
  

 إعبدة انخذوٌر

خصبئص فٍزٌبئٍت 

 جذٌذة

َىاحجهب كًٍٍبئٍت 

 جذٌذة

 انًُظىيت انًبدٌت

 يع

 انشكم أو انصىرة انظبهرة

ثبىث فً نحظت 

 يعٍُت

   تًبدة حخى بذء عًهٍت انخغٍٍر انذاخهٍانًقرر نهانعًر انزيًُ 

حغٍر انخصبئص 

 انفٍزٌبئٍت

 يع

بذء عًهٍت حغٍٍر 

انخصبئص انكًٍٍبئٍت 

 نهًبدة

شكم جذٌذ بُفس 

 انًبدة

حغٍر انخصبئص 

 انشكهٍت

ثبىث انخصبئص 

 انكًٍٍبئٍت

حبنت حهف انًبدة وحراكًهب فً يُبطق حجًٍع  عًهٍت انخغٍٍر

 انُفبٌبث

 يع بذء حهىٌثهب نهبٍئت انًحٍطت

انعًم عهى 

انُىاحج انعرضٍت 

يثم جزٌئت 

 انبُزٌٍ

بًىاد حكرر انعًهٍت يٍ جذٌذ 

 يخخهفت
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ج ير االتي يتوقج أن تنت  من المشالإنشائية والمنشائية ابرز المواد ( 1-جدول)
(994.ص,9994,انو اط) (Guthrie & Mallett ,1995,p.20) 

 
 إمكانية تدويرها كانية إعادة استخدامهاإم أنواع المواد المستخدمة وبالتالي الناتجة
 د ر ةتاح أةلات ف اان ف انة اد ار ن ف لانرةؿ  انعيا  انية ر

 أةلات ف اان ف أةلات ف اان ف انةرواتف لةادة أ ن ف بانبتاء
 أةلات ف اان ف أةلات ف اان ف (Masonry)انع ايط انعجر ف 

 أةلات ف اان ف أةلات ف اان ف انطاب ؽ
 أةلات ف ةتةليف أةلات ف اان ف انبلاط
 أةلات ف اان ف أةلات ف اان ف انة ب

 أةلات ف اان ف أةلات ف ةتةليف انزجاج لانةلا ا ان ةو ف
 أةلات ف اان ف أةلات ف ةتةليف انةةادف انةوتةةحف بارطر

 أةلات ف اان ف أةلات ف ةتةليف انبلاوت ؾ لة ازؿ  زجاج بلاوت لا اازؿ
 أةلات ف ةت وطف د ر ةةلف (دااتات  انةذ باتان)انل ةا  ات 

 
 :تقميل الآثار السمبية عمى المنظومة الكونية *

 ةلف تيح ؿ السار انوحب ف انةت ندة ةف ترالـ ة اد انبتاء ةلاؿ ااتةاد ةت ق انةبتػا انةتلاةػؿ      
تػػذ بدا ػػف انةةح ػػف انػػذي  تة ػػز بتتػػ ع انعحػػ ؿ يتػػارة  تةاةػػؿ ةػػع انيػػ ة انةوػػببف نحلةػػؿ بعػػؿ   ػػايا ة, 

 أةر   ل ف ب  يف جراات الاج ف اتد انةراعؿ انعرجػف ةػف انةةح ػف انتيػة ة ف أ  , انتية ة ف 
 بةةتػػا أف أتظةػػف انةبتػػا للػػؿ تتيػػؿ  تتةيػػد  تتلاةػػؿ بةلا ػػات ة ػػترلف ةترابطػػف ذات , انتتل ذ ػػف

بؤ انةوبؽ بلؿ أيةاؿ ااتةاد ةتبادؿ ب ف انلةؿ  رد انلةؿ بت ذ ف الو ف اوترجاا ف ةف ةلاؿ انتت
ع ث تـ انتال د احا أف انةبتا تتلاةؿ ي ه ارتظةف لإدارة , اني ة  تاس رات ا ن يع انعح ؿ  تدارل ا

انل ز ا  ػػػف  تتةسػػػؿ بطب ةػػػف انيػػػ    رانةيػػػادر انل ز ا  ػػػف انةاد ػػػف انةرتبطػػػف بانبتػػػاء  انةيػػػادر د ػػػ
نةبتا  يؽ ةتظػ ر انلةػؿ  رد انلةػؿ   يؽ ذنؾ ارؼ ا. انةةتحلف انةوحطف احا انةتظ ةف انةاد ف 

ان  لػػػؿ , ان ػػػلاؼ انةػػػارجا)انةتبػػػادؿ باتػػػه ةتظ ةػػػف ةاد ػػػف  انتػػػا تؤنػػػؼ ارجػػػزاء انري وػػػف نحةبتػػػا 
 اذا  ةتا أف نلؿ ةجة اف . (انةل تات انتلة ح ف  انةدة ف  د راا, انلياءات انداةح ف, الإت ايا

ةتيػػةتف , ت  لػػؿ انتظػػاـ انةػػاـ ةػػع انب يػػف ةػػف انةتايػػر ة ػػزة تلااح ػػف نزةػػاف  ةلػػاف ةة تػػ ف  انتػػا 
إف طب ةػف انيػ ة انةل تػف نحةبتػا انةػادي اػذا . انةلا ات الاتيان ف  الاتليػان ف ةػع انب يػف انةع طػف

تتة ز بيلف انتتظ ـ  انةلا ات ةع انةع ط  انتلااؿ ب ف انةتاير ةةا  جةؿ انتظػاـ انةػادي  ػادرا  
انةيػابف بتلوػه لعػاؿ انلػايف انعػا بةةح ػف انت ذ ػف احا عؿ انة ػالؿ بتلوػه أي إيػلاح أتوػجته 

 (136-135.ص ,2006,أنبػػػػػػػػػػػػػػػػػػػػػدري( .) Feed back)الاوػػػػػػػػػػػػػػػػػػػػػترجاا ف 
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(Handler,1990,p.22) (Croom , 1998,p.24( )ة  ػػػػع انػػػػدي يػػػػا دي انةربػػػػا ,
 (.ة  ع انلتر تا احةا, 2007

ظـرت نظـرة شـاممة ون, خصـائص المـادة إذن الاستدامة لـم تغيـر المـادة الموجـودة لكنهـا لعبـت ب
 أوحتــى مرحمــة نفــاق المــادة ليــتم إعــادة اســتخدامها ,ى كــل المراحــل التــي تمــر بهــا المــادةمــع

  .بالتالي النظرة الشمولية هي التي ميزت التصميم المستدام في تقميل التموث البيئي,تدويرها 
 
 :بيق العممي ــالتط *

إنػػا ااتةػػاد انتظػػرة ان ػػة ن ف يػػا انلس ػػر  ةلػػف ةلاعظػػف ل ل ػػف تطب ػػؽ يلػػر الاوػػتداةف انراةػػا      
 : لالاتا ,اديا ن ا انةادة انةح سف نحب يف انتا اتةذت ةف تيح ؿ ,ةف اربت ف انةانة ف ان  ـ

  Sanjay Prakash ,TERIنحةةةار ػاف  "RETREAT "مشـروع مركـز  - 
 (1997-2222: )  

ةؤنػػؼ ( ةتػر ةربػع 3000)  يػع إنػا جتػ ب ةد تػف دن ػا ان تد ػف احػا ةوػاعف:   يػؼ انة ػر ع
 . ع ط به انعزاـ ارةير ةف لؿ انج ات, ةف بتا ت ف  اعدة ولت ف  ارةر  لإ اةف انبع ث 

 
 RETREAT"(Nayak,2005,p.15) "مبنى مشروع ( 7-شكل )

ه يػا ت ن ػد نيػد تػـ اةت ػار انة ػر ع نل تػه  ػد يػةـ ن لػ ف ةوػتيلا بذاتػ:   أوباب اةت ار انة ر ع
ةػػع , انطا ػػف انتػػا  عتاج ػػا انةبتػػا انةوػػتداـ ةػػع اوػػتةداـ ةتظ ةػػات انتظح ػػؿ  انلاوػػرات ان ةوػػ ف 

  تػ ات انتبر ػد  انةيػايف إنػا , انةلا ػا انيػ ي ف ,  ةزاتات انةػاء , ت ظ ؼ طرؽ انةزؿ انةةتحلف 
ا ػات انطب ة ػف  انط( Passive)تية ـ انةبتا نتةد ةةانجات يا اوػتةداـ انةتظ ةػات انةتلةحػف 

 (.buildings.org/case1.pdf-www.sustainable)  .انةتجددة
                       :ةع ةتظ ةف انةادة انةوتةةحف,انةةانجات انةوتةدةف نتعي ؽ ارداء انب يا انج د نحةبتا 

 يح ػػػػػؿ ارعةػػػػػاؿ انعرار ػػػػػف احػػػػػا انةبتػػػػػا لاوػػػػػتةةاؿ انل تلر ػػػػػت انةل ػػػػػؼ انةػػػػػ ازؿ انةةتحلػػػػػف نت
 (.وت رفب ن)لةا  تـ اوتةةاؿ يا انجدراف , (Vermiculite Concrete) انةج ؼ 

 لاورات  ةو ف نتظح ؿ انلتعات. 
  ةف ة اد ةةادة انتيت عانوةاتات ان ةو ف نتز  د انةبتا بانةاء انعار . 

http://www.sustainable-buildings.org/case1.pdf
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 ةع بطار ات نةزف انطا ف انلاييف,طا ف انل رباي ف انةلا ا انل ر ي ي ف نت ن د ان. 

  تػػديف تعػػت اررض بػػاط اؿ  ػػد تيػػؿ إنػػا ( وػػـ 70×70)انيتػػ ات ارريػػ ف نحت   ػػف بإبةػػاد
 .تعايظ احا عرارة انةبتا  تةةؿ احا تز  دم بانت   ف انةطح بف يا ار اـ انةتربف ( ـ70)

 انةع ط  انةداةف ان ةو ف ذات ان طاء انةةدتا نتوة ف ان  اء. 
  تايةات ان  اء(Blower) نتةةؿ ةع ةتظ ةف انيت ات ارري ف. 

  ةتظ ةف تبة ر(Air washer )ة لات ل ف نحةعايظف احا عرارة انةبتا. 

  ةػػػداةف  ةوػػػ ف نتوػػػت ؿ  ابح ػػػف ةر تػػػف عرلػػػف ان ػػػ اء ب اوػػػطف أدط ػػػف ةةدت ػػػف يػػػ ؽ انةػػػداةف
 .انيت ات ارري ف انباردبتوة ت ا  تديع ان  اء انواةف ن احا ن عؿ ةعحه ا اء 

 : (Nayak,2005,p.15) تعح ؿ انةتظ ةف انةاد ف
 تػػـ انتلااػػب انلب ػػر بةيػػايص انةػػادة لعػػاؿ ادحػػب انةػػ اد انةوػػتةةحف :  ةيػػايص انةػػادة
تعةؿ اان ف ةسؿ انوط ح انةل تف ةف انل تلر ت انةل ػؼ  ع ث تة زت بةلت ا ةع إةلات ف,  سا  عد

لةػا اتػه  ز ػد , سيػلا   ألسػرلػاف انةت ػا  إذاادة انةوتتزيف ةػف انب يػف  يحؿ ةف انة ان  ةةا... انةج ؼ
 .ةف ةيايص انةادة نحتعةؿ  انيدرة احا ةيا ةف اني ة انةوحطف ةف انب يف

 عيػؿ اوػتةةاؿ ةػ اد ةةػادة :  انتػد  ر إةلات ػف(Recycle)  نػ علظ لػـ اايػؿ ةػف انةػػ اد
 أف ححت ةف انلس ر ةف انة اد انتا  ةلف   فاررييةسلا انيت ات , انةت  ةف ن لذا عجـ ةف انبتاء 

ةةػادة جتػب انةػ اد اناوػت لاؾ  إف.لػذنؾ اةح ػات انريػؼ نحطر ػات انةارج ػف  ,توت حؾ ةف انب يف
 . دازات انب ت انزجاجا (CO2)داز ةف  ارطتاف ألاؼ إطلاؽانب يف 

تػ ي رم ةػف ةػادة  ةةح ف انتلل ػر انةوػبؽ بعجػـ انةػدةلات انتػا  عتاج ػا أي ة ػر ع  ةػا وػ تـي نذا
 عجػػـ انةةرجػػات  أ ػػف ت يػػع  ل ػػؼ تةػػانق اػػ  ةػػف ارواوػػ ات انتػػا  جػػب أف , أ ن ػػف نت ػػ  حه 

 . ةةاري ري ةبتاتدةؿ يةف اةح ف انتية ـ انة
 

 :الاستنتاجات*
  إف وػػبب انتحػػ ث انب يػػا اػػ  تػػرالـ انةػػ اد د ف ةةانجػػف تت جػػف نل ػػؿ انةػػادة أةػػاـ انيػػ ة انب ي ػػف

 .انير رة نتحؾ انةادة يترةا لتلا ف  أ  نليداف, انةوحطف
 ل ة ايا  وبب اتبةاث دازات واةف ي توبب انتح ث - عيؿ نحةادة انتاييف تعحؿ ي ز ايا. 

    ةػػف سػػـ عيػػ ؿ انيػػ   انةل ػػف اػػا ةجة اػػف ةػػف انعيػػ ؿ انةةل ػػف انتػػا تػػربط انتظػػاـ انلػػ تا
, بت ػػابؾ   ػػفانل تنةتظ ةػػف ابانةػػادة ةػػع بػػا ا  فانتحػػ ث انةايػػ  ػػ  يتػػربط , انب يػػا بتظػػاـ انةػػادة 

 .يتو ـ انةادة ةع د راا ةف انة اد بتح  ث ةوتةر لا  ةلف انتياةه
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 اا تلوػ ا انتػا اوػتةةحت يػا  ن ؤلد أف انةادة انداةحف يا ةت اته, اـ جاء انتلل ر انةوتد
نلػػف ةػػع تلااػػب لب ػػر بةيػػايص , ةس لاتػػه  تةانػػت انيػػ عات اح  ػػا نتوػػبب ا بػػانتح ث انب يػػا

ب لؿ البر ةع ةلف بان زف نتيح ؿ اوت لاؿ ةػ ارد انةوحطف  ث توتط ع تعةؿ اني   انة اد بع
 .انب يف 

  ع ث  تـ انتلل ر بانةادة ل ػلؿ بابوػط ةػدةلات ةػع , تـ ااتةاد انتظرة ان ة ن ف باربت ف
 .ةت اانعاجف  اتت اءانتلل ر بانةادة إنا أ ف تي ر بةد   ياؼ إنا ذنؾ, أعوف ةيايص

 اػػادة الاوػػتةداـ لعحػػ ؿ نتيح ػػؿ اوػػتتزاؼ ةاةػػات اررضجػػاءت اةح ػػات ا ةػػع , نتػػد  ر  ا 
 . ادي  انةوبب نحتح ثتعحؿ انةانت ح اتيح ؿ انترالـ انل ز ايا نحة اد  بانتانا اة

 : جاءت انت ي ات ةةتةدة نيد
   يػػر رة  جػػ د دراوػػات  يااحػػف  جد ػػف نحيػػ ة انةوػػحطف احػػا اربت ػػف  ةعا نػػف بتػػاء تظػػاـ نت  ػػع

 نةدةػف ذنػؾ . نتدارؾ انة ا ؼ  بؿ ت  ء ارسػر انوػحبا احػا انطب ةػف, انلةؿ نتحؾ اني ة  طب ةف رد
 : جب انتال د احا 

ير رة اوتةةاؿ  ة ارد ةتجددة لانة اد انةتتجف ةف تباتات تاة ف بدؿ اوتةةاؿ ة ارد لا  ةلػف  -
 .اوتبدان ا لةاةات انتلط  ان از انطب ةا 

ةبتػػا إنػػا لػػايف عػػا يةػػاؿ ةتبػػادؿ انةتلةػػف الا جاب ػػف ةػػع انب يػػف اتتةػػاب ةػػ اد لل حػػف بتع  ػػؿ ان -
 .انطب ة ف

انةةؿ احا أف تل ف انةادة ةع ي رت ا تةةػؿ لةجة اػات ةتداةحػف  ةترابطػف ةػف انةتظ ةػات  -
انةاد ػف انتػػا تػػتظـ ن ػػرض ت ػػل ؿ انةبتػا  انعلػػاظ احػػا طا تػػه ةػػف  لادتػه إنػػا عانػػف اتت ػػاء اةػػرم 

 .انزةتا

ةػػادي انةيػػةـ لةتظ ةػػف ةتداةحػػف ةػػع انة  ػػع ةػػف ةػػلاؿ جةػػؿ انةلايةػػف أوػػاس جةػػؿ انتظػػاـ ان -
 .Recycled))انةةطط انة ي ع لإاادة تد  ر انةادة بللاءة 

انتال د احا الا ات انتظػاـ انػري س نحةبتػا انةتػداةؿ ةػع انب يػف  ارتظةػف انسات  ػف انتػا تتيػؿ  -
 .بترابط ا جابا ةتبادؿ  تتةيد  تتلاةؿ ة ترلف 

ادة تيػػػت ع انةػػػ اد الاوػػػت لال ف ةػػػف ةػػػ اد ةةػػػادة انتيػػػت ع أ  ةػػػف ةيػػػادر ةتجػػػددة انطا ػػػف إاػػػ -
 . بد ف تح  ث نحب يف أ  اوتتزاؼ نحةيادر

 (.Recycled)ااتةاد انةتظ ةف الإع اي ف انع ف لاواس نةةح ات انتد  ر  -
 دة يػػر رة اةػػؿ دراوػػػات تةػػتص بتعح ػػػؿ  تلل ػػؾ ار ايػػػر انةاد ػػف لاوتل ػػػاؼ إةلات ػػف إاػػػا

ةةػػػػا  ةتػػػػا يػػػػر رة إيػػػػدار  ػػػػرارات , تيػػػػت ة ا  انعػػػػد ةػػػػف أساراػػػػا انوػػػػحب ف انةت نػػػػدة اتػػػػد إتلاي ػػػػا
 . ت ر ةات نحتيح ؿ ةةا  تجـ ةف ةةحلات احا انطب ةف 
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 بانتانا بات انةبتا  ةةؿ لةتظ ةف ع ػف تت  ػر ةياييػ ا انل ز اي ػف  ةػف سػـ انل ة اي ػف ن ةػاد 
ةػ اص ي ز اي ػف ل ة اي ػف جد ػدة  ةلػف أف تلػ ف ةةػ لا   م نةحػؽذا( انت   ر) انةةؿ احا اةح ف 

جد دا  ربت ف ن ا انيدرة احا ةحؽ تظاـ اةراتا عػد ث  ػادر احػا انتلااػؿ  انةػ ش ةػع الإتوػاف 
 . انب يف يا ةجة ع ةدةلاته  ةةرجاته ةةا  

  :المصـــادر العربية *
 ة  ع انلحولف , انةلتبف انعرة, ر  لا ةيد, "انطب ة ات" انيوـ انساتا, "لتاب انتجاة",ابف و تا

 .2007د وةبر  15تعد ث نحيلعف , جةع  ترت ب ةعةد عز ف , الإولاة ف

 انتطػػػ ر  انت  ػػػر يػػػا انللػػػر انجد ػػػد نةةػػػارة اربت ػػػف انيػػػتاا ف ",اةجػػػد ةعةػػػ د ابػػػد اه,أنبػػػدري
 .9992,جاةةف ب داد  -أطر عف دلت رام, " انذل ف

 دراوػػف تطب ي ػػف لإةلات ػػف   ػػاس ,"لؿ انةةةػػاري انةتطػػ رانعرلػػف يػػا ان ػػ", أتلػػاؿ ةؤ ػػد,انعج ػات
انجاةةػف انتلت ن ج ػف  -روانف ةاجوت ر, انةوار انةوتيبحا انةوتةر نح لؿ انةةةاري انةتط ر

 ,2005  . 

 روػػػانف ,دراوػػػف تعح ح ػػػف نحتةػػػاذج انةةةار ػػػف انةةايػػػرة ," انةػػػادة  ان ػػػلؿ"وػػػ  ر لػػػر ـ ,انوػػػدةاف
 .ـ1999,جاةةف ب داد-ةاجوت ر

 ةد ر ػػف ,"أوػان ب إدارة انةةحلػات الإت ػاي ف  انلػرص انةتاعػف نتػد  راا:" احػا بػف ةعةػد, اطانوػ
 .ـ2004, انوة د ف, أةاتف ةد تف اندةاـ–إدارة تتو ؽ انة ار ع 

  انةتظػػػػ ر انجد ػػػػد لإدارة انتلا ػػػػات انيػػػػتاا ف ",انةتظةػػػػف انةرب ػػػػف نحتتة ػػػػف انيػػػػتاا ف  انتةػػػػد ف
 .2002, انةةحلف انة رب ف-باطانر ," انيحبف يا انةتطيف انةرب ف

 ةلتبػف در س  بعػ ث ان ػ   ةعةػد بػف , "ةيايص انعرلػف انة ج ػف",ةعةد بف زا د,آؿ ت  اف
 .2006-12-17,بع ث  در س انل ز اء, زا د

  ةؤتةر ارطراؼ يا اتلا  ػف اوػتل  نـ ب ػاف انةح سػات انةيػ  ف , برتاةق ارةـ انةتعدة نحب يف
انةبػػادئ انت ج   ػػف انتيت ػػف ب ػػاف الإدارة انوػػح ةف " ,ا  ػػف بػػازؿ  اتل+ 2005( 1) ةػػادة, انسابتػػف

..... ب ي ػػا نحتلا ػػات انتػػا تعتػػ ي ةرلبػػات ستػػايا انبتػػز ف ةتةػػددة انلحػػ ر ةتةػػددة اند  لوػػ تات
 .2004, "انتا تتتق د ف  يد أ  انةح سف ب ا 

 1986,دادب  -فاندار انةرب , ت اد أنةب دي: ، ترجةف " انل ف انةرأة:" بر جز، ج ف. 

 الاوتداةف يا تية ـ انةباتا",اتد را د,بف عو ف", 

 www.fewa.gov.ae/Image/_dbpics/environment/enviro1_ar.pdf 

 روػانف , "ريػف الإوػلاة فبت ف اني رة انةةةار ػف يػا يػ ء تظر ػف انةة:"اعةد ابد انجبار,ج دت
 .1995,جاةةف ب داد, لح ف ان تدوف , ةاجوت ر ةيدةف نيوـ انةةارة

http://www.fewa.gov.ae/Image/_dbpics/environment/enviro1_ar.pdf
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 ةتظ ةػػػف انوػػػ طرة احػػػا آن ػػػف اةػػػؿ انةبتػػػا " –اةجػػػد ةعةػػػ د ,أنبػػػدري -ب جػػػت ر ػػػاد,  ػػػاا ف
 . 2007,جاةةف ب داد-ةجحف ان تدوف,"لتظاـ نحةعايظف احا انطا ف انيتااا

 وػجؿ أبعػاث تػد ة " ةػدةؿ  تطب ػؽ... ةةحلػات انبتػاء انتةحص ةػف :"ةعةد ابد انوة ع ,ا د
ت ػػػر )انةةحلػػػف انة رب ػػػف  , انربػػػاط ,انةة ػػػد انةربػػػا لإتةػػػاء انةػػػدف , إدارة انةةحلػػػات انيػػػحبف 
 .2001,  ت   -ةا  , (109انةدد , بةجحف انبتاء انوة د ف

  ـ ر ػػػ د لػػػاظ: انة ػػػرؼ انةحةػػػا , نحيػػػؼ انوػػػادس انةحةػػػا" انل ة ػػػاء",نجتػػػف يػػػا  زارة انترب ػػػف
 .ـ2006,انطبةف انة ر ف , ة وا

  2007,"انػػػػػػػػػػػػػدي يػػػػػػػػػػػػػا دي انةربػػػػػػػػػػػػػا",ة  ػػػػػػػػػػػػػع انلتر تػػػػػػػػػػػػػا ن ةبػػػػػػػػػػػػػار انةحة ػػػػػػػػػػػػػف. 

DVD4ARAB.COMhttp://hazemsakeek.com/magazine/images/stories/ne

ws/get-7-2007-nj9efc5j.jpg 
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 لقلاع التاريخية في العراقالمحددات التصميمية لمباني ا
(كركوكدراسة تطبيقية لقمعة )   

 
 الاستاذ طالب حميد الطالب والباحثة هدى صباح

 كمية الوندسة قسم المعماري –جامعة بغداد 
              :الخلاصة      
عطينلالاا صلالاور مةتمالالاة بلالااةت   الازمنلالاة والامكنلالاة القلالا ع التاريةيلالاة تجوزنلالاا بنقلالااط اتصلالاال ملالاا العصلالاور السلالاابقة وتإن 

 المعاصر لتوليد نمط عمرانيالحماية ترسموا الأجيال السابقة الى الأجيال ال حقة ما فكر  ئلرساالتي هي بمثابة 
، التلاي بنيلات لتمعلاب دورا عسلاكريا وسياسلايا واجتماعيلاا يستموم معطيات الماضي ويسلاتثمر إبلاداعات الحاضلار محمي

لقلالا ع التاريةيلالاة فلالاي اللالاذا ركلالاز البحلالاث عملالاى مملالاا جعمولالاا وحلالادات معماريلالاة مميلالازة  دم أغراضلالاا متنوعلالاةواقتصلالااديا وتةلالا
من هنا تبمورت فكلارة مكلاكمة البحلاث نتيجلاة قملاة  ،ودراسة معالموا المعمارية وتحميل أهم محدداتوا التصميمية العراق

، وأنماطولالالااث التعلالالار  عملالالاى القلالالا ع اسلالالاتود  البحلالالاعلالالان القلالالا ع وكيايلالالاة تطويرهلالالاا، و الدراسلالالاات الأكاديميلالالاة المتلالالاوفرة 
اللاى أسلاموب عمملاي تطلاويري  محميلاة بغيلاة التوصلالالقلا ع الواستج ء ةصلاائص وأفكارالحماية الامنية عبر التاريخ، 

  .في قمعة كركوكالموجودات الحضرية والعمرانية لمتعامل ما 
 

Design Criteria for Historic Fortresses Buildings in Iraq 

(Case Study Kirkuk Fortress ) 
            
ABSTRACT: 

       Historic fortresses are providing us with an immediate point of contact with old ages, are giving 

us different images because of different times and places, they are like materialistic messages from 

past generations to the present with a contemporary protect thought  in order to be a motivation for 

present creative works, which were built to take military, political, social and economic role, to 

serve a  whole  variety of purposes this is what makes fortresses as specific architectural units, so 

the research  concentrated on historic  fortresses in Iraq and studied its architectural landmarks and 

design criteria, therefore the problem is appointed by little studies related to fortresses, and how 

should be developed,  the aims of research are: studying of fortresses, their types besides security 

defensive concepts, finding out characteristic  samples of  local experiences in dealing with the 

fortified fortresses. This fact gave the author motivation to lay ground for a practical method and 

updated study to give Life to the urban and architectural existences in Kirkuk fortress. 
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Fortresses are large fortified buildings or group of buildings usually dominating the  surrounding  

country or a stronghold converted to different uses like cultural, social, residential and tourist 

activities, or a  site of ancient earthworks. 

       There are many classification of fortresses that depend on several factors like: pattern, 

historical way, time, region,  …etc 

        Most  of  fortresses   have  defensive  fortified  factors  like:  fortified  elements, strategic site,  

physical shape and  construction 

More care and attention should be devoted to such monuments like fortresses, whether single 

buildings or urban agglomerations because of their present state are a source of environmental 

pollution rather than focal points of interest and attraction. 

Iraq is especially wealthy in historic fortresses, a fact that calls for continuous and serious efforts to 

bring it to its active state, so that it may not remain as  neglected and useless. 

 According to the above facts, the research is oriented to historic fortresses in Iraq especially Kirkuk 

fortress, as it is very rich in its historic and traditional buildings and urban configurations.  

Although several studies were conducted to bring up the dilapidated state of Kirkuk fortress up to 

the accepted operational active state of construction, but very little was actually done to bring the 

plans into action.  

This reality was one of the main motives to orient this research to this location, especially that the 

germs of dilapidation are still effecting what remains of its   heritage, whether because of war 

devastation, theft, or neglecting.  

Although there are few studies related to the reconstruction of Kirkuk fortress it remains as a 

superficial and outdated to be a real and effective solution to the present state of the fortress. This 

fact led the author to verbal proposals and suggestive planning ideas for the physical development 

in Kirkuk fortress.  

The proposal indicated the division of the fortress into three distinctive areas:  

Conservation area, Mixed area, and an area of new urban design.  

The research ended up with a proposal and recommendation to deal with such locations. 

 
The research focuses on the "Improvement of Kirkuk fortress based on its design criteria" in 

dealing with its three proposal distinctive areas: Conservation area, Mixed area, and an area 

of new urban design.  

 :تمييد
الرئيسلالالاية انماطولالالاا و القمعلالالاة التعلالالار  عملالالاى ماولالالاوم فالالالاي المحلالالاور الأول يلالالاتم : يقسلالالام البحلالالاث اللالالاى أربعلالالاة محلالالااور

عبلار لمبلااني القلا ع حمايلاة ال والعناصلار المعماريلاة المتبعلاة فلاي تكلاكيل فكلارالأسلااليب دراسلاة يكمل والمحور الثاني 
معالمولاا محلادداتوا التصلاميمية و هلام أوتحميل  المحميةنماذج من الق ع يعنى باستج ء أما المحور الثالث  ،التاريخ

 تطلاويرالمحور الرابا فيمثل الجانب التطبيقي لو  ،الدراسةموضوع  باعتبارها عمى قمعة كركوكوالتركيز التحصينية 
 .ة ل اعداد تصاميم جديدة مقترحة توضح ماسبققمعة كركوك من 
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  وأنماطيا القمعة :الأولالمحور 
 : تعريف القمعة - 

 :لغويــا  
نزعلالالان ملالالان موضلالالاعن، واقملالالاا علالالان الأملالالار، تركلالالان وكلالالا  عنلالالان واقملالالاا الكلالالايء، انجملالالاى ( : باتحتلالالاين)قملالالاا الكلالالايء 

كلاراع السلااينة (: بكسلار القلاا  وسلاكون اللا م)القملاا و  .وأقمعلات السلااينة، وأقمعت الغملاة، وانكك ، مثل اقما السحابة
 .(1111-عاصم)حصن ممتنا  أيجما قموع ق ع  :(باتح القا  وسكون ال م)والقما . والقمعة

  :اصطلاحــا  
 :، تم التركيز عمى تعرياين رئيسين لمقمعة (Wikipedia Encyclopedia)في قاموس ويكيبيديا 

 أو مجموعة من المبلااني محاطلاة بجلادران سلاميكة وغالبلاا ملاا تكلاون مويمنلاة عملاى بقيلاة  ،إنوا مبنى كبير محصن
 . ةداموا عن طريق تحويرهاتم استيأرجاء البمدة كما انوا م ئمة لمسكن و 

 الأمن أو الممجأ ،السرية ،إنوا مكان لمةصوصية. 

  يضلالام (A fortified Place)هلالاو مكلالاان حصلالاين : (Oxford English Dictionary)وذكلالارت فلالاي 
 .(EL-Ezabi-1984)حواجز ترابية أثرية قديمة  و مبنى كبير أو مجموعة من الأبنية أو بقايا 

ن الحصلالالاون كلالالااع اسلالالاتةداموا فلالالاي القلالالارون الوسلالالاطى لحمايلالالاة الملالالادن ملالالان العلالالادوان اللالالاداةمي والقمعلالالاة طلالالاراز ملالالا            
أن يتميلالاز  ولالااويراعلالاى فلالاي اةتيلالاار موقع. العصلالاور التلالاي كثلالارت فيولالاا الاضلالاطرابات والحلالاروب فلالاي وةاصلالاة، والةلالاارجي

 .(1111-عاصم)بالعمو والارتااع ليكر  عمى الأرض المحيطة بوا 
وتشــترك يميعيــا  ،أو مدينــة ،أو مبنــم ميــم ،ســواك كانــت قصــرا ،قائمــةاذن القمعــة ىــي وحــدة معماريــة      

 .(0-0)الككل ، مميزةوليا قيم معنوية ومادية  ،وعوامل تحصينية دفاعية يبامتلاكيا موقع إستراتيي
 

  :انماط القلاع  -
 :انماط القلاع حسب المسميات -

 :ةيمكن تقسيم الق ع حسب مسمياتوا إلى ث ثة أنواع متمايز     
  القصر(Palace) :صالة رئيسية ب يمتازويستةدم عادة لمسكن و ، عبارة عن مبنى فةم(Great hall)  
  وكبار الزوار لاستقبال الضيو. 
  اللالاب ط الممكلالاي(Royal castle) : يلالادار ملالان قبلالال الحلالااكم والغلالارض منلالان التحصلالاين قصلالار ذا صلالااة جميملالاة

ات السلالامم أو الحلالارب، وتمعلالاب دورا رئيسلالايا فلالاي وهلالاذا المممكلالاة تحلالاافظ عملالاى السلالايادة فلالاي أوقلالابوجلالان  الوجلالاوم 
  .الكؤون السياسية لمب د ،وتمثل مركزا لمقوة والسمطة والقرارات المومة

 المدينلالاة المحصلالانة   ِ (Fortified city) : مجموعلالاة ملالان الأبنيلالاة كلالايدت او حصلالانت لاغلالاراض دفاعيلالاة
 .عن قمعة كركوكالبحث ما موضوع  ةأكثر المسميات متوافق يوه (www.mcgilluniversity) عسكرية 
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 الباحثة –مفهوم القلعة  (0-0)الشكل                                    
 
 

  :انماط القلاع حسب التطور التاريخي لها -
 :التغيرات الحاصمة لواالتسمسل التاريةي و وتصن  حسب    

  الحصن(stronghold) :لممجأ والذي يجولاز الماللاك علاادة بملاأوى ةلا ل رح تلان المؤقتلاة ويدعى أحيانا با
 .صيدا أوقاتفي  أوالدائمية و 

 ذات الاناءات الق ع(Courtyard castles) : عبارة علان قلا ع جديلادة مكلايدة فلاي أراضلاي للام تسلاتغل ملان
 .من كونوا حصون مغمقة أكثرقبل، مستطيمة الككل وتمتمك أبراج ركنية ضةمة وتكبن المزارع 

 سلالالااكن المحميلالالاة الم(Protected homes) : ويقصلالالاد بولالالاا البيلالالاوت المحصلالالانة التلالالاي اعيلالالاد بنائولالالاا وحلالالادثت
لتكتسب جمالية اضافية، ولقلاد اسلاتبدلت الروافلاد الةكلابية بجلادران حجريلاة صلامدة، وأصلابحت البوابلاات اكثلار 

 .(www.pounds)الةنادق والجسور بتعقيدا في تصاميموا وتااصيموا، واحيطت 

 

 :الوظيفةسب انماط القلاع ح -

  مةتماةالالعسكرية قاعدة لمحم ت دفاعية و حصن وحامية. 

 القلعةمفهوم 

 القلعــة

 قيم معنوية

 والإدارةمركزاً للقوة 

 السلطة السياسية

 مركز هيبة 
 وسلطة وقوة

 ماديةقيم 

مباني تاريخية 
 وتراثية

عناصر انكائية مميزة 
 كالأسوار والأبراج

 نسيج حضري
 متميز

 

قيم 
رمزية 
 للقلعة

 

 قيم
 فيزياوية 

 للقلعة
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 الحكومية مركز لمقوة السياسية والإدارة. 

  سواء بصورة دائمية او مؤقتةأو الحاكم سكن الممك. 

 
 :انماط القلاع تبعا لمييكل -
 الدفاعية مجموعة من الأبراج. 
  ومنصات قتاليةمحصنة أسوار مزودة باتحات. 
 ضةمة  مجموعة من المباني محاطة بجدران أور محصن مبنى كبي(www.morris). 

  
 اليذور التاريخية لمفيوم الحماية: المحور الثاني

        التلالالااريخ وعواملالالال نكلالالاوؤها كماولالالاوم لمحصلالالاانة واللالالادفاع ومقلالالار تنلالالااول فكلالالار الحمايلالالاة الأمنيلالالاة فلالالاي القلالالا ع عبلالالاري     
 .لمحكم والسمطة

 :لمحماية الأولماليذور  -
علالااش الإنسلالالاان فلالالاي القلالارون الغلالالاابرة فلالالاي أملالالااكن مرتاعلالاة وبلالالاين الصلالالاةور التلالالاي كونتولالاا الطبيعلالالاة أو سلالالااهم فلالالاي       

ت الماترسلالاة أو ملالان اأو الحيوانلالا ،ملالان بطلالاش القلالاوى الةارجيلالاة سلالاواء ملالان أةطلالاار الطبيعلالاةهربلالاا تكويناتولالاا الصلالاةرية 
ثم  .(0-1)الككل  ، (Janson–1977)كل ذلك جعل الإنسان القديم يبتغي الحماية . هجمات أجناس بكرية أةرى

وتطمـب ظولارت المدينلاة بعلاد القريلاة ثلام  أنتقل من الم جئ الطبيعية وأنكأ بيتلااً فلاي العلاراء وكلاان بدايلاة تكلاوين القريلاة
 .(Gallion-1963) البيئة المحيطةفي من مواد متوفرة ممتمكاتو لحماية مختمفة ذلك إيياد أساليب 

  :فكرة الارتفاع -
وبةاصلاة الظلاواهر  ،بتقديسن لبعض الظلاواهر الطبيعيلاة تفي الأعمار والتكييد واقترن معار  الإنسان تنم
الوياكل البرجية المرتاعلاة المتدرجلاة التلاي يتربلاا فوقولاا المعبلاد، وان تكلاييد هلاذا الأبلاراج ملاا  ابدأ ينحو منحو السماوية 

وهربلالالااً ملالالان قسلالالااوة الكلالالاوارث ، هلالالاي إلا تعبيلالالار علالالان محاوللالالاة الإنسلالالاان التقلالالارب اللالالاى السلالالاماء وزيلالالاادة القدسلالالاية بالارتالالالااع
 (.2-1)،  (1-1)الككل ،  (0868-بارو) أيضا الطبيعية ومةاطرها

أكثر المموك في الحضارات القديمـة اسـتخدموا الأمـاكن المرتفعـة والربـوات لبنـاك قصـورىم وذلـك ان أي  
وحصـانة أكثـر مـن  لتحصين أماكن إقامتيم، ويبدو أنيم اعتقدوا بأن الأماكن المرتفعة ليا خصوصـية ويماليـة

 .المناطق المنخفضة
 :المحصنة الخنادق والأسوار -
وقا تغيير جوهري في العمارة السومرية وةاصة في العصر الذهبي تجمى في تقنية البناء، فبعلاد أن كانلات        

 الجلادران       أصبحت تحار لوا ةنادق عميقة لوضلاا أساسلاات  ،المعابد تكيد فوق ساحة من الأرض المستوية
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 المعالم الأةلارى ملاث  المعبلاد البيضلاوي فلاي تلال ةالااجيعن احاطة الحرم في المعبد بسور ياصمن و ،  (0868-بارو)
 .(3-1)، الككل  (0871-كري  يوس )أسوار ةارجية بيضوية ب سور

تقلاا عملاى سلاول :" وصلااوا هيلارودوتوفي العمارة البابمية كانت مدينلاة بابلال ملان احكلام ملادن الكلارق القلاديم، و 
م يقسلالاونولالار الالالارات  ،"يتلالايح لعربلالاة تجرهلالاا جيلالااد أربعلالاة أن تنلالادفا فوقلالان ؛ تلالا  بلالان سلالاور سلالامكن ملالان الاناسلالااحفسلالايح، يم
بمثابلاة ةنلادق طبيعلاي، وتلام إضلاافة سلاور ملاا ةنلادق فلاي فتلارة نبوةلاذ هو الذي  من الكمال الى الجنوب، مدينة بابل

  (.4-1)، الككل  (0871-كريكن)نصر لحماية المدينة من الجوة الكرقية 

ج إن اغمب المدن والمسـتوطنات القديمـة قـد سـورت بسـور لمحمايـة مـن المخـاطر الخارييـة فيـو نستنت
بــو إلا بــاب أو أكثــر، واتخــذ أشــكالا متعــددة، وأضــيف الــم  حبمثابــة عــازل يعزليــا عــن العــالم الخــاريي لا ينفــت

س قــوة اســتحكام بعضــيا ســورين أو أكثــر بااضــافة الــم وســائل تحصــينية أخــرلأ مثــل الخنــادق والأبــراج، وتقــا
  .المدينة بقوة الأسوار ومقاييسيا

 :المدن والقصور المحصنة -
يعلالالاد قصلالالار مدينلالالاة ملالالااري اللالالاذي بنلالالاي عملالالاى اللالالانمط السلالالاومري مقلالالارا لمحكلالالام والسلالالامطة، وأمتلالالاد بنلالالااؤا أجيلالالاالًا علالالادة 

ذا بولالاذا الأبنيلالاة المت حقلالاة تتحلالاول اللالاى مدينلالاة ك، فأضلالاي  إليولالاا أبنيلالاة عديلالادة اسلالاتمزمتوا مواملالان الجديلالادة امملالاة داةلالال وا 
مدينة ماري ناسوا ، وأحيطت بن جدران سميكة لا يناتح منوا، سوى بوابلاة واحلادة مملاا جعلال القصلار قمعلاة حصلاينة 

 (.5-1)، الككل  (0871-بارو) تصمد لمحصار الطويل 
ية الآكورية ذروة قوتوا المتمثمة بإقاملاة صلارح فنلاي ذي ر بمغت الإمبراطو ( دور كروكين)وفي موقا ةرسباد 

يحلالايط بولالاا سلالاوراً ضلالاةماً يمتملالاك سلالابعة أبلالاواب،  ،اريلالاة وهلالاي القمعلالاة الممكيلالاة عملالاى كلالاكل حصلالان مربلالاا تقريبلالااً قيملالاة معم
وفلالاي الزاويلالاة الجنوبيلالاة ملالان  س البكلالارية بمثابلالاة حلالاراس لممدينلالاة،وضلالاعت عملالاى جوانبولالاا الثيلالاران المجنحلالاة ذات اللالارؤو 

يةزن فيوا الغنائم التي يحصل عميوا ككل قمعة ثانية ويمثل الترسانة الممكية التي يستطيا أن ب المدينة كيد قصر
  (.6-1)، الككل ( السنة ب  -مورتكات) في حم تن العسكرية

إن القصــور المحصــنة كانــت فــي الغالــب أمــاكن ليــا خصوصــيتيا الســكنية، أو مكانــا صــيفيا لمراحــة أي 
لحيـاة التـي يعيشـيا ونوعا  من العزل بـين ا واستقبال الضيوف وقضاك العطل أيام الصيد، أو معقلا محصنا لو،

 .وما التحصينات إلا تعبير واضح عن قوة تحصين المممكة الممك والحياة خارج ىذه القصور
 

 :الموقع -
فلالاالبتراء فلالاي وادي موسلالاى . فلالاي عصلالاور ملالاا قبلالال الإسلالا م نكلالاأت دويلالا ت عربيلالاة وكانلالات تعتملالاد عملالاى التجلالاارة       

 (.7-1)الككل  ،الجبال كرق الأردن، تمتاز معظم ابنيتوا بأنوا منحوتة في ساوح
ومدينة الحضر التي اكتورت بموقعوا الصحراوي الحصين غرب الموصل بالإضافة الى أسوارها وأبراجولاا        

   .(8-1)الككل ،  (0871-كري  يوس )   ومعابدها واكورها معبد مرن وقصورها
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مـاكن مرتفعـة أو منيعـة كـأن ويمكننا أن نستنتج إن قيام ىذه الدويلات ىو تأكيد عمم نشأة المدن فـي أ
تطــل عمــم نيــر أو وقوعيــا بــين نيــرين ممــا يعطييــا عــاملا  تحصــينيا إضــافيا لمنــع الأخطــار وتفــادي الغــزوات 
عنيـا، وأن اغمـب المـدن وخصوصـا  فـي وادي الرافـدين سـمكت نفـس الأسـموب مـن بنـاك سـور خـاريي وداخمـي 

 .وأبراج لتامين مزيدا من الحماية
 
 
 
 
 
 

 (Huyghe-1962)  نماذج من التكوينات الصةرية( 0-1)الككل  

 
 
 
 
 
 
 

 (Janson-1977) زقورة اورنمو (2-1)الشكل             )0868–بارو)  زقورة الوركاء( 1-1)الشكل       
 نماذج لتطبيق فكرة الارتفاع واستخدام الربوات

 
 
 
 
 
 
 (0861 -دليل وزارة الإعلام ) بابلمدينة ( 4-1)الككل          )0877-سيتن لويد) المعبد البيضوي( 3-1)ككل           
 
 

 خنادق والاسوارلاستخدام النماذج 
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 (0871 -شريف يوسف) ةرسبادقمعة ( 6-1)الككل       (0871 -شريف يوسف)  قصر ماري( 5-1)لككل ا     
 نماذج من القصور والمدن المحصنة

 
 
 
 
 
 

 (0871 -شريف يوسف) العراق -معبد مرن ( 8-1)الككل     (الاردن لدليل السياحيا) دنالأر  -البتراء ( 7-1)الككل 
 نماذج لاستخدام الموقع الحصين

  
 المميزة ليا والمحددات التصميمية  القلاع العراقية: المحور الثالث

تحميمولاا وفقلاا و  (قلا ع الموصلالملان  بعلاضت، و ة أربيلال، قمعلاة هيلاقمعلا)نماذج ملان القلا ع العراقيلاة مثلال دراسة 
معالمولاا  اسلاتج ءو قمعلاة كركلاوك التركيزعملاى ، و الدفاعية التحصينية التي تكتور بولاالممحددات التصميمية والمعالم 

  .باعتبارها موضوع البحثالمعمارية بككل عام ووسائموا الدفاعية بككل ةاص 
 

 : قمعة أربيل -
 ،ئوا عبلالاارة علالان قمعلالاة محصلالانة بأبوابولالاا وأبراجولالاا المحكملالاة ولحقبلالاة طويملالاةكانلالات مدينلالاة أربيلالال فلالاي بدايلالاة نكلالاو 

المتموجلاة  تقلاا مدينلاة أربيلال فلاي الأراضلايحيلاث م 303يبمغ ارتااع مدينلاة أربيلال علان مسلاتوى سلاطح البحلار حلاوالي و 
-اويالعلاز )وملان جولاة أةلارى تحلاد السلاوول الجنوبيلاة والجنوبيلاة الغربيلاة  ،المحاذية لممنلااطق الجبميلاة الكلارقية ملان جولاة

 وكلالاكموا كلالابن دائلالاريمملالاا يعطيولالاا علالاام  دفاعيلالاا م علالان سلالاطح المدينلالاة 25حلالاوالي  اربيلالال معلالاةقترتالالاا ، بينملالاا  (1110
وتتحلالالادث الآثلالالاار والمسلالالا ت  ،بلالالال يحسلالالاب لعلالالادة سلا  ملالالان السلالالانين، قمعلالالاة تلالالااريخ محلالالاددلم للالالايسو ،  (0 -2)الكلالالاكل 

يقلالاوم فلالاوق ( القمعلالاة)ا التلالال الأثلالاري ، وأن المصلالاادر تلالاذهب اللالاى أن هلالاذعلالان هلالاذا القمعلالاة الحجريلالاة وبعلالاض المنحوتلالاات
 .تراكم طبقات أثرية متعاقبة

 :قمعة اربيلالمحددات التصميمية ل -
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إن التلالال اللالاذي تقلالاوم عميلالان القمعلالاة مربلالاا الكلالاكل ( : "بكنغولالاام)الرحاللالاة فقلالاد ذكلالار  الموقــع الحصــين لمقمعــة *
انلالات حصلالانا منيعلالاا مسلالاوراً ويرتالالاا عملالاى سلالاطح منحلالادر واسلالاا وهلالاو ملالان صلالانا البكلالار ومنظلالار القمعلالاة يلالادل عملالاى إنولالاا ك

ذا أوصدت الباب انعزلت القمعة ومن فيوا عن الةارج  (.السنة ب -الجنابي)" ليس لن باب سوى باب واحد وا 
التلالالاي كانلالالات السلالالابب الرئيسلالالاي فلالالاي منلالالاا المولالالااجمين ملالالان  اليـــدران الصـــقيمة لاســـوار المحيطـــة بالقمعـــة *
علان صلامودها أملاام ( ابن واصل)م إكارة الى ذلك ما نقمن ولم تةضا مدينة أربيل لااتح إلا بصعوبة وأقد، ارتقائوا

لموجلارة محلااولًا ضلام هلاذا المدينلاة  415حين حاصرها سنة  -مؤسس اتابكية الموصل -الاتابكي عماد الدين زنكي
إن هلالالاذا القمعلالالاة كانلالالات ملالالان الحصلالالاانة بحيلالالاث عجلالالاز المغلالالاول علالالان ( : "القزوينلالالاي)وبالإضلالالاافة اللالالاى قلالالاول  ،اللالالاى إمارتلالالان

 .(1114-نبيل قصاب)" ما فاتوم كيء من الق ع والحصونافتتاحوا ما إنوم 
بوابتان قديمتان وبوابة ثالثة جديدة نسلابيا، التي تمتمك  أحاط في وقت سابق بالقمعة لخندق عميق آثار  *

وهلاي السلاراي فلاي الجولاة الكلارقية، والطوبةانلاة فلاي الجولاة الجنوبيلاة : وتتلاأل  القمعلاة ملان ث ثلاة إحيلااء سلاكنية رئيسلاية
وملالان المقترحلالاات التطويريلالاة التلالاي وضلالاعت لمقمعلالاة ،  (0874 -الحيلالادري)والتكيلالاة فلالاي الجولالاة الكلالامالية الغربيلالاة  الغربيلالاة،

تحسين الككل الةارجي لمقمعة من ةلا ل الاهتملاام بالملادرجات والسلاور ومجموعلاة المبلااني المنتكلارة عملاى واجواتولاا 
راسلالاة المكتلالاب الاستكلالااري العراقلالاي اللالاذي بالاضلالاافة اللالاى د (0867-كلالايرين احسلالاان)وضلالارورة تثبيلالات سلالااوحوا بالنباتلالاات 

 (0883-صلاحياة الاتحلااد)تضمن مسح عام لممميزات المعمارية لمقمعة وابرازها عند وضا المةططات التطويريلاة لولاا 
 .(2-2) (1-2)الككل ، 
 

  :قمعة ىيت -
 ال ابلان السلاكيت سلاميت هيلات لأنولاا فلاي هلاوة ملان الأرض والأصلال، وقلاتقا مدينة هيت عمى الالارات الأعملاى

( ايث)أي ( ايس)إنوا عمى مسافة ثمانية أيام من بابل مدينة )وذكرها هيرودوتس (. فيوا هوت فصارت الواو ياءا
وتقا عمى الطريق البري الذي  . (1114-موسوعة المدن العراقية) (وهي قائمة عمى كاطئ نور صغير يدعى باسموا

 .جوة أةرىيربط العراق بالحدود الأردنية من جوة والحدود السورية من 
وقمعة هيت عبارة عن نص  دائرة بككل حدوة الالارس ، ومكلايدة عملاى تلال أثلاري فلاي مركلاز المدينلاة القديملاة 
يحدها من الجوة المستقيمة الكمالية نور الارات أما الجوات الث ثة الأةرى فيحيط بوا سور حجلاري، ويحلايط بولاا 

واحد يسمح بمرور السيارات وهلاو محلااذي لنولار  كارع حمقي ةارجي ذو فعاليات تجارية وصناعية ويةترقوا كارع
 . (3-2)الككل  الارات
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 :قمعة ىيتالمحددات التصميمية ل -
م 11 إللاىعمى تل أثري ذا ككل هرملاي، وأعملاى نقطلاة تصلال الذي يتجمى بوقوعوا  الموقع الاستراتييي لمقمعة  -

م، وي حلاظ 05و م07 إللاىالجولاات الأربعلاة  تمثل قمب القمعة أو المنطقة الوسطى لوا ثم يبدأ بلاالنزول تتلادرجياً ملان
و ان بعلاض  ،م عنولاا3ذلك جميا من جوة النور فولاي تتلادرج اللاى أن تصلال اللاى مسلاتوى السلادة التلاي ترتالاا بمقلادار 

ة الكلالاكل  الورملالاي ملالان والحالالااظ عملالاى جماليلالا التلالال المتلالادرجالمقترحلالاات التطويريلالاة التلالاي وضلالاعت لمقمعلالاة ركلالازت عملالاى 
  .(4-2)ر، الككل من روحية المنطقة وما تكتور بن من النواعيوالاستاادة  الناحية المعمارية

املالاا بقيلالاة الجولالاات فكانلالات محاطلالاة بسلالاور ، أن نولالار الالالارات يحلالادها ملالان الجولالاة الكلالاماليةحيلالاث  الســور الطبيعــي  -
سلاوى وللام يتبلاق ملان السلاور  م ويحتوي عمى دعائم بمسافات غير متساوية( 1–0)بين  سمكنيتراوح حجري ضةم 

 .الجوة الجنوبية والجنوبية الغربية لممدينة بعض الأجزاء في
ويتةذ ككل نص  دائلاري تتصلال نواياتلان بنولار الالارات ويسلامى الأول ، القمعة بسوريحيط  خندق ممحق بقناطر -

بالبلالااب الكلالارقي والآةلالار البلالااب الغربلالاي ويمتلالاد فوقلالان قنطلالارتين كبيلالارتين عنلالاد البلالاابين السلالاابقين بالإضلالاافة اللالاى بعلالاض 
كلابكة )يبق حاليا أي اثر من سثار هذا الةندق بسبب تبميط ما حول القمعة ككلاوارع لمسلايارات القناطر الصغيرة ولم 

 .(مدينة هيت:المعمومات الدولية
                :القلاع في الموصل -

الحصلالالان الآكلالالاوري فلالالاوق تلالالال  :مثلالالال كلالالايدت فلالالاي فتلالالارات تاريةيلالالاة متباينلالالاةوالتلالالاي علالالادة قلالالا ع تكلالالاتور الموصلالالال ب       
معلالاة بلالااش طابيلالاا وهلالاي بقايلالاا ، وققمعلالاة الحصلالان اللالاذي أقامولالاا المغلالاول فلالاي وسلالاط المدينلالاة، و الاتابكيلالاةالقمعلالاة ، و قميعلالاات

التلاي أنكلاأها الأتلاراك العثملاانيون ( ايج قمعلاة)لقمعة الداةمية ، واالقمعة الاتابكية وتقا في الزاوية الكمالية الكرقية لوا
وسلالاو  يلالاتم التطلالارق اللالاى أهلالام ( 5-2)لكلالاكل ا ، (0871-اللالاديوا جلالاي) عملالاى نولالار دجملالاة مقابلالال سلالاوق الميلالادان الحلالاالي

  : الق ع

 : الحصن الآشوري فوق تل قميعات -
وهو  ، يكر  عمى السوول الةصبةو تل قميعات من أكبر الت ل التي تكر  عمى غرب نور دجمة يعتبر 

بر أول وتعت م.ق0171ها عاصمة لوم سنة و اتةذحيث وبنى الآكوريون حصناً فوق هذا التل  ،يقابل مدينة نينوى
م عاد قسم من السكان الى تل توبة المقابل لتل قميعات وأقاموا لولاا .ق501وفي سنة  ،قمعة بنيت بمدينة الموصل

وبعضلالاوم أعلالااد تكلالاييد حصلالان تلالال بعلالاد ملالاا اصلالااب مدينلالاة الموصلالال اللالادمار والةلالاراب سلالاوراً فسلالامي بالحصلالان الكلالارقي 
  .(6-2)ل ، الككقميعات وسمي بالحصن الغربي وأطمق عميوما سوياً الحصنان

 :لقمعة الاتابكيةا -
ولعلال العقيميلاين  ،ولا يعر  تاريخ تأسيسلاوا ،كر  عمى نور دجمة ومنابا عين كبريتوتتقا كمال الميدان 

بنى كر  الدولة العقيمي سور الموصلال وبعلادها احكلام جكلارمش ( م0170–هلا363)وفي سنة ، هم أول من أسسوا
فلاي أعملاى : )لقمعلاة الرحاللاة الأندلسلاي ابلان جبيلار عنلادما قلاالوصلا  ا ،حصلاينات إضلاافيةملاا توحار ةندق توا عمار 

مكلالايد البلالاروج وكانلالات القمعلالاة تتصلالال بلالادور  ،سلالاور عتيلالاق البنيلالاة نيتضلالام ،قلالاد رص بناؤهلالاا رصلالااً  ،البملالاد قمعلالاة عظيملالاة
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والتلاي عثلار ( المممكة بممر تحت الأرض يسمكونن عند الحاجة ولم يزل بعض أثار هلاذا المملار فلاي كنيسلاة الطلااهرة
  (.7-2)، الككل عمميات ترميم بعض أقسام الكنيسةعميوا أثناء 

  :قمعة الحصن-
وبعدها جاءت الدولة التركمانيلاة حيلاث ( م0150–هلا551)أنكأت عند احت ل المغول لمدينة الموصل سنة 

اتةذها الحكام حصنا لوم كونولاا وسلاط المدينلاة وعملاى مرتالاا يمتلاد ملان جلااما السلاراي جلااما هيبلاة ةلااتون فلاي وقتنلاا 
، السلالاراي: وملالان أهلالام المعلالاالم المعماريلالاة لقمعلالاة الحصلالان. واللالاى بلالااب الجبملالاين ى قلالارب محملالاة بلالااب النبلالايالحاضلالار اللالا

 . وكارع زقاق الحصن، وجاما السراي، ومقام السيدة نايسة ،ومسجد السراي
 .(ق ع الموصل:ة المعمومات الدوليةككب)وهناك ق ع أةرى مثل باش طابيا والقمعة الداةمية ايج قمعة     

 :المشتركة بين قلاع الموصلالمحددات التصميمية م اى  -
حيث تكترك اغمبوا بامت كولاا مكانلاا سلاتراتيجيا إملاا بوقوعولاا عملاى تلال مرتالاا أو إكلارافوا عملاى نولار فولاي  الموقع -

 .تتةذ من التضاريس الجغرافية الطبيعة حصنا منيعا وسورا دفاعيا اضافيا
 الإمبراطوريلالااتقيلالادا ملالان مثي تولالاا ملالان القلالا ع ظولالارت ملالاا توسلالاا وتحصلالاينات أكثلالار تع أســوار وخنــادق وأبــراج -1

المؤسسلالاة  إنوي حلالاظ ، تطلالاور فنلالاون العملالاارة عواملالال القلالاوة والحمايلالاة ومواكبلالاة ةلالاطمتطمبلالاات تلالاوفير و  سنلالاذاكالحاكملالاة 
 ةالمعماريلالا المعلالاالمبتوثيلاق قاملالات ا معنلالاد (المديريلالاة العاملالاة لأثلاار ومتلالااح  المنطقلالاة الكلامالية)العاملاة لثثلالاار والتلاراث 

علاادة بعلاض الأبنيلاةعملاى  مكلااريا لممحافظلاةفلاي مدينلاة الموصلال اقترحلات علادة الق ع التاريةيلاة مثل  بنلااء أسلاوار  وا 
 .ة والأبواب وبعض الجسور المومةالقمع

 
 
 

 
 
 تصوير  - تراثي بيت( 2-2)الككل         كارت سياحي -اربيل( 1-2)الككل      كبكة المعمومات الدولية -مةطط ( 0-2)لككل ا
 
 
 
 
 
   تصوير -نواعير مدينة هيت ( 4-2)الككل                    كبكة المعمومات الدولية - مةطط قمعة هيت( 3-2)الككل   
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 (0871-الديوه جي)الموصل – السور قبة جامع الباشا وبقية   (6-2)الككل 

          

 
 
 (0871-الديوه جي)الموصل - بقايا القلعة الاتابيكية( 7-2)الككل          ات الدولية  كبكة المعموم -مدينة الموصل( 5-2)ككل ال

                       
  :قمعة كركوك - 

وميادين معروفة سواءا فلاي ظاهرهلاا  ،مومة إن قمعة كركوك كأي مدينة تحتوي عمى منكات وع مات دالة
عاكلات عصلاورا مةتمالاة ملان حضلاارات وثقافلاات لانوا  ،ة في باطنواأو لربما تراكمات وبقايا أثرية لمدن قديمة سابق
وقلالاد تسلالاتمر بعيلالالادة علالان التنقيلالاب وأهلالالاالي  تحكلالالاي قصلالاة تملالاك الحقلالالاب لالتلالاي انقرضلالات تباعلالاا تاركلالالاة كلالاواةص لا تلالازا

ث ثلاة وتتكلاون القمعلاة ملان  ،كركوك يتحدثون منذ أجيال عدة عمى أن القمعلاة الحقيقيلاة تقلاا فلاي جلاو  القمعلاة الحاليلاة
 :المعمارية منوا الكواةصالتي تحوي وميدان  ،وأغالق ،حمام: سيةأحياء رئي

 : البيوت التراثية -
يصلال اللاى  وكان عددها. التي تحتوي بدورها عمى مجموعة من الدور ،إن كل محمة تضم عدداً من الأزقة

 ،اللالادار الةارجيلالاة: وهلالاو يتكلاون ملالان ث ثلاة دور ،طيالالاوردار وأهمولاا  ،داراً  34أملاا الآن فلالاتم الإبقلااء عملالاى  ،داراً  686
سلالانة،  111ودار العلالاريس، ويعتبلالار معمملالااً أثريلالااً لكونلالان يعلالاود إنكلالااؤا اللالاى أكثلالار ملالان ، ( المضلالاي )واللالادار الداةميلالاة 

 (وعبلالاد الغنلالاي ،وميكائيلالال، وتوملالاا، وسلالايد فلالااتح، وعملالاي اغلالاا ،صلالاديق العلالا  : )وملالان اللالادور الأةلالارى( 8-2)الكلالاكل 
ك البيلاوت التراثيلاة ملاا الةصلاائص التصلاميمية لملادور التقميديلاة السلاائدة فلاي وتكتر . (مقابمة ما مدير دائرة الآثار والتراث)

العراق كالاناء والإيوان والمدةل المتعرج وهذا الأساليب هي حصلايمة فرضلاتوا الظلارو  المناةيلاة والتلاأثيرات البيئلاة 
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تعطي أي مؤكر إلى ما  فالبيت التراثي يتميز بالواجوة الةارجية الصماء التي لاة، والتطورات الاجتماعية والثقافي
 .موجود في الداةل

 :القيصرية - 
محلال فلاي الطلاابق  23وجدت مؤةرا أثناء التنقيبات التي أجرتوا دائرة الآثلاار والتلاراث حيلاث تلام الككلا  علان 

يعلالالاود تلالالااريخ بناؤهلالالاا اللالالاى الحقبلالالاة  ،ياصلالالال بينولالالاا رواق مسلالالاتطيل الكلالالاكل، ( تحلالالات مسلالالاتوى سلالالاطح القمعلالالاة)الأرضلالالاي 
قمينجيملالالار )أو ( قاتملالالاا بلالالاازاري) اسلالالامبأقواسلالالاوا وعقودهلالالاا المرمريلالالاة ومعروفلالالاة للالالادى العاملالالاة ب وكانلالالات تمتلالالااز ،السلالالامجوقية

  (.01-2)الككل  (1114-الساعتجي) أي سوق صانعي السيو ( بازاري
 :اليوامع -

 : في قمعة كركوك مجموعة من الجواما أبرزها
الغربلاي لمقمعلاة فلاي محملاة حملاام ويسلامى إن الجاما يقا فلاي الجنلاوب  (:مريمانة)أو ( اولو يامع)اليامع الكبير  *

وأضلالاي  إليلالان  (1114-السلالااعتجي)وكملالاا يظولالار ملالان سثلالاارا انلالان أقلالايم عملالاى أنقلالااض كنيسلالاة ، ( ملالاريم سنلالاا)أيضلالااً جلالااما 
 (.00-2)الككل ،محراب في بيت الص ة ومئذنة في الركن الكرقي

ويضلالام مقلالاام ث ثلالاة أنبيلالااء ، 1م311أقلالايم عملالاى بقايلالاا كنيسلالاة قديملالاة وتبملالاغ مسلالااحتن حلالاوالي  :يــامع النبــي دانيــال *
القلالالارن الثلالالاامن )مئذنلالالاة اللالالاى أواةلالالار العصلالالار المغلالالاولي وبدايلالالاة العصلالالاور التيملالالاوري تعلالالاود الو ، ( دانيلالالاال وحنلالالاين وعلالالازرا)

 . (01-2) مقبرة ذات طابا قديم الككلبن ويحيط القمعة وهي أعمى كاةص بصري في ( الوجري
هلالا حيلاث ثبتلات فلاي مداةملان قطعلاة ملان 0031الى علاام  يقا في منتص  القمعة ويعود تاريخ بناؤا :يامع عريان *

ويمتلالااز بقبتلالان التلالاي تقلالاوم عملالاى أربعلالاة أضلالا ع متسلالااوية ترتكلالاز عميولالاا  ،حجلالار المرملالار كتلالاب عميولالاا التلالااريخ الملالاذكور
ومحرابن محملاى بزةلاار  نباتيلاة  ،م04أض ع تعموها ستة عكر ضمعاً تككل قاعدة القبة التي يصل ارتااعوا الى 

 (.02-2)الككل، ( سية قرسنية)تعمو هذا الزةار   ،ككل أزهار وهندسية ممونة وعمى
 : القبة الخضراك -  

كلاوك )و ،وتعنلاي القبلاة الةضلاراء، ( يكلايل كومبلات)وردت لوا تسميات متعددة معظموا بالمغلاة التركيلاة وهلاي 
القاكلالالالااني  لاعتقلالالالااد أهلالالالاالي المنطقلالالالاة بلالالالاان ،فيطمقلالالالاون عميولالالالاا القبلالالالاة الةضلالالالاراءالآن أملالالالاا  ،القبلالالالاة الزرقلالالالااءأي ( كومبلالالالات

مقاكلالااني تبلالاين انلالان ازرق الملالاون وتكلالاغل مسلالااحة حلالاوالي لولكلالان نتيجلالاة الاحلالاص المةتبلالاري  ،الملالاون المسلالاتةدم اةضلالار
زوجلاة )ويعمو مدةل القبة كتابة تاريةيلاة جلااء فيولاا بأنولاا قبلار لاتلااة  ، هلا651م، وكيدت عام 06وارتااعوا  1م811

هلالا  ودفنلات 651داء فريضلاة الحلاج فلاي ذي القعلادة ملان علاام توفيت أثناء سارها اللاى مكلاة المكرملاة لأ، ( احد الأمراء
في القمعلاة، ويحلايط بمبنلاى القبلاة صلاحن ذو فضلااء ماتلاوح يحلايط بلان أروقلاة مسلاقاة ذات أعملادة مريعلاة الكلاكل تنتولاي 

 . (03-2)الككل (0871-الرم وي) بأقواس مدببة
 : كاتدرائية ام الاحزان -

تدرائية قديمة كانت لممسيحيين الذين سكنوا في محمة تسمى أيضا بكنيسة أم الأحزان بنيت عمى أنقاض كا
م وللالام يبلالاق منولالاا إلا جلالازء ملالان الويكلالال وأجلالازاء ملالان 0751ويعلالاود تلالااريخ بنائولالاا الأول إللالاى سلالانة  ،حملالاام بقمعلالاة كركلالاوك
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مقابملاة ملاا )م ولولاا ممحلاق عبلاارة علان مدرسلاة دينيلاة 0812سقوفوا وأعمدتوا المرمرية وان أةر تجديد لولاا كلاان علاام  
 . (04-2)الككل  (ة الآثار والتراثمدير دائر 
 

 :في قمعة كركوكالمحددات التصميمية اىم 
يحتلاوي السلاور عملاى البوابلاة الرئيسلاية لا بوابلاة الطلاوب لا والبلارج ذو فتحلاات عميقلاة وضلايقة، يعلاود :  السـور والأبـراج *

، يلالالاة المكونلالالاة لمسلالالاورزمنلالالان اللالالاى القلالالارن السلالالاابا الوجلالالاري أي الحقبلالالاة السلالالامجوقية وي حلالالاظ اةت فلالالااً فلالالاي الطبقلالالاات البنائ
ويؤططر ععلؤا السؤور ،  (05-2)الكلاكلالطلاابوق ملان فالطبقات الأولية السلاامى مبنيلاة بلاالحجر أملاا الطبقلاات العميلاا 

، 0886وتم صيانة السور من قبل دائرة الآثار والتراث سنة مقرنصات بهيئة والبرج إفريز من الطابوق الفرشي 
مزاغلالال عملالاى السلالاور والبلالارج وأكملالال  ثبتلالاتو  ،تحميتولالاا بالطلالاابوق الاركلالايبلالاناس طلالارازا القلالاديم ومادتلالان الإنكلالاائية و ورملالام 

وهنلالااك ةمسلالاة أبلالاراج فلالاي اللالاركن الكلالامالي الغربلالاي لمقمعلالاة مقابلالال جسلالار ،  (السلالانة بلالا -غائلالاب فاضلالال)اللالادهميز اللالاداةمي 
 .مسور المطل عمى طريق السميمانية ث ثة أبراج مبنية بالمبنل، و الطبقجمي

( طلالاوب قلالاابو)فلالاي الجولالاة الغربيلالاة بوابتلالاان، الأوللالاى بوابلالاة الطلالاوب : بوابلالاات رئيسلالايةلقمعلالاة كركلالاوك أربلالاا :  البوابــات*
وتط ن عمى نور الةاصة، بلاوابتين فلاي الجولاة الكلارقية هملاا ( داش قابو)والثانية البوابة الحجرية ( 06-2)الككل 

 .(حموة جيمر)، وبوابة الحموجي ( يدي قزلر)بوابة السبا بنات : 
الأصلالال كقمعلالاة عملالاى تلالال دائلالاري غيلالار منلالاتظم ملالادور ترتالالاا علالان السلالاوول المحيطلالاة  بنيلالات كركلالاوك فلالاي:  الموقــع *

م وتكلالالار  عملالالاى وادي نولالالار صلالالاغير ذي ميلالالااا قميملالالاة يالالالايض علالالاادة فلالالاي الاصلالالاول الممطلالالارة ويعلالالار  بنولالالار 07حلالالاوالي 
 .(1111-جمال ركيد)( الةاصة صو)الةاصة 

 
 
 
 

  الجاما الكبير  (00-2)الككل ية                 القيصر ( 01-2)الككل         بيت تراثي       (8-2)لككل ا      
           

 
 
 

  القبة الةضراء  (03-2)الككل          جاما عريان ( 02-2)الككل       جاما النبي دانيال  ( 01-2)الككل             
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 طوبال بوابة( 06-2)الككل       الرئيسي برجال( 05-2)الككل      أم الأحزان  ةكاتدرائي( 04-2)لككل ا            
 تصوير الباحثة -قمعة كركوك معالم  الأككال 

 
محـددات تصـميمية واغمبيـا ان اغمـب القـلاع تشـترك فيمـا بينيـا بامتلاكيـا  نستنتج مـن الدراسـات السـابقة    

يب إنشــائية، وعوامــل الموقــع عناصــر إنشــائية فيزياويــة، وأســال :مثــل والمميــزة ليــا تحصــينيةاللعوامــل تشــكل ا
 .الاستراتييية، والشكل الفيزياوي

 :عوامل تحصينية دفاعية وتشمل*
بلالاين  اللالاذي يتبلالااينللالابعض العناصلالار الإنكلالاائية المميلالازة كالسلالاور  القمعلالاة أي املالات ك :عناصــر إنشــائية فيزياويــة  -أ

 .المدينةفي رسم م مح موما البوابات التي تمعب دوراً و براج لاأعدد من و  ،أو اثنين أو حتى ث ثة واحد
إن اغملالالاب القلالالا ع مبنيلالالاة باسلالالاتةدام الحجلالالار والطلالالاابوق التلالالاي تعتبلالالار مقاوملالالاة لمظلالالارو   :ةالأســـاليب اانشـــائي -ب

حيث إن الأساليب الإنكائية اتجوت نحو التعقيد عبر الزمن فالطبيعية والمناةية ولتوفرها كمادة أولية وبككل عام 
منولاا ، وفي بعلاض الق عالعناصر الإنكائية كالجدران الساندة التي تكيد حول استةدام وسائل مساعدة لتدعيم تم 

ويتم الوصول الى بواباتوا عن طريلاق جسلاور متحركلاة التلاي ألحقلات بأوتلااد ةكلابية اسوارها يحار ةندق مائي حول 
 .داعمة تتحكم في قوة استحكام هذا الق ع

 : ةعوامل الموقع ااستراتييي *
دفاعيلالاة كلالاأن تطلالال عملاى نولالار أو سلالااحل بحلالار أو أن يكلالاون  ةةتلالاار مواقلاا إسلالاتراتيجيإن معظلام القلالا ع كانلالات ت

موقعوا عالياً سواء فوق تملاة طبيعيلاة أو مجموعلاة تلا ل أثريلاة متكونلاة ملان تلاوالي الحضلاارات، أو فلاوق تملاة صلاناعية 
ن أكثلار الملادن القديملاة تأسسلات باعلال وجلاود الأنولاار والبحلاار التلاي أحاطتولاا ملان  علادة جولاات من تكييد الإنسلاان، وا 

 .فوي بمثابة أسوار طبيعية تحيط بوا وتقمل فرص وصول الغرباء إليوا بسوولة
 : الشكل الفيزياوي *

إن اغملالاب القلالا ع أكلالاكالوا دائريلالالاة لان القلالاانون الرئيسلالاي لمكلالالاكل اللالادائري هلالاو إحاطلالالاة أكبلالار مسلالااحة سلالالاطحية 
ذا تم تسقيطوا عمى استةدامات الأرض فلاي حظ إن أغملاب المسلاتوطنات القديملاة كانلات ذات كلاكل دائلاري  ممكنة وا 

التي نتجت أساساً عن ككل أولي لمسياج المستةدم حول ممتمكات الإنسان البدائي كالحقول والماكية فوي تحلايط 
إعطلالااء علالااممي المرونلاة والحمايلالاة بكلالاكل بالإضلالاافة إللاى أكبلار مسلالااحة ممكنلالاة ملان الأرض ملالاا اقلالال اسلاتةدام لمسلالاياج 

 .(07-2)، الككلمتساوي من جميا الجوات



 طالب حميذ الطالب                                                                                             المحذدات التصميمية لمباني القلاع التاريخية في العراق

هذى صباح                                                                                                                           (لقلعة كركوكدراسة تطبيقية )   

 

 0116 

 
 
 
 
 
 
 
 
 
 

 
         الباحثة  - المحددات التصميمية لمباني القلاع (07 -2)الشكل 

 
  :لسياسات التطويرية لقمعة كركوكاالمحددات التصميمة في *

السياسات التطويرية التي المحددات التصميمية وكياية الاستاادة من ةواصوا ومميزاتوا في  التعر  عمى أهم    
 .المكاريا التطويرية المحمية المقترحة لمقمعةبالاضافة الى  دسوضعتوا كركة دوكسيا

 
 :المقترحات التطويرية لشركة دوكسيادس *

ومجموعلاة ملالان تبنلات كلاركة دوكسلايادس علالادة تقلاارير لتطلاوير قمعلالاة كركلاوك بالتعلااون ملاا وزارة البملالاديات العراقيلاة     
  :مرحمتين رئيسيتين اتضح ما يمي التطويري والذي قسم الى البرنامج المقترحالةبراء وعند دراسة 

 والاسلالالاتةدامات المةتمالالالاة ل راضلالالاي الرئيسلالالاية والثانويلالالاة وتعنلالالاى هلالالاذا المرحملالالاة بكلالالابكة الطلالالارق :  المرحمـــة الأولـــم. أ 
ــم أي  تحسلالاين مظولالار الكلالاوارع ملالان ةلالا ل تبميطولالاا ورصلالااواو والمنلالااطق الماتوحلالاة الموجلالاودة فلالاي القمعلالاة  التركيــز عم

عادة تاعيل الأنكلاطة الثقافيلاة والاجتماعيلاة ، و ومعطياتو لا وىوالموقعامة لمقمعة احدلأ المحددات التصميمية المي ا 
م ياي ابـراز القـن حلاول الأهميلاة التاريةيلاة لمقمعلاة لعمل عمى زيادة الوعي لمسلااكني، واوغيرها في الأراضي الماتوحة 

  .ليا المعنوية والمادية
تعري  المحلا ت ب لسابقة في مصطمحات التطوير العمرانيةهذا المرحمة اكبر من المرحمة ا:  المرحمة الثانية. ب 

الثقافيلاة والترفيويلاة  و توضيح هيكل المؤسسات التعميميلاة والإداريلاة، و المركزية الاعاليات الث ث في القمعة ومنطقة 
ن ةلا ل ملامكلااريا الإسلاكان الجديلاد ، بالاضافة اللاى عمم الشكل الفيزياويالتأكيد اي المقترحة الاعاليات التجارية و 

 الموملاةالمعماريلاة والتاريةيلاة  الضلارورية لمكلاواةص عمميلاات الإصلا ح والتلارميمو  ،إعلاادة تصلاميم الأراضلاي الماتوحلاة
Doxiadis-1976)  ( (.08-2)الككل 

  
 

 المحددات التصميمية  

 عوامل تحصينية دفاعية

 عوامل الموقع الإستراتيجية
 

 الشكل الفيزياوي

 عساليب إنشائية
 

 عناصر إنشائية فيزياوية

 تلة صناعية
 

 تلة طبيعية
 

 وقوعها علا نهر عوبحر 
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 :المشاريع التطويرية المحمية لقمعة كركوك*
دائلارة الآثلاار والتلاراث  –علا م وضعت عدة مكاريا تطويرية لقمعة كركوك ابرزها كلاان مكلاروع وزارة الثقافلاة والإ    
المحافظلالالاة عملالالاى سلالالاياحي، و  كني اللالالاىسلالالال طلالالاابا القمعلالالاة ملالالان يلالالاتحو ب وتمثملالالاتم 0882ماتكلالالاية سثلالالاار كركلالالاوك سلالالانة  –

براز ةصوصية ك  منوا لمحافظة قلادر الإمكلاان عملاى الأبنيلاة التراثيلاة المتبقيلاة والعملال ، وا الأحياء الث ث لمقمعة وا 
العملال عملاى جعلال و  ،وا عن المنلااطق الماتوحلاة أو المكلااريا الجديلادة المضلاافةعمى إبرازها من ة ل تحديدها وعزل

المنطقلالاة التراثيلالاة بكلالاكل حمقلالاي محلالايط بالقمعلالاة بالإضلالاافة اللالاى الجلالازء المركلالازي الوسلالاطي اللالاذي يضلالام الأبنيلالاة التاريةيلالاة 
كلالابكة الطلالارق اللالاربط بلالاين الأجلالازاء السلالاابقة علالان طريلالاق إعلالاادة وتلالارميم ، و ضلالاافة المكلالااريا الجديلالادة بينوملالاا، واالموملالاة

تحسين مظور مدرجات القمعة ، و القديمة والتأكيد عمى طريق رئيسي كرياني يربط بين بوابتين رئيسيتين في القمعة
  .وىي من المحددات التعريفية الاساسية لمقمعة ستراتييي والمعالم الميمةالموقع الا ابراز، اي (11-2)الككل 

 
 
 

 

 
 
 
 

 من قبل المشروع المقترح( 11-2)الشكل            قترح لتطوير قلعة كركوك  المشروع الم( 08-2)الشكل        
 0882-مفتشية اثار كركوك / دائرة الاثار والتراث                      0863سنة  –من قبل دوكسيادس                     

                 

 ية المميزة ليا تطوير قمعة كركوك وفقا لمحدداتيا التصميم :لمحور الرابعا
التاكيلالالاد عملالالاى المحلالالاددات ملالالان ةلالالا ل العملالالال بولالالاا قمعلالالاة كركلالالاوك وككلالالا  سليلالالاة لتطلالالاوير يمثلالالال الجانلالالاب التطبيقلالالاي     

وطريقلاة البحلاث المقترحلاة ملان قبلال الباحثلالاة ، التصلاميمية لمبلااني القلا ع بصلاورة عاملاة وقمعلاة كركلاوك بصلاورة ةاصلاة
 :التي تضمنت

  مرحمة التحري والتقصي :أولا  
المتعمقلالاة بواقلالاا  معموملالااتوالالموقلالاا المحلالاددات التصلالاميمية لمقمعلالاة كلالاالتعر  عملالاى مرحملالاة دراسلالاة يقصلالاد بولالاا  
ودراسلالاة الكلالاواةص المعماريلالاة والمعلالاالم التحصلالاينية المميلالازة لمقمعلالاة  ،لولالااوالحقلالاائق التاريةيلالاة والتحميلالال اللالادقيق  الحلالاال

 .واعداد المةططات ال زمة لوا هامن ة ل تصوير  واتوثيقو 
 
 

  ة المعاينة والتحميلرحمم :ثانيا 
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التي تكبن المعاينة الدقيقة لنسيج الكائن العضوي الحي و  يقصد بوا فحص دقيق لمنسيج الحضري وأجزائن 
وتظور نتائج المعاينة  يمة،والضع  تميوا اقتراح الأساليب الع جية الكاالوهن ومن ثم تكةيص أماكن  ،المصاب

تحسين مظورها  إلىإنقاذا، وأةرى تحتاج  نطارئ ليتم إنقاذ ما يمكأن هناك مث  أجزاء تحتاج الى تدةل سريا و 
مناعلاة  التجميمية، وغيرها تحتاج الى إزالة لان وجودها يسبب ضلارراً لا أو أدائوا أي ما يكبن في أصولوا الجراحة

 للاىإعمميلاات التطلاوير وعمى أساس هذا تم فرز وتصني  ، كاستئصال ألأجزاء المصابة في جسم الكائن العضوي
 : رئيسيةمراحل ث ث 

 ولالالالااالايزيلالالالااوي وابلالالالاراز موقعكلالالالاكموا لمقمعلالالالاة مثلالالالال المحافظلالالالاة عملالالالاى تلالالالادةل بسلالالالايط أي تحسلالالالايني  مرحملالالالاة تتضلالالالامن 
 .الموم وتجميل بعض واجوات مبانيواالستراتيجي 

 للالالالالالابعض المبلالالالالالااني والكلالالالالالاواةص التحصلالالالالالاينية كلالالالالالاالابراج والبوابلالالالالالاات طلالالالالالاارئ السلالالالالالاريا و التلالالالالالادةل مرحملالالالالالاة تعنلالالالالالاى بال
  .لممدينة لإعادة دورها الاعال ضمن المكود الحضريعة والسورالمحيط بالقم

 واسلاتبدالوا بمكونلاات لممباني المتورئة وغير الواضحة المعلاالم والتلاي تكلاوا صلاورة القمعلاة نوائية ال الازالة مرحمة
 .حضرية جديدة ت ئم الحاجات المعاصرة لممدينة

 :مرحمة اختيار الأسموب الامثل :ثالثا
فوي تةتم  وتتبلااين ملان حاللاة اللاى أةلارى ، وبملاا هلاو لمتطوير ر الطريقة المناسبة يقصد بوا توجين واةتيا 
ولسلالالاوولة التعاملالالال ملالالاا المةططلالالاات  .ملالالاا تحمملالالان ملالالان مزايلالالاا تصلالالاميمية جديلالالادة فلالالاي ثناياهلالالااو  ملالالان الامكانيلالالاات متلالالاوفر

 :(0-3)الككل متمايزة فيما بينوا مناطق  تم تقسيم القمعة بصورة عامة الى ث ثالتطويرية المقترحة 
ــة المتبقيلالاة فلالاي  الجيلالادةالمعماريلالاة  المنكلالااتالكلالاواةص و كلالامل وت :ة لمقمعــةيلممحــددات التصــميم المنــاطق الحفاظي

 . ، مثل البوابات، والأبراج، والجواما، والبيوت التراثيةبسيطة صيانةتوذيب و القمعة والتي تحتاج الى 
فلاي مواقلاا تتوسلاط ات التصلاميمية لمقمعلاة ويقصد بوا اعلاادة تصلاميم وتجميلاا لمجموعلاة المحلادد :المناطق التيميعية

سلاتأةذ أجزاءهلالاا ملالان المبلااني المودملالاة أو بقايلالاا الوياكلال الإنكلالاائية ملالان والتلالاي المنلااطق الحااظيلالاة والحضلارية الجديلالادة 
 . (1-3)الككل واستموام بعضا من رموزها  ،أعمدة وتيجان وأقواس

أو الأراضلالاي الاضلالااءات فلالاي الجديلالادة وعواملالال تحصلالاينية إضلالاافة وتصلالاميم منكلالاات  :اليديــدة المنــاطق الحضــرية
 (.2-3)الماتوحة ، والتي تت ئم ما حاجات القمعة المطورة وحسب التصميم المقترح الككل 
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 تصميم الباحثة -الجديدة الحضرية و  المناطق الحااظية والتجميعية  (0-3)لككل ا
 
 
 
 
 
 
 
 
 

 تصميم الباحثة –ددات التصميمية لمقمعة لممحالمناطق الحااظية والتجميعية    ( 1-3)الككل 
 
 
 
 
 
 
 

   
 
 

 تصميم الباحثة  – الجديدة ةالحضريالمناطق   ( 2-3)كل لكا
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 :الاستنتايات النيائية
  تتعلالازز روحيتولالاا ملالان ، و وان اةتمالالات فلالاي تسلالامياتوا وانماطولالااوحلالادة معماريلالاة قائملالاة بحلالاد ذاتولالاا تعتبلالار ان القمعلالاة

لبلالاا ملالاا تكلالاون بويئلالاة عواملالال تحصلالاينية مميلالازة لولالاا مثلالال عناصلالار انكلالاائية ةلالا ل محلالادداتوا التصلالاميمية والتلالاي غا
ملالان بنلالااء  يةنلالااً أساسلالااركالتلالاي تعلالاد ا الموقلالاا الاسلالاتراتيجية والكلالاكل الايزيلالااوي ةلالاواصفيزياويلالاة واسلالااليب انكلالاائية و 

  .الحسية والتكوينية واالكثير من حيثياتالقمعة اقد تصورة المكان ولولاها 

  ر الحمايلاة الامنيلاة كلابلادورها فكونلات ي اككالا متعددة في الماضي السلاحيق والتلاي القمعة كماووم معمار اتةذت
الةنادق والاسوار بومن ثم تدعيموا المرتاعة و  لوا بتقادم الزمن من ة ل استةدام الاماكن والربوات الحصينة

دها، ولاننسى المبنى كانت تقاس بضةامة العناصر التحصينية وعد وأوالابراج حيث ان قوة استحكام المدينة 
ان بذرة الاولى في الحماية تتمثل باستةدام الانسان البدائي مواد متوفرة في الطبيعة بويئة سياج بسلايط يحلايط 

 .بممتمكاتن

  بامت كولالاا محلالاددات تصلالاميمية ةاصلالاة بولالاا والتلالاي تعكلالاس بلالادورها بيئتولالاا وابعادهلالاا اغملالاب القلالا ع العراقيلالاة تكلالاترك
ي لوا مما يجعمولاا ذات صلااات مميلازة وةصوصلاية واضلاحة علان مثي تولاا الثقافية والاجتماعية والمسار التارية

والتلاي يجلاب اةلاذها بنظلار كتقنيلاات الانكلااء والملاواد البنائيلاة والتااصلايل المعماريلاة والأللاوان في البمدان المجلااورة 
فوملالاا ارتبطلالاا محيطولالاا بمعلالازل علالان ملالاا القمعلالاة التعاملالال لولالاا، وعلالادم  الاعتبلالاار عنلالاد وضلالاا المةططلالاات التطويريلالاة

 .عبر الزمن وكك  سويا مكودا من مكاهد المدينة ةوحركي ةوبصري ةفيزياوي اتقبع 

  لمحلاددات كلاكموا التصلاميمي  تتمثل في ث ثة منلااطق متملاايزة فيملاا بينولاا ومكمملاةالصورة الجديدة لقمعة كركوك
 .المناطق الحااظية، التجميعية،والحضرية الجديدة: النوائي الا وهي

 

 :اتيالتوص

  بعلالالاد دراسلالالاات واقلالالاا الحلالالاال،  متعلالالاددة التطويريلالالاة لمقمعلالالاة يجلالالاب ان تكلالالاون عملالالاى مراحلالالال ومسلالالاتوياتان العمميلالالاات
التلالاي تعملالال مجتمعلالاة عملالاى افلالاراز مالالااتيح تجديلالادها و ومكوناتولالاا المعماريلالاة الماديلالاة قيمولالاا المعنويلالاة عملالاى والتعلالار  

عادتوا الى واجوة الحياة المعاصرة عمميات التنايذ اذ  سيرالمةططات المقترحة اثناء ويجب متابعة، حضريا وا 
ان التصلالالاميم الاسلالالااس لا يعتبرانجلالالاازا بحلالالاد ذاتلالالان ملالالاا للالالام يلالالارتبط بمكلالالااكل ومعوقلالالاات واقلالالاا الحلالالاال وتقلالالاديم الحملالالاول 

 . المناسبة لوا

  ان عملالاى كلالاملالان ةلالا ل الابقلالااء قلالادر الاممتناهيلالاة ودقلالاة جيلالادة التعاملالال ملالاا المواقلالاا التاريةيلالاة الموملالاة ةبلالارة يتطملالاب
ي اللاتةمص منولاا وان كانلات متورئلاة فقلاد تلادلي هلاذا الادللاة مسلاتقب  بمعموملاات التعرياية وعدم التسرع فلا معالموا
 .عمى فوموا بككل اكثر عمقا وبالتالي تؤثر عمى العممية التطويرية ككلتساعد جديدة 

 متكامل في اةتصاصلااتن فريق عمل  الىالمسؤوليات لوكذا نوع من المكاريا الحضرية الكبيرة إن تعود  يجب
وان لا تتلاوزع الى جولاات عديلادة فبسبب الاحتكلااك المستمر بينوم تاريخية وثقافية مناسبة، خلفية وذوي دراية 



  الهندسةمجلة  0262كانون الأول       61المجلذ       4العذد 
 

 0121 

وينتوي الأمر بنوايات مغمقة وتأةيرات حيوية وتعطيل سير  تواةت   الآراء قد يؤدي الى ة فات وصراعا
 .المكروع

 
 :العربية المصادر

 . 0883،حمقات متتاليةأربا  ،صحياة الاتحاد ،"تطوير قمعة اربيل" ،لالالالالالالا -
 .1114،مطبعة إي   ،بغداد ،5-4العدد  ،ميزوبوتاميا ،موسوعة المدن العراقية ،"هيت" ،لالالالالالالا -

 ،دار الرشؤيد للنشؤر ،بغؤداد ،ترجمة وتعليق عيسا سلمان وسؤليم طؤه التكريتؤي، "بلاد اشور" ،بارو، اندريه -
0871 . 

 .0868وتعميق عيسى سممان وسميم طن التكريتي، بغداد، ، ترجمة "سومر فنونوا وحضارتوا"بارو، اندرين،   -

اربيل، دار  كركوك، ، بحوث المؤتمر العممي حول"كركوك في العصور القديمة ، كركوك" جمال ركيد احمد،  -
 .1110،والنكرئاراس لمطباعة 

  .لنكر، الموصل، دار الكتب لمطباعة وا"مدينة أربيل دراسة في جغرافية الحضر"الجنابي، هاكم ةضر،  -
 ،الموصلالالال مطبعلالالاة جامعلالالاة ،الموصلالالال ،"التجديلالالاد الحضلالالاري لقمعلالالاة اربيلالالال" ،عبلالالاد البلالالااقي عبلالالاد الجبلالالاار ،الحيلالالادري -

0874. 

 . 1111، (الأردن)السياحي الدليل  -

 .0861، بغداد ،وزارة الاع م ،مديرية الاثار العامة ،(بابل)الدليل السياحي  -

لمؤسسة العامة ل ثار والتراث، المديرية العاملاة ل ثلاار ، بغداد، ا"بحث في تراث الموصل "الديوا جي، سعيد،  -
 .0871ومتاح  المنطقة الكمالية،

 .0871، كباط 02، السنة 1، العدد مجمة التراث الكعبيالرم وي، جرجيس محمد،  -

، موسوعة الملادن العراقيلاة، ميزوبوتاميلاا، ترجمة نصرت مردان، "احياء كركوك ومعالموا"الساعتجي، صبحي،  -
 .1114،بغداد ،مطبعة اي  ، 5-4العدد 

والنشؤؤر،  جمؤؤة، ترجمؤؤة محمؤؤود درويؤؤا، بغؤؤداد، دار المؤؤ مون للتر"فؤؤن الشؤؤرق الأدنؤؤا القؤؤديم"سؤؤتين لويؤؤد،  -
0877 . 

 .0871،، بغداد، دار الركيد لمنكر"تاريخ فن العمارة العراقية في مةتم  العصور"كري  يوس ،  -

 .0867 ،رسالة ماجستير ،مة عرفان سعيدترج ،"تطوير قلعة اربيل" ،شيرين إحسان شيرزاد -

 . 1111،مكتبة مدبولي ،مصر ،"معجم مصطمحات العمارة والانون الإس مية" ،عاصم محمد رزق -
 .1110،كركة الةنساء لمطباعة ،بغداد ،"اربيل في مةتم  العصور" ،عباس ،العزاوي -
 .ككركو  ،"ذاكرة كركوك في كواهد وسثار تاريةية كاةصة" ،غائب فاضل كريم -

بغلاداد، المؤسسلاة العاملاة ل ثلاار  ، تعريلاب صلابحي انلاور ركلايد،"عجائلاب اللادنيا فلاي عملاارة بابلال"كريكلان، فريتلاز،  -
 .0871والتراث،
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مطبعلالالاة ، ، ترجملالالاة وتعميلالالاق سلالالاممان وسلالالاميم طلالالان التكريتلالالاي، بغلالالاداد" الالالالان فلالالاي العلالالاراق القلالالاديم"مورتكلالالاات، انطلالالاوان،  -
 .الاديب البغدادية

، بغلالالاداد، مطبعلالالاة 5-4، العلالالادد موسلالالاوعة الملالالادن العراقيلالالاة، ميزوبوتاميلالالاا، "قمعلالالاة اربيلالالال الاثريلالالاة  "نبيلالالال قصلالالااب،  -
 . 1114اي  ،

علالالاادة التاهيلالالال الحضلالالاري لمقلالالا ع التاريةيلالالاة فلالالاي العلالالاراق"هلالالادى صلالالاباح فةراللالالادين،  - ، رسلالالاالة ماجسلالالاتير، "الحالالالااظ وا 
 .1116جامعة بغداد، كمية الوندسة، قسم الوندسة المعمارية،
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 عمارةفي التقميدية الاستدامة مبادىء تحقيق التخطيطية والتصميمية لسبل ال
 المستقبمية المحمية الإسكان

 مدرس مساعد - ميساء ازيارة محمد
 جامعة بغداد-كمية اليندسة -قسم اليندسة المعمارية 

:خلاصة   

اذ ان التوجيات الحديثة ,العممية والاكاديمية لمفاىيم المتداولة في الاوساط اان مفيوم الاستدامة اصبح اليوم من اىم 
في مجال العمارة والتخطيط تدعو الى التعامل مع البيئة ونظاميا الايكولوجي بشكل اكثر وعيا وذلك بالتوافق بين 

العمارة المستدامة "وىذا مايطمق عميو ب,الاداء الاقتصادي والمسؤولية الاجتماعية وسموكيات الحفاظ عمى البيئة
ذي يتجمى باوضح صوره في العمارة التقميدية لموحدات السكنية التراثية من خلال تفاعل عمارتيا مع البيئة وال,"

المبادىء التي اعتمدىا تصميم ىذا المسكن واىم  المحيطة وىذا ماتناولو البحث بالتحميل والدراسة وتشخيص اىم
كما تناول البحث واقع حال عمارة .اساليب الانشاء المعالجات المناخية والاسس التصميمية لاختيار مواد البناء و 

توصل البحث الى مدى تجاوب الوحدات السكنية التقميدية مع شة قمن خلال ىذا التحميل والمناو .الاسكان المعاصرة 
ة البيئة المحيطة واستغلال الطاقات الطبيعية لموصول الى منطقة الراحة للانسان وبالتالي تاشير اىم السبل التصميمي

 .المستقبمية المحمية والتخطيطية لتحقيق الاستدامة في عمارة الاسكان 

ABSTRACT  

Today, the term "sustainability" became one of the most important concepts of interest in 

scientific and academic debates. The modern approaches in planning and architecture call 

for respect of the environment and its ecological system through the harmony among three 

aspects: economical performance ,social responsibility and protection behaviors on 

environment, which is called  “sustainable architecture “.Obviously, this term can be seen in 

traditional  residential dwellings architecture through the interaction with its local 

environmental conditions .This is what this research deals with by the study and analysis, to 

determinate the most important principles of  traditional house design in terms of climate 



ميساء ازيارة                                                                                       يت وانتصميميت نتحقيق مبادىء الاستذامت انتقهيذيتسبم انتخطيطان

 محمذ

في عمارة الإسكان انمحهيت انمستقبهيت   
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treatment , building materials choosing and construction methods .In other aspect, the 

research referred to the existing manners of recent housing architecture .From this analysis 

and discussion the research explain the wide response of traditional housing  to the local 

environment and exploitation of the natural potentials to the realization of the comfort zone 

of occupants. Finally, the research tries to indicate the most important planning and design 

principles to achieve the sustainability in future local housing architecture. 

 :المقدمة 

  :البحثمشكمة  -

لقد شيد القرن العشرين وخاصة النصف الثاني منو ولحد اليوم تطورات كبيرة في مختمف مجالات الحياة 
رد عمى استيلاك الطاقة والموا أساسيفي الصناعة والنقل والمواصلات والبناء والتي اعتمدت بشكل 

مشروعات و ومن ىذه القطاعات قطاع البناء والتشييد بصورة عامة ,الطبيعية التي تمتاز بانيا ناضبة 
من الطاقة تستيمك في قطاع البناء % 04-04حيث تشير الدراسات ان ,بصورة خاصة  الإسكان

وىذا ييدد .اع الطبيعية تستخدم في ىذا القط الأوليةوالتشييد وان ثلاثة مميارات طن سنويا من الموارد 
وان .المزدحمةفي توازن البيئة الطبيعية وعمى مستقبل البشرية خاصة داخل المدن الكبيرة  بالإخلال

التي توضع لمواجية ىذا التيديد عمى المستوى المحمي غائبة وىذا  والتصميميةالمعالجات التخطيطية 
متلائمة مع الطبيعة المحمية بيئيا  من خلال مشاريع الاسكان التي تنشا اليوم والتي جاءت غيرنلاحظو 

 .بل وحتى اجتماعيا

 :ىدف البحث  -

مستفيدا من المعالجات التقميدية في المدينة القديمة  الإسكان عمارةالسبل لتحقيق الاستدامة في  أىم بيان
بشكل اي التعامل مع البيئة المحيطة .استيلاك لمطاقة  بأقللمواجية الظروف الطبيعية المحيطة بيا 

لمبحث عن بدائل تخطيطية وتصميمية لممدن .معماريين والمصممين القبل من  خاصة.اكثر توازنا
الحديثة والمجمعات السكنية الجديدة من خلال الاستفادة من مصادر الطاقة الطبيعية الجديدة منيا 

 .والمتجددة 
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 :منيجية البحث 

 البناءالتصميمية لاختيار مواد  والأسسيدية التقملمنيج  التحميمي لممعالجات المناخية ا:البحثاعتمد 
عمى تصميم  وأثرىااعتمادا عمى المؤثرات البيئية المحيطة لموحدات السكنية التقميدية  الإنشاء وأساليب

 .لاستنباط اسس تخطيطية وتصميمية الوحدات السكنية 

 

 :فرضية البحث  

 

دات السكنية في المستقبل ضروري لحماية ان اعتبار مبدأ المسكن المتوافق بيئيا أساس لتصميم الوح
البيئة والحفاظ عمى مكوناتيا الطبيعية وتقميل التموث والأضرار التي سببتيا الوسائل الحديثة في البناء 
كجزء أساسي من التنمية المستدامة والحفاظ عمى الموارد الطبيعية للأجيال القادمة عمى كوكب الأرض 

.  

 :وأثرىا في التخطيط والعمارة مفيوم التنمية المستدامة  -

 toالتي تعني   sustainالاستدامة كممة قديمة ليا جذور في المغة اللاتينية وىي اشتقاق عن كممة 

hold up ;to support from below   من ,يدعم او يساند ,يطيل البقاء ,يبقي :التي من معانييا
اء ودعم مصادر الطاقة ووسائل المعيشة عمى ىنا جاء استخدام ىذا المصطمح ليعطينا معنى إطالة البق

 .  (Senosiain,2003)كوكب الأرض 

عمى تنوع بيئتو الطبيعية وموروثو الحضاري بل وحتى قيمو الروحية ,عمى مر العصور كان كل مجتمع 
ان المجتمعات التقميدية ىي المكان الذي تتجسد فيو .يستنيض أبناءه لمحفاظ عمى وجوده وكيانو ,

 .ة مفيوما وأسموبا لممعيشة الاستدام
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لم يستخدموا مصطمح الاستدامة كتعبير  الاسلافوبالتالي فان ,ان مفيوم الاستدامة موجود منذ القدم 
عن طريقة معيشتيم وكيفية توفير مصادر العيش والأسموب الذي يبنون بو بل عاشوا المفيوم وطبقوه 

حيطة والاستغلال الأمثل لمموارد الطبيعية جزءا من لقد كان تفاعميم مع البيئة الم.بشكل عفوي وتمقائي 
ضمان بقائيم عمى ىذه الأرض بالتوافق معيا واستغلال ما تجود بو من خيرات والتكيف مع الظروف 

لقد كان مفيوم الاستدامة متواجدا في .الصعبة كالمناخ القاسي وشح بعض الموارد والكوارث الطبيعية 
وبالتالي حافظوا عمى مواردىا وزادوا من خيراتيا ,كانت مصدر حياتيم  نمط حياتيم لان البيئة المحيطة

نابعة من نمط معيشتيم ولم تكن ,الاستدامة بالنسبة ليم كانت عفوية وتمقائية ,وصانوا نعمة الله عمييم 
فان عفوية تعامل الأجداد مع البيئة لم تكن عشوائية ,مما لاشك فيو . اشيئا مقحما او مفروضا او قسري

يدعمو فكر " التجربة والخطأ "و فطرية بل استندت عمى ارث عميق من التجارب والتعمم عبر مبدأ ا
 .مبدع وبصيرة نافذة 

باعتبارىا  (WCED)التعريفات لمتنمية المستدامة تعريف المنظمة العالمية لمبيئة والتنمية  ان من اشمل
للأجيال القادمة الإمكانيات لتحقيق تعني تمبية احتياجات المجتمع في الوقت الحاضر بشكل يوفر 

في الحياة والبناء بشكل أكثر  ىذا التعريف يشير الى تطوير أساليبنا. (WCED,1987)احتياجاتيا 
احتراما لمبيئة عبر الاستغلال الكفء لمصادر الطاقة الطبيعية التقميدية منيا والمتجددة والتقميل من 

والتركيز عمى التقنيات الصديقة لمبيئة .ث والغازات السامة التأثيرات الضارة لاستخدام الطاقة كالتمو 
 خاصة في مشروعات الإسكان
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 : الإسكانلاستدامة مشروعات   أساسية ةالتصميم والتخطيط المستدام  خطو  -

التصميم , (Green Architecture)سادت العالم اليوم مصطمحات عديدة منيا العمارة الخضراء 
 Environmental or) والتصميم البيئي أو الايكولوجي, ( Sustainable Design) المستدام

Ecological Design .) وىي  مسميات ميما بدت متعددة إلا أنيا تسعى في مجموعيا لتحقيق التوازن
لمتقميل من نسب التموث  أخرىبين احتياجات الإنسان من جية والحفاظ عمى الموارد الطبيعية من جية 

 :لتحقيق الاستدامة التقميدية  أساسيةتحديد مفيوم التصميم المستدام كخطوة لذا سيتم .البيئي

 & Kim)من كونو مجرد شكل خارجي لممبنى أكثرالتصميم المستدام ىو مفيوم متكامل لو بعد فمسفي 

Rigdon ,1998) .ما يميز التصميم المستدام كونو شموليا يسعى لتكامل العمارة والتخطيط مع  أىم
 .اقتصادية او صحية ,اجتماعية ,ىندسية  أكانتسواء  لأخرىاالتخصصات 

العديد من  تأخذذات بعد تكاممي مع البيئة وصارت لابد من ان  أصبحتان العمارة المستدامة 
توفير بيئة ,ترشيد استيلاك الطاقة ,تقميل التموث,الحفاظ عمى البيئة :بنظر الاعتبار مثل  الأولويات

لمبناء والتصميم البيئي المعتمد عمى الطاقات الطبيعية  جديدة أساليبر تطوي, للإنسانصحية مريحة 
الاقتصادي طوال عمر المبنى سواء  بالأداءكل ىذا ينبغي ان يكون مقترنا (2001:الزبيدي) .والمتجددة 

 الاستخدام او بإعادةالاستفادة منو بعد انتياء الحاجة  سواء  إمكانيةفي التصميم او مواد البناء وحتى 
 .السمبي عمى البيئة  التأثيربما يقمل من  الأوليةمن مواده 

 :مفيوم الاستدامة في التخطيط والعمارة التقميدية -

لحمايتو من ظروف البيئة الخارجية القاسية وذلك  الإنسانالتي ابتكرىا  الأساسيةىي الوسيمة ان العمارة 
استغلال مصادر الطاقة الطبيعية كالشمس والرياح والتي تعني )عمى الطاقة السمبية او الذاتية  بالاعتماد
مكانيات  .(التربة  وا 

بل انيا اقرب ما تكون لكونيا فكرة ضائعة في ,ان التصميم المستدام المتوافق مع البيئة ليس فكرة جديدة 
بسبب الابتعاد عن الحمول البسيطة لممعالجات المعمارية والاعتماد عمى الحمول )الوقت الحاضر

التي تم ,تتكامل عناصر التصميم المستدام مع الفكر التصميمي لمعمارة التقميدية اذ  .(كيةالميكاني
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باستخدام مواد البناء المحمية  والخطأنجاح حموليا عبر فترات طويمة من التجربة  وأثبتتاختبارىا 
الكيف مستفيدا القديم كان يعيش في  فالإنسان.وبتقنيات بسيطة مدروسة لكنيا نابعة من بيئتيا المحمية 
يحاول استغلال  الإنسانوظل عمى البيئة  التأثيرمن درجات الحرارة الثابتة نسبيا والتيوية الطبيعية دون 

الذي يحميو  المأوىوتطوير الموارد الطبيعية والتكيف مع البيئة لتحسين مستوى 
(Kim&Rigdon,1998). مى الموارد اعتمدت ع لأنياالاستدامة  مبادئاي كان التكيف يحدث ضمن

دون  المتوفرةالمتاحة والتقنيات النابعة من البيئة حيث كانت الحمول فعالة ومتفاعمة مع البيئة والموارد 
 .الحاجة لتحويميا او السيطرة عمييا 

 :المدينة العراقية التقميدية والاستدامة -

ى تطبيق مفيوم الاستدامة عمى مثال عم أفضلتعتبر المدينة العراقية التقميدية بنسيجيا المتضام التقميدي 
, الطول, الشكل, المدينة ومعالجات مسارات الحركة من حيث العرض فتخطيط, ككلمستوى المدينة 

يؤدي النسيج المتضام الى تمطيف .البيئةلمتكيف مع  الأساسيةوتغيير الاتجاه يمثل المرحمة  التوجيو
والرياح الشمسي  والإشعاعالحرارة العالية خاصة درجات  أثرىامؤثرات المناخ القاسية والتخفيف من 

خاصة الوحدات السكنية  الأبنيةعمى  الإجماليالمتربة والحارة وبالتالي التخفيف من العبء الحراري 
 .(-1-شكل )

الحماية :ىما  إستراتيجيتينتم تحقيقو وفق ,بكل ايجابياتيا وسمبياتيا ,ان توافق المسكن مع البيئة 
  والتكيف

ظروف البيئة الطبيعية القاسية كالمناخ الحار وقمة الرطوبة النسبية في  تأثيرت بالحد من كان:الحماية
  .أخرىبعض المناطق وارتفاعيا في مناطق 

الكامنة ليذه الظروف القاسية والتعامل معيا بما يحقق الراحة  الإمكانياتفكان باستغلال  :التكيفاما 
الطبيعية كالشمس والرياح وقدرة التربة عمى الخزن الحراري  الحرارية لمساكنين واستغلال مصادر الطاقة

التي استندت عمييا عمارة وتخطيط المسكن التقميدي والتي يمكن مع  الأساسية المبادئان مثل ىذه .
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بعض التعديل والتحوير والتطوير ان تكون مؤشرات دالة لمتصميم والبناء في العمارة والتخطيط 
 (1442,الزبيدي ) . الإسكانشروعات المعاصرين خاصة في مجال م

 

 

 

 

 

 

 :التقميدي  المسكنالمبادىء الفكرية لتخطيط وتصميم -

الاستدامة  مبدألمتكيف مع البيئة القاسية ولتحقيق استند الفكر التخطيطي والتصميمي لممسكن التقميدي 
  :التالية  المبادئعمى 

 :التقميدي  المسكنالفناء الوسطي المفتوح في  *

 (-2-الشكل )التوجو نحو الداخل  مبدأنا جاء استخدام الفناء الوسطي المفتوح كنقطة مركزية لتحقيق ى
ولتحقيق المرونة  باستخدام المسكن حسب تنوع الفعالية والمؤثرات البيئية كاستخدام الفناء الوسطي في 

اما في الشتاء .لصيف السطح ليلا في ا موالسرداب في فترة ما بعد الظير ث, الأولىساعات الصباح 
 الأرضيمن الطابق  أكثرالشمس لوجود نوافذ  أشعةللاستفادة من  الأولالطابق فتستخدم فضاءات 
كذلك استخدام الفناء الوسطي في الفترات التي ,ومواد بناء مختمفة 

 .شمس كافية نيارا  أشعةتصمو 

 

 ,(مدينة النجف القديمة)في المدينة العراقية التقليدية  النسيج الحضري المتضام -2-الشكل 
 1442,دائرة التخطيط العمراني –وزارة البمديات والأشغال العامة -تقارير دراسة التصميم الاساسي لمدينة النجف الاشرف

 

214ص,2291,(,فتحي,وارين) مسكن تقليدي ذو الفناء الوسطي في مدينة بغداد -1-الشكل   
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ئي في المسكن التقميدي معتمدا عمى عناصر التصميم البي كأحدالحراري لمفناء الوسطي  الأداءيكون 
مستفيدا من الفرق الكبير في درجات الحرارة ما بين Thermal Regulatorكونو يعمل كمنظم حراري 

ضغط متباينة ما بين الشوارع الضيقة المظممة والفناء الوسطي المفتوح  أماكنالميل والنيار وتكوين 
.(Evans, 1980) ( 3-الشكل-) 

 

 

كان  والآخراحدىما كان بفناء وسطي مفتوح ,من المساكن التقميدية في مدينة بغداد  في دراسة لعدد
كفاءة  أكثرالبيئي لمفناء الوسطي المفتوح كان  الأداءوجد ان ,الفناء الوسطي قد تم تغطيتو بمواد خفيفة 

ة في خاص للإنسانمن حيث تقارب المدى الحراري اليومي وكونو يكون ضمن حدود الراحة الحرارية 
اما الفناء المغمق فقد (1442,الزبيدي ).(-4-الشكل .)وفترة ما قبل الظييرة  الأولىساعات الصباح 

ويقل , الأولىالحراري من درجات حرارة اليواء الخارجي في ساعات الصباح  أدائوكاد ان يقترب في 
الحرارة اليواء درجات  تبدأعنيا في فترة ما بعد الظير اما في المساء وبعد غروب الشمس حيث 

حرارة حتى بعد منتصف الميل لكونو يختزن الحرارة  أكثرالخارجي بالانخفاض يكون الفناء المغمق 
الزبيدي )الى السماء كما في الفناء المفتوح  إشعاعيا إعادةمن  يتمكنالمكتسبة طوال النيار دون ان 

(1424,العزاوي), الاداء الحراري للفناء الوسطي في السكن التقليدي -3-الشكل   
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تفاعلا مع المؤثرات البيئية  أكثر نولأكفاءة  الأكثروىذا يدل عمى ان الفناء المفتوح ىو الحل .(1442,
 .لايجابيتو الاجتماعية والوظيفية والجمالية  إضافة

 
 

 :التقميدي  المسكنالحراري لقشرة  لأداءا-

بين الداخل  الأساسيلموحدة السكنية التقميدية الحاجز   Building Envelopeيمثل غلاف المبنى 
البيئة الخارجية القاسية  تأثيرعبره وبواسطتو التخفيف من  حيث يمكن اعتباره الوسط الذي يتم,والخارج 

 .لجعل الفضاءات الداخمية مريحة لمساكنين 

مقاومة انتقال الحرارة وتقميل الكسب  مبدأعمى ( الجدران والسقف )الحراري لغلاف المبنى  الأداءيعتمد 
 .دة نوعا ما لمظروف الخارجية لتوفير بيئة داخمية بار ,  الإمكانالشمسية قدر  الأشعةالحراري وعكس 

فان الخصائص الحرارية لمواد البناء , مريحةالتكيفية وتوفير بيئة داخمية  الإستراتيجيةلتحقيق ىذه 
المكونة لغلاف المبنى كالسعة الحرارية والمقاومة الحرارية والامتصاصية والانبعاثية لا بد ان تعمل عمى 

.  (Collier,1995)الشمسي  الإشعاعاكبر قدر ممكن من  مقاومة الانتقال الحراري خلاليا وتعكس
عميو فان تحقيق مفيوم الاستدامة تم بالاستفادة من قشرة المبنى ليس كحاجز يفصل بين البيئة الخارجية 

  .والفضاءات الداخمية فحسب بل كانت قشرة المبنى جزءا من التصميم لمتكيف مع البيئة والتفاعل معيا 

 :التقميدي المسكنمواد البناء في  -

10ص,(1442,الزبيدي)مخطط درجات الحرارة للفناء الوسطي في مسكن تقليدي  -0-شكل   
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مواد ,يمتاز المسكن التقميدي باستخدام المواد المتوفرة في البيئة كالطين والحجر والجبس وجذوع وسعف النخيل 
  Heat capacityوىي مواد ذات سعة حرارية  للأسسكالطابوق لمجدران والحجر  Massiveالبناء ىذه كتمية 

الحرارية الساقطة عمييا لفترات طويمة في الفترة الحارة من اليوم عالية تبعا لسمكيا وليا قدرة عمى خزن الطاقة 
بذلك .اي بعد غياب مصدر الطاقة ( بعد الغروب)بثيا الى الفضاءات الداخمية فترة المساء  إعادةثم ( النيار )

نى المب عبر قشرةبين الحرارة المكتسبة والمفقودة   Thermal Equilibriumيتم تحقيق الموازنة الحرارية 
 . (Evans,1980)مما يؤدي الى توزيع داخمي منتظم لمحرارة داخل المبنى (السطح والجدران )

لمواد البناء  الحراريةالداخمية يعتمد عمى السعة  السطوحان انتقال الطاقة الحرارية من السطوح الخارجية الى 
وىو ما يسمى بالتخمف ,داخل بثيا الى ال إعادة وتأخيروسمكيا وتتناسب قدرة المادة عمى خزن الحرارة 

وتمتاز مواد البناء التقميدية بان ليا تخمفا زمنيا كبيرا يتراوح .تناسب طردي مع سمك المادة ,Time lagالزمني
الجدران في المسكن التقميدي  لذا نجد ان سمك.(Siani,1980)ساعة تبعا لنوع المادة وسمكيا ( 20-21)بين 

ران دسب موقع الجدار بينما في المساكن الحديثة لا يتجاوز سمك الجم ح( 45.0-45.4-4504)يتراوح بين 
البيئة  تأثيراتمن دور قشرة المبنى كوسط لمتخفيف من م مما قمل كثيرا (.453-4510)الخارجية من الطابوق 

 .الخارجية عمى الفضاءات الداخمية 

درجات الحرارة لفضاء في الطابق قياسات  أخذتحيث ,خر حديث آالحراري لمسكن تقميدي و  للأداءفي دراسة 
الحراري لممسكن  الأداءوجدت ان ,لسطح في المسكن الحديث االى  بالإضافةفي كلا النموذجين  الأرضي

 الأداءمن ذلك نستنتج ان (. 1442,الزبيدي)(-5-الشكل)كفاءة من المسكن الحديث  أكثرالتقميدي كان 
مما لا يتطمب  أكثرمحققا استقرارية حرارية  للإنسانة الحرارية الحراري لممسكن التقميدي كان اقرب لحدود الراح

وىذا يعني التقميل من استيلاك الطاقة وتوفير في الكمفة وعدم ,معو استخدام وسائل التكييف الميكانيكية 
بمة لمواد البناء المتوافقة مع البيئة المحمية والقا الكفءسمبي عمى البيئة ذلك بالاستخدام  تأثيرالتسبب في 

 .الاستدامة  أسسالاستخدام والتصنيع وىو من  لإعادة
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 :التقميدي  المسكنالتربة في  إمكاناتاستغلال  -

الظروف المناخية الخارجية عمى الفضاءات  تأثيرعمى تقميل او تحديد  الأرضتعتمد فكرة البناء تحت 
التبريد والتدفئة )بة الذي يسمى التكييف الخزن الحراري لكتمة التر  إمكانياتوذلك بالاستفادة من ,الداخمية 

 . Mass-effect cooling or heatingالكتمة بتأثير(

عادةالفترات حرارة في السنة  أكثر إثناءالكتمة عمى الخزن الحراري  بتأثيرالتبريد والتدفئة  يعتمد  إطلاقيا وا 
 مبادئوذلك بالاستناد عمى عدة  الأرضالذي يعتمد عميو البناء تحت  المبدأبرودة وىو  الأكثرفي الفترة 

 : (1442,الزبيدي ) ىي أساسية

  الاستفادة من التماس مع التربة لتحقيق الخزن الحراري الفصمي. 
  تقميل الذبذبة الحرارية اليومية. 
 وصول الحدود القصوى لدرجات الحرارة اليومية الى الفضاءات الداخمية  تأخير. 
 الميل إثناء او التفريغ الحراري لممبنى التيوية. 

لموصول الى الراحة الحرارية وتبريد الفضاءات الداخمية  الأرضان الاستفادة من خصائص باطن 
المعروف الية عممو )السكنية التقميدية  الأبنيةاعتمادا عمى الطاقات الطبيعية يتجسد في السرداب في 

تحت  أكثرد يكون طابق واحد او والذي ق(وتكييفو الطبيعي المبني عمى التحرك اليوائي عبر البادكير 

.1ص,(1442,الزبيدي) وحديث مسكن تقليديلمخطط درجات الحرارة  -0-شكل   
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بشكل جزئي  الأرضحيث يكون البناء تحت  الأرضمع بقاء بقية الفضاءات فوق سطح  الأرض
 (-6-الشكل ).

 
 

خاصة في فترة ما بعد الظييرة ,الحراري لمسرداب  الأداءالمسكن التقميدي اتضحت كفاءة  عنفي دراسة 
 (1442,الزبيدي ).(-7-الشكل )حدوده القصوى الى  الخارجيحيث تصل درجات حرارة اليواء ,

 

 

221ص,2891,فتحي,وارين .السرداب احد تطبيقات الاستدامة باستغلال خصائص التربة -6-الشكل   

34ص,(1442,الزبيدي)في مسكن تقليدي  للسردابمخطط درجات الحرارة  -.-شكل   
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التصميمية والتخطيطية لممسكن التقميدي يتجسد مدى التجاوب مع البيئة  لممبادئمن التحميل السابق 
عمارة توفر الراحة لمساكنين وتحافظ عمى  لإقامةواستغلال الموارد المتاحة في البيئة المحيطة المحمية 

عمارة المعاصرة الى مفيوم التنمية المستدامة المعاصر والذي يجب عم ساسأوىذا .الموارد الطبيعية 
 قراءةمن خلال  إلاوذلك لا يمكن لمدننا العراقية ان تثبت انيا قادرة عمى استيعاب متطمبات ىذا المفيوم 

زج ىذه التخطيط والعمارة التقميديين واختيار ما ىو ملائم منيا لمبيئة المحمية والمناخ وتطوير وم مبادئ
 .المستقبمية المحمية  الإسكانمع التقنيات الحديثة واستخداميا في مشروعات  المبادئ

 :المعاصرةالمحمية  الإسكانواقع مشروعات  -

التي كان ليا الدور الواضح و في العمارة شيدت مرحمة الخمسينات والستينات تحولات و مفاىيم حديثة 
،  أفكارىمبيذه التيارات من خلال طروحاتيم و  الأكاديميين رتأثمن خلال ، في العراق والعالم العربي 

، بمدانيم واتساع نطاق العمل والخبرة اليندسية  إلىالخارج والمبعوثين العائدين  إلىومن خلال الموفدين 
تقميد ونقل يقوموا بىم المعماريين أ اذ اصبحونشوء الجمعيات الفنية والمعمارية والتخطيطية المشتركة ، 

وزرعيا في مناطق جغرافية متباينة ( مفاىيم العمارة العالمية)التخطيطية والمعمارية السائدة  ارالأفك
 . الأخرىوالقيم  والطبوغرافيةالطبيعة 

العمران  إنذلك كلم تكتب الاستمرارية لامتداد المدينة التقميدية الحضاري في العمارة المعاصرة ، 
صورة عن ملامح  بأيتياجات المجتمع المسمم ، ولا يعبر كثير من متطمبات واح إلىالمعاصر يفتقد 

وفيما يأتي عرض لبعض المعاني و التطبيقات السمبية من مضامين شخصية . شخصيتيا الحضارية 
 :المحميةلمشروعات الاسكان  العمراني المعاصر الإطاروخصائص 

 :المعاصرة   المحمية الإسكانالموقع والتخطيط في مشروعات *

عمى الاغمب قطعة من الارض غير منتظمة (موقع الوحدة السكنية)ع في السكن التقميدي كان الموق
الشكل لذا كان الفناء الوسطي منتظم الشكل يسقط اولا في وسط او احد جوانب الموقع وعمى اساسو يتم 

 يتم تعديل الموقع بجعل بعض الفضاءات الخدمية غير المنتظمة الشكل.تصميم بقية فضاءات المسكن 
او باستخدام الجدران السميكة والتي يستفاد من سمكيا في عمل الفتحات والحنايا والخزائن او ملاقف 

فالوحدة .الشوارع اشكالالوحدات السكنية مع بعضيا البعض ىو الذي يحدد  تراتب كما ان.اليواء 
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قطع السكنية ذات الغالبية العظمى من أشكال الوبما ان .القياسية لتشكيل النسيج العضوي ىي الانسان
التضام ) الفصل بينيا عمى مستوى المخطط شكل غير منتظم فيصعب تمييز الوحدات السكنية و

  .(والتكافل 

وتوزيع  ىي التي تحدد مساقطالاحياء السكنية الحديثة في عمى العكس من النمط العضوي فأن الشوارع  
ىناك نزعة ىندسية لتقسيم و .ىي المركبةالوحدة القياسية لتشكيل النسيج الحضري ف.الوحدات السكنية

عمى العكس (التفكك والفردية )وفقا لمنمط الشبكي فيمكن وبكل سيولة تمييز الوحدات السكنية  الاراضي
مدننا  بوواضحا بالمحدد المناخي الذي تتسم  والذي شكل اخفاقا .مما كان سائدا في النسيج العضوي

-8-الشكل ) .الشمسي للاشعاعمساحات واسعة معرضة  انماو الضوء  وعامة فلا وجود لمظل  العراقية
) 

 

 

 

العراق فشكل احتلال الانكميز  ظل الشكل العضوي طابعا مميزا لممدينة العراقية حتى دخول الانكميز الى
فاصمة تغير الفكر التخطيطي ولكن ىناك نقطتان ميمتان شكمت الانفصال العام لمبنية العضوية ,لبغداد
 :ىي النمط الشبكي وظيور

 والذي بموجبو قسم .2230لسنة  الابنية ونظام الطرق  و 2232البمديات سنة ادارةقانون  اعلان
 .(2)المدينة والمناطق السكنية الى اصناف حسب الجدول 

تقارير دراسة التصميم الاساسي  ,التفكك والفردية في النمط الشبكي غير المتلائم مع البيئة المحمية,مجمع سكني معاصر في النجف الاشرف  -9-الشكل 
1442,دائرة التخطيط العمراني –وزارة البمديات والأشغال العامة -لمدينة النجف الاشرف  
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 خصوصا بعد زيادة الواردات النفطية لمعراق 2204سنة  تشكيل مجمس الاعمار. 

طروحات وافكار غربية من حيث الكثافات وارتفاعات الابنية اذ ظيرت مشاريع اسكانية  مبنية عمى 
كمونة ).الارتدادت  التي لا تتلائم مع متطمبات البيئة المحمية الطبيعية والاجتماعية عرض الممرات و و 
 (.9ص,2292,
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صنف 
المنطقة 
  السكنية

مساحة 
  ²القطعةم

المساحة 
  المشيدة

مسافة 
الارتداد 
  الامامي

عرض 
  الطريق

 عرض
  المماشي

عرض 
واجية 
  القطعة

  8  3  4  - % 111  111-1  الاولى

-111  الثانية
211  

111 % -  8  3  8  

-211  الثالثة
311  

65 % 2.5  11  6  15  

-311  الرابعة
611  

55 % 4  12  6  21  

-611  الخاصة
811  

51 % 5  15  6  25  

-811  الممتازة
1111  

31 % 5  15  6  25  

 

 :المعاصرة  المحمية   الإسكانالتظميل والتشجير في مشروعات  *

تقميل ,اعتمدت عمارة المسكن التقميدي عمى توفير الظل ذاتيا وذلك من خلال تجاور الوحدات السكنية 
عرض مسارات الحركة خاصة في المحلات السكنية وتظميميا بالبروزات والتطميعات او حتى بناء فضاء 

اما الفناء الوسطي فقد كان يوفر ظلالا .الزقاق او مسار الحركة من الطابق الاول  او غرفة تمتد فوق
 .عمى اجزاء منو سواء بجدرانو المرتفعة او النباتات والاشجار التي تزرع فيو

فان ليا علاقة , (الارتفاع الى العرض)عر/عالمقطع العمودي لفضاء الشارع السكني  وفيما يخص ابعاد
الشمسية النافذة  وكمما زادت ىذه النسبة كمما قمت نسبة الاشعة. اليوالشمس  اشعةل وثيقة بزاوية دخو 

فحققت (  2:   0 -3)  ففي النموذج العضوي كانت ىذه النسبة تصل الى.فضاء الشارع السكني الى
 (-9-الشكل ) .فضاء الشارع السكني الىالشمسية  الاشعةكفاءة مناخية عالية حيث قممت من نفوذ 

الوقائع العراقية ,2230لسنة  الابنية ونظام الطرق حسب  اصناف المناطق السكنية 2الجدول   
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(  0 -0:  2)  لتصل الى(عر /ع)عمى العكس مما نجده حاليا في المدينة العراقية فتقل نسبة        
لسنة  00رقم  الابنية ونظام الطرق ) العراقيةممدينة لو المعايير المحمية  الانظمة وىذا يعود الى.

تقميل ىذه النسبة والتي ساىمت ب 22.3لسنة  .0لمدينة بغداد رقم  الاساسوقانون التصميم  2230
و الخمفية التي تأخذ بنظر الاعتبار المتطمبات الوظيفية فقط  الاماميةمن خلال فرضيا للارتدادات 

  (-11-الشكل ) .ممدينة لدون أية مراعاة لمتطمبات المناخ الحار الجاف 

 

 

68ص,2117,ريـاض.في النموذج التقميديالكفاءة المناخية من خلال نسبة الارتفاع الى العرض  -2-الشكل   

عدم مراعاة الظروف البيئة المحمية الاجتماعية والمناخية من خلال نسبة الارتفاع الى العرض  -24-الشكل 
(115ص,2117,ريـاض).في النموذج المعاصر ( عر/ع)   
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 :المعاصرة  المحمية  الإسكانالتيوية الطبيعية في مشروعات  *

فالفناء الوسطي يعتبر الرئة .لتقميدية اساليب مبتكرة لمحصول عمى التيوية الطبيعيةلقد طورت العمارة ا
والمتنفس الرئيسي لممسكن والذي يعمل كمنظم حراري مستفيدا من التذبذب الكبير بين درجات الحرارة ما 

ءات في فضاء فالانحنا, الموقعيليندسية الشارع علاقة وثيقة بتحسين المناخ  كما ان.بين الميل والنيار 
الشارع وتغير اتجاىو في المناطق الحارة الجافة  تساعد عمى الاستقرار الحراري وركود اليواء البارد 

المناطق الحارة الجافة  بياالتي تمتاز  الاتربة والرمل  تالشارع وكذلك تصفية اليواء من حبيبا اسفل
 .عموما

الرتيبة التي تتخمميا  متاز بشوارعيا المستقيمة وعمى العكس من المحلات السكنية في النموذج الشبكي فت
كذلك في المشروعات الاسكانية المتعددة (-11-الشكل).حركة ىواء متربة وسريعة وغير مسيطر عمييا

الطوابق فان التباعد بين الابنية والفضاءات الواسعة المعرضة الى الاشعاع المباشر يسبب خمق دوامات 
 (-12-الشكل ).لسريع غير المتلائم مع منطقة الراحة للانسان المحمي من الغبار والتحرك اليوائي ا
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مشروعات الاسكانية العمودية نفس العاصر لا يستطيع خمق جو موقعي خاص وفي نمط الشوارع في النموذج الم -22-الشكل 
اعداد الباحث(.شارع حيفا)المشكمة  
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  فصل الشتاء  فصل الصيف 

  °22-° 21  °28-° 26 درجة الحرارة 

  %61% 41  %51-% 31 الرطوبة النسبية 

  ثا/م1.5-ثا/م1.17  ثا/م1.5-ثا/م1.5  حركة اليواء

 

 :المعاصرة  المحمية  انالإسكمواد البناء في مشروعات  *

مواد البناء المستخدمة في المسكن التقميدي كانت نابعة من البيئة وذات ديمومة عالية كالحجر والطابوق 
كما ان الخواص الحراربة والفيزيائية لمواد البناء التقميدية ساعدت .الذي يمكن ان يعمر مئات السنين 

-الشكل.كما ذكر سابقاير البيئة الخارجية القاسية عمى جعل قشرة المبنى الوسط الذي يخفف من تاث
13- 

 

 

ظ استخدام المواد ذات المعاملات الحرارية غير المتلائمة مع حاما مشروعات الاسكان المعاصرة فنلا      
لبيئة المحمية وخاصة في الاسكان العمودي  مثل الجدران الكونكريتية المسبقة الصنع وذات السمك ا

سم ىذا عمى مستوى الكتل اما الفضاءات الحضرية فنلاحظ استخدام مادة  24ز الالذي لا يتجاو 

.144,ريـاض.يوضح متغيرات الراحة الحرارية الملائمة للإنسان العراقي(-21-الشكل)   

 

الباحث تصوير. مواد البناء المحمية المتفاعمة مع البيئة الطبيعية-23-الشكل   
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الاسفمت في رصف الارصفة والساحات العامة والتي تعمل عمى تقميل الكفاءة المناخية لمفضاء الحضري 
 -14-الشكل.

 

 

 

 : المستقبمية المحمية  الإسكانالاستدامة التقميدية في مشروعات  مبادئاستنباط  -

التخطيط والعمارة  مبادئعبر تكامل  يأتيالمستقبمية  الإسكانن تحقيق الاستدامة في مشروعات ا
مواد الحفاظ عمى مصادر :ق قالتقميدية لمسكن التقميدي مع نظم ووسائل التكنولوجيا الحديثة والذي يح

تقميل التموث ,ل التوفير في الطاقة وكمف التشغي,توفير الراحة لمساكنين ,البناء والطاقة الطبيعية 
اي ان يكون متوازنا بيئيا نابعا من بيئتو ومتوافقا معيا .الاستخدام  إعادةوالمخمفات والتوفير عن طريق 

 .القادمة  للأجيالومحافظا عمى مواردىا  إمكانياتيامستفيدا من 

الطاقة التي استند عمييا المسكن التقميدي لترشيد استيلاك  المبادئويمكن ان نستخمص مجموعة من 
 الإسكانوالتي يمكن ان نطورىا كمؤشرات لمشروعات عمى البيئة  التأثيروتوفير الراحة لمساكنين دون 

 :المستقبمية 

لمسبقة الصنع مع مساحات التبميط الكونكريتية والاسفمتية الكبيرة تقمل من الاداء مواد البناء الكونكريتية ا -20-الشكل 
2290,كراس مشروع تطوير شارع حيفا ,(شارع حيفا)الحراري لممبنى ولمنسيج الحضري  

 



ميساء ازيارة                                                                                       يت وانتصميميت نتحقيق مبادىء الاستذامت انتقهيذيتسبم انتخطيطان

 محمذ

في عمارة الإسكان انمحهيت انمستقبهيت   
 

 
 

1055 

 :المستقبمية   الإسكانفي مشروعات الموقع والتخطيط  *

زيادة كفاءة التخطيط والتصميم  أساسياالتي يمكن عمى  الأساسيةان تخطيط الموقع يعتبر الخطوة 
التوجيو ,بالنسبة لزوايا سقوط الشمس والرياح السائدة  فتسقيط المبنى بشكل مدروس, الإسكانيروع لممش

الموقع  لإمكانيات الأمثلالصحيح لمفضاءات المختمفة تبعا لوظيفة ومتطمبات كل فضاء والاستغلال 
ئة المحيطة الى في تمطيف البي أساسياتمثل مرحمة ميمة في التخطيط وعاملا  والطبوغرافيةالجغرافية 

  .السمبي عمى المسكن وتزيد من ايجابيتيا لراحة الساكنين  تأثيرىادرجة تقمل من 

 : إن الغاية من تحديد نسبة ارتفاع كتمة الوحدة السكنية إلى عرض فضاء الشارع السكني المقابل ليا ىو

 تقميل نفوذ الأشعة الشمسية إلى داخل الفضاء الحضري. 

 خصوصا خلال الفترة الحارة ح لفضاء الشارع والتحكم باختراق الريا. 

عمى رفع درجة  وذلك لأنو في مناخ حار جاف مثل مناخ مدينة بغداد تعمل الرياح عمى  الحارة المتربة
حرارة الفضاء فلابد من التحكم بحركتيا من خلال عدة إجراءات أوليا تحديد حجم الفضاء الحضري 

 :وذلك عن طريق ( عرضالارتفاع الى ال)بواسطة زيادة نسبة 

المناخية  وتقميل المسافة الفاصمة بين الكتل السكنية المتقابمة إلى الحد الذي يضمن الملائمة الوظيفية       
في آن واحد وىذا يتطمب تقميل مسافة الحدائق الأمامية الموجودة في القطع السكنية المتقابمة من اجل 

لاسيما ذات النمط  واب منيا مما يزيد من تضام الأبنية أو الاقتر (  3 -1: 2)الوصول إلى النسبة 
- 15-الشكل . المتصل أو شبو المتصل
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 :المستقبمية المحمية الإسكانالتظميل والتشجير في مشروعات  *

سواء بالمزروعات والخضرة الطبيعية او وسائل التظميل  الإسكانلا بد من توفير الظلال في مشروعات 
 الإجماليمما يقمل من العبء الحراري  توالمسقفا Screensحجابات الشمس والمثل كاسرات  الأخرى

وفرت التقنيات الحديثة وسائل متطورة لمتظميل .عمى المبنى وبالتالي يقمل من الطاقة اللازمة لمتكييف 
سرات وتقميل نفوذية الحرارة لمداخل كالزجاج العاكس والمظمل والمزدوج المزود بعوازل حرارية وكذلك الكا

 . الآلياليا وحتى بالحاسوب  والمظلات التي يمكن التحكم بيا يدويا او

لاسيما خلال فصل  ولذلك نحتاج إلى ترطيب الجو و( حار جاف)ىو مناخ المدينة العراقية  بما إن مناخ     
استخدام  وفي الساحات الحضرية  النافوراتالصيف وذلك عن طريق وسائل متعددة منيا استخدام 

تكوين  والذي يؤدي إلى تقميل درجة حرارة اليواء  وجير الكثيف فييا وعل جانبي فضاء الطريق التش
ترطيب  ومناخ موقعي ألطف نسبيا من المناخ العام بفعل قابمية ىذه الأشجار عمى امتصاص الحرارة 

 .الجو بفعل بخار الماء منيا بالإضافة إلى التضميل

فأن اختيار الأشجار التي تزرع عمى جانبيو يجب أن تكون من نوع وفيما يخص تشجير فضاء الطريق      
لتعطي الظلال  الأشجار الموسمية التي تعطي خواص مناخية جيدة حيث أنيا تكون كثيفة التوريق صيفاً 

لتحقيق ذلك فيجب الاعتناء  فتسمح لأشعة الشمس بالنفوذ إلى داخل الفضاء الحضري و أما شتاءاً 
 .اختيار نوع الشجرة الملائم  وحيح للأشجار باختيار التوقيع الص

 وتقليل المسافة الفاصلة بين الكتل السكنية المتقابلة إلى الحد الذي يضمن الملائمة الوظيفية  -20-الشكل 

(اعداد الباحثة )ناخيةالم  

) 
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 :المستقبمية المحمية الإسكانالتيوية الطبيعية في مشروعات  *

المسكن التقميدي لتقميل العبء الحراري والتخمص من الحرارة  إستراتيجيات أىمالطبيعية  تمثل التيوية
ن الفتحات الصغيرة الا ان تحقيق عمى الرغم م.لمساكنينالمختزنة في قشرة المبنى لتوفير بيئة مريحة 

لذا لابد ,(البادكير ,الفناء الوسطي المفتوح )من خلال المعالجات البيئية المعروفة التيوية الطبيعية يتم 
المستقبمية سواء عبر الفتحات او ملاقف  الإسكانالطبيعية في مشروعات  والإنارةمن دراسة نمط التيوية 

دة وتوفير ىواء نقي حفاظا عمى صحة الساكنين وتقميل المجوء الى اليواء لمتخمص من الحرارة الزائ
 . الميكانيكيةاستخدام وسائل التكييف 

 :المستقبمية المحمية الإسكانمواد البناء في مشروعات  *

ايجابي عمى صحة  تأثيرع بعض يمكن ان يكون ذا مالاختيار المدروس لمواد البناء وكيفية ترابطيا 
كما ان مواد البناء . الإسكانلطاقة في مشروعات اميل الكمف والترشيد في استيلاك تق,وراحة الساكنين 

السمبية لممسكن عمى البيئة دون ان تسبب زيادة في كمفة البناء والصيانة  التأثيراتالملائمة تقمل من 
 الإسكانويمكن وضع بعض الضوابط في اختيار مواد البناء التي يفضل استخداميا في مشروعات 

 :مستقبمية ال

  بتوازنيا مثل  الإخلالمن الطبيعة وقابمة لمتجديد اي يمكن ان تعاد الى الطبيعة دون  مأخوذةمواد
مع المناخ  تتلاءمالسنين ولو خواص حرارية وبيئية  ألافمنذ  الاسلافالطابوق الذي استخدمو 

 . لمعراقالحار 
  استخداميا  إعادةمواد يمكنrecycling  لمواد المكونة ليا مما يقمل من اليدر او الاستفادة من ا

في المواد الخام او الطاقة اللازمة لمتصنيع اي تساعد في الحفاظ عمى الموارد الطبيعية كالحديد 
 .من مرة  لأكثرالذي يمكن استخدامو 

  لإنتاجوقميمة الصيانة عند الاستخدام مما يوفر من استيلاك المواد الخام  الأمدمواد متينة طويمة 
 .بديمة  مواد
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  سمبي عمى صحة الساكنين والذي  تأثيرمواد غير سامة ولا تطمق الغازات الضارة لان ىذا لو
 .سمبية تودي الى تموث البيئة  أثاراكما ان لو ,يمكن ان يمتد الى سنوات طويمة 

 الحضرية وخصوصا الساحات  نقترح التقميل من استخدام التبميط الإسفمتي في أكساء الفضاءات
ة لما ليا من الأثر الكبير في تقميل الكفاءة المناخية لمنسيج الحضري ككل بفعل زيادة الحضري

وان يقتصر التبميط عمى الشوارع المخصصة لسير ,والحرارة المخزونةالأشعة الشمسية المنعكسة 
ألفرشي في إنياء  الطابوقالمركبات بينما تستعمل مواد أخرى ذات انعكاسية اقل مثل الحجر أو 

  .الممرات المخصصة لسير السابمة واشي المم

 :المستقبمية المحمية الإسكانالتصميم البيئي والحفاظ عمى الطاقة في مشروعات  *

وتقميل الاعتماد   passive energyارتبط مفيوم التصميم البيئي باستغلال الطاقة الذاتية او السمبية 
صحية والمجوء الى مصادر طاقة جديدة اقتصادية وبيئية و  لأسبابعمى مصادر الطاقة المعروفة 

 .ومتجددة وىذا يتم من خلال استغلال مكونات البيئة الطبيعية لمحصول عمى الطاقة اللازمة 

المستقبمية لابد ان تكون متوافقة مع البيئة عبر التصميم المدروس لكل عناصر  الإسكانان مشروعات 
الداخمية المريحة لمساكنين والترشيد في استيلاك الطاقة البناء والموقع وقشرة المبنى والذي سيوفر البيئة 

 والإنارةالى تقميل انبعاث الغازات من التكييف والتيوية  بالإضافةمما يعني اقتصادا في كمفة التكييف 
 . الأرضالميكانيكية والتي تزيد من ظاىرة الاحتباس الحراري عمى كوكب 

بنظر الاعتبار عند تصميم  أخذىاورة التي لابد من الحديثة والمتط يد من التقنياتان ىناك العد
عادةترشيد استخدام المياه ,العزل الحراري  أساليب:مثل  الإسكانمشروعات  التخمص من ,استخداميا  وا 
الطاقة الكيربائية خاصة في  لتوليدالاعتماد عمى مصادر طبيعية ,تسخين المياه الشمسية  ألواح,النفايات 

 .مناطق توليد الطاقة التقميدية  نالمواقع التي تبعد ع
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 :الاستنتاجات والتوصيات  -

 :توصل البحث الى جممة من الاستنتاجات ىي    
  استطاع المعمار العربي القديم أن يبتكر حمولا واساليب معمارية و تخطيطية تخفف من قساوة

عن طريق التكوين فيما يتعمق بتأثيرات الاشعاع الشمسي و حركة الرياح وذلك ً المناخ و خصوصا
المتضام للابنية والشوارع المنحنية و الفناءات الداخمية وتدرج الحجم الفضائي لمطريق وكانت ىذه 
المعالجات جزء من اسموب الحياة لممجتمع وفق مبداءي الحماية والتكيف وىي من اساسيات مفيوم 

ة ومواد البناء المتطورة ساعدت التطورات الحديثة في التكنولوجيا ونقل مصادر الطاقاما .الاستدامة 
كوكب الأرض موارد الكثير من ىذه الحمول تستنزف  ولكن نجد, عمى إيجاد حمول بنائية بشكل مغاير

  .عمى الرغم من التقنيات الحديثة

 عبر التفاعل المتوازن مع . يجب أن يتجاوب المبنى مع البيئة المحيطة  وفق مفيوم الاستدامة
ومواد البناء المتوفرة ومواءمتيا مع القيم , طبوغرافية الأرض, الرياح, مسالموارد الطبيعية كالش

 .وعادات وتقاليد المجتمع الاجتماعية

  نلاحظ اىمال المحدد البيئي في تخطيط وتصميم المشروعات السكنية الحديثة ذات النمط
ة في نمطيا مع أخرى الشبكي و الاىتمام بالعامل التقني مما ادى الى تشابو المحلات السكنية الحديث

تقع ضمن انطقة مناخية مختمفة مما يؤدي الى مشاكل بيئية ومناخية تتمثل بتعرضيا الى التيارات 
 .اليوائية الحارة و المتربة و الاشعاع الشمسي

  أدى الى ايجاد نمط عمراني غير ملائم مناخيا لمحلاتنا  2230أن نظام الطرق و الابنية لسنة
ى دراسـة تخطيطيـة مسـبقة ونـتج عنـو نسـيج عمرانـي مفكـك ذو كثافـة سـكنية واطئـة السكنية ولا يسـتند الـ

 .وغير متلائم مع متطمبات مفيوم الاستدامة 

  التنميـــة المســـتدامة ىـــي نتـــاج جيـــود المجتمـــع بأكممـــو عبـــر خطـــوط شـــمولية طويمـــة الأمـــد نحـــو
أننـا إن لـم  .ية مدروسـةاجتماعيـة وسياسـ, اقتصـادية, تحقيق وتطوير مجتمع متوازن وفق سياسات بيئية

التحــدي الكبيــر وان  .لمحيــاة فمقــد عرضــنا مســتقبل الأجيــال القادمــة لمخطــر نتخــذ مــن الاســتدامة أســموبا



4انعذد  0262كانون الأول       61انمجهذ        الهندسةمجهت     
 

 1060 

ىــو اختيــار وتعــديل التكنولوجيــا المتطــورة بمــا لا يــؤثر ســمباً , الــذي يواجــو المعمــاريين والمخططــين الآن
 .ات الراحة في المبنى المتوافق بيئياً وفي نفس الوقت يتم تطوير أدائية ومتطمب, عمى البيئة

 :ويوصي البحث 

  الاىتمـــام بالجانـــب البيئـــي  فـــي تخطـــيط وتصـــميم مشـــروعات الاســـكان التـــي تعـــد اســـاس تكـــوين المدينـــة
 : وخصوصا في ظل ماتتمتع بو مدننا من مناخ حار جاف مثلا

سمات البيئة العمرانية الصحراوية فع كفاءة التشكيل وتوافقو مع خصائص و ر اعتماد الفناء كمكون اساسي ل   -
 .من جية وباعتباره يشكل خطوة اكثر توافقا مع مبادىء العمارة المستدامة 

اساسـية بمـا  مـع المرونـة فـي تشـكيل الوحـدات ا,تحقيق مفيوم النسيج المتضام في قطاع الاسـكان العمـودي   -
 2رتفاع الى العرض التي تقترب من وباعتماد نسبة الا.يحد من النمطية مع التنوع والتغير في الطابع

اتباع التوجيو الصحيح من ناحية الشمس و الرياح لممحـلات السـكنية ومكوناتيـا مـن فضـاءات حضـرية  -
 .و كتل بنائية

عمى مستوى الوحدة السكنية يجب تقميص المساحات الخارجية المكشـوفة و المعرضـة للاشـعة الشمسـية  -
 .ظيفيةالى الحد الذي يتلائم مع الناحية الو 

التاكيد عمى عنصر التشجير لما لو من الاىمية البالغة في تحسين المناخ المحمي عمى مسـتوى الوحـدة  -
الســكنية بواســطة ترطيــب الجــو و لاســيما اذا روعــي اختيــار انــواع ملائمــة مــن الاشــجار لطبيعــة مناخنــا 

 . مطموبة صيفاالحار الجاف و ىي الاشجار الموسمية وزراعتيا بشكل كثيف لتوفير الظلال ال

  عمى المصمم والمخطط الحضري  ان يميـز بـين عمميـة تقميـد الغـرب واتبـاع انمـاط حيـاتيم وبـين عمميـة
و عـــدم اىمـــال المعالجـــات المتبعـــة فـــي الـــنمط العضـــوي لكونـــو ملائـــم مـــن  Modernizationالتحـــديث 

 .مخططاتنا المعاصرةالناحية المناخية و انما اخذ الفكرة منيا و الاستفادة منيا في تصاميمنا و 
 :المصادر -

  توجو مستقبمي لمعمارة المستدامة والحفاظ عمى البيئة ...المسكن المتوافق بيئياً “,باحصميا ,الزبيدي
الييئة ,(المسكن الميسر)ندوة الإسكان الثانية,“لممسكن التقميدي والحديث البيئيدراسة مقارنة لكفاءة الأداء 
 1442,ياضالر ,العميا لتطوير مدينة الرياض



ميساء ازيارة                                                                                       يت وانتصميميت نتحقيق مبادىء الاستذامت انتقهيذيتسبم انتخطيطان

 محمذ

في عمارة الإسكان انمحهيت انمستقبهيت   
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