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ABSTRACT 

Moisture damage is a primary mode of distress occurring in hot mix asphalt (HMA) pavements in 

Iraq. Because of the loss of bond, or stripping, caused by the presence of moisture between the 

asphalt and aggregate, which is a problem in some areas and can be severe in some cases, it is 

requires to evaluate the design asphalt mixture to moisture susceptibility. Many factors such as 

aggregate characteristics, asphalt characteristics, environment, traffic, construction practices and 

drainage can contribute to stripping. Asphalt concrete mixes were prepared at their optimum asphalt 

content by superpave system and then tested to evaluate their engineering properties, which include 

tensile strength, resilient modulus, and permanent deformation, stiffness, and fatigue characteristics. 

These properties have been evaluated using indirect tensile strength, uniaxial repeated loading and 

repeated flexural beam. The experimental results, in general, showed that the mixes subjected to 
moisture damage give low resistance to indirect tensile strength, low resilient modulus at 40   C, high 

permanent deformation at 40   C, low stiffness, and low fatigue life, by (19%, 21%, 93%, 62% and 

70%) respectively as compared with unconditioned mixture. 
Key words: Asphalt concrete, Moisture Damage, Superpave System 

  ةرطوبالبثير الضرر أتلالمعرضة  فائقة الاداء خصائص الخرساوة الاسفلتية

علي حسيه علوان                                                                              سعذ عيسى سرسم  

 أسزبر                                                                                                ؽبنت يبجسزٍش

لسى انُٓذسخ انًذٍَخ، كهٍخ انُٓذسخ، جبيعخ ثغذاد                                          ثغذاد انًذٍَخ، كهٍخ انُٓذسخ، جبيعخلسى انُٓذسخ   

 

 الخلاصة

 ،قشرالت أٔ انشثؾ، خسبسح ثسجتانعشاق  الاسفهزٍخ فًخ خُبسبنخهطخ انحذٔس انفشم فً انزجهٍؾ ثناسهٕة سئٍسً  ْٕثبنشؽٕثخ  انؼشس

 بلاد،ـانح ثعغ فً شذٌذح ركٌٕ أٌ ًٌٔكٍ انًُبؽك ثعغ فً يشكهخ ًْ ٔانزً ٔانشكبو، الأسفهذ ثٍٍ انشؽٕثخ ٔجٕد عٍ ٔانُبرجخ

 بئضـٔخظ انشكبو، خظبئض يثم انعٕايم يٍ انعذٌذ أٌ. انشؽٕثخ انى حسبسٍخ انًظًًخفبَّ يٍ انًطهٕة رمٍٍى انخهطخ الاسفهزٍخ 

 ًــف الإسفهزٍخ انخشسبَخ خهطبد إعذاد رى. مششزان فً رسبْى اٌ ٔانظشف ًٌكٍ ؽشٌمّ انزُفٍزٔ انًشٔس،ٔانحجى  ٔانجٍئخ، الأسفهذ،

 ٔيعبيم انشذ، لٕح رشًم ٔانزً انخبطخ انُٓذسٍخ انخٕاص نزمٍٍى ْباخزجبس ثى ٔيٍ فبئك الاداء انُظبو بسزخذاوث َسجخ الاسفهذ انًثهى

 مـانحً ،انًجبششح ٍشـغ انشذ لٕح ثبسزخذاو بئضـانخظ ْزِ رمٍٍى رى ٔلذ. كلالان ٔخظبئض ،دحظلاانٔ دائى، رشِٕ ،انحشكً شَٔخانً

 شســهؼن انًعشػخانخهطخ  أٌ أظٓشد ،ٔثشكم عبو انًخزجشٌخ انُزبئج. انًزكشس انكسش َحُبءا فحض كزنكٔ انًزكشس حبدي انًحٕسا

 عبنً دائى ٔرشِٕ ئٌٕخي دسجخ 40 عُذ يُخفغ حشكً يشَٔخ ٔيعبيم انًجبششح، ٍشـغ انشذ نمٕح يُخفؼخ يمبٔيخ رعطًثبنشؽٕثخ 

 يع خــيمبسَ انزٕانً عهى( ٪70ٔ٪ 62 ،٪13 ،٪21 ،٪11) ًمذاسث يُخفغ، عًش كلال يُخفؼخ، حدطلا ئٌٕخ،يدسجخ  40 فً

 .غٍش يعشع نهشؽٕثخ خهٍؾ

 انُظبو فبئك الاداء ثبنشؽٕثخ،انؼشس  اسفهزٍخ،خشسبَخ الكلمات الرئيسية: 

mailto:saadisasarsam@coeng.uobaghdad.edu.iq
mailto:ali_h.alwan@yahoo.com
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1. INTRODUCTION  

The asphalt paving mixture is normally subjected to various detrimental types of distresses during 

its service life. Moisture damage is the loss of strength and durability in asphalt mixtures due to the 

effect of water or moisture vapor. It tends to accelerate the presence of the distress types. Alwan, 

2013.The types of distress that can be related to moisture or the other factors are bleeding, cracking, 

rutting, and raveling. In view of this , the primary objective of this study is to evaluate the 

mechanical properties of asphalt concrete mixtures after it was subjected to the impact of moisture 

damage based on the following tests, Indirect tensile test (Moisture susceptibility) , uniaxial 

repeated load test ( Resilient Modulus and permanent deformation) and repeated flexural beam test ( 

fatigue characteristics). 

 

2. BACKGROUND 

2.1 Mechanisms of Moisture Damage 

It is generally agreed that moisture can degrade the integrity of bituminous mixtures in two ways:  

• By causing a reduction in the cohesive strength and stiffness of the mixture, characterized by 

the softening of the mixture. 

• By causing failure of the adhesion (or bond) between bitumen and aggregate, referred to as 

stripping, Terrel and shute, 1989. 

The following are some of the major moisture damage mechanisms that cause stripping, Kennedy, 

1985:   

1- Pore pressure of water in the mixture voids due to wheel-loading repetitions, thermal 

expansion-construction differences produced by ice formation, temperature cycling above 

freezing, freeze-thaw, and chemical shock, or a combination of these factors, 

2- Asphalt removal by water, in the mixture at moderate to higher temperatures, 

3- Water-vapor interaction with the asphalt filler mastic and larger aggregate interfaces. 

 

2.2 Consequences of Moisture Damage 

Damage due to moisture occurs in various forms and degrees of severity. The primary consequence 

of moisture damage is that of stripping, characterized by failure of the bitumen-aggregate bond. 

Stripping is often initially manifested in localized areas where the bitumen has integrated to the 

surface of the bituminous layer, referred to as flushing or bleeding. This migration of bitumen 

results in an unstable matrix in the lower portions of the bituminous layer which can lead to 

permanent deformation in the form of rutting and/or shoving as well as the development of potholes 

and cracking under the action of traffic loading, Scholz, 1995. 

The other major consequence of moisture damage is that of a reduction of stiffness and strength in 

the bituminous layer, which decreases the load spreading capabilities of the pavement. Under the 

action of traffic loading, a pavement with reduced stiffness due to water damage is prone to rutting 

because of increased stresses and strains in the underlying layers. Loss of strength in the bitumen-

aggregate matrix may also encourage stripping, Kennedy, 1985. 

 

2.3 Water Sensitivity Tests  

The moisture effect on physical properties and mechanical behavior of asphalt paving mixtures has 

been known for many years. Numerous empirical or semi-empirical test methods, such as the 

Lottman Laboratory Test, Tunnicliff and Root Test, Boiling Water Test, and Hamburg Wheel 
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Tracing Device, have been developed to predict moisture damage on asphalt mixtures. These test 

methods attempted to simulate the moisture damage that would occur in the field. Sarsam, 2010. 

Lottman, 1982 describes the method, commonly referred to as the Lottman procedure; developed 

for the prediction of moisture damage in dense-graded bituminous mixtures. The method consists of 

nine specimens (4" diameter and 2 1/2" high) are compacted to expected field air void content. 

Specimens are divided into 3 groups of 3 specimens each. Group I is treated as control without any 

conditioning. Group 2 specimens are vacuum saturated (26 inches Hg) with water for 30 minutes. 

Group 3 specimens are vacuum saturated like Group 2 and then subjected to a freeze (0°F for 15 

hours) and a thaw (140°F for 24 hours) cycle. All 9 specimens are tested for resilient modulus (Mr) 

and/or indirect tensile strength (ITS) at 55°F or 73°F. A loading rate of 0.065 inch/minute is used 

for the ITS test. Group 2 reflects field performance up to 4 years. Group 3 reflects field performance 

from 4 to 12 years. Retained tensile strength (TSR) is calculated for Group 2 and Group 3 

specimens. A minimum TSR of 0.70 is recommended by Lottman and Maupin, 1982, who 

reported values between 0.70 and 0.75 differentiated between stripping and non-stripping HMA 

mixtures. It has been argued that the Lottman procedure is too severe because the warm water soak 

of the vacuum saturated and frozen specimen can develop internal water pressure. However, Stuart 

1986 and Parker and Gharaybeh, 1987 generally found a good correlation between the laboratory 

and field results. Oregon has successfully used this test with modulus ratio in lieu of tensile strength 

ratio (TSR). 

Tunnicliff and Root, 1984 report a method similar to the Lottman procedure. They proposed six 

specimens to be compacted to 6-8% air void content and divided into two groups of three specimens 

each. Group 1 was treated as control without any conditioning. Group 2 specimens are vacuum 

saturated (20 inches Hg for about 5 minutes) with water to attain a saturation level of 55 to 80 

percent. Specimens saturated more than 80 percent are discarded. The saturated specimens are then 

soaked in water at 140°F for 24 hours. All specimens are tested for ITS at 77°F using a loading rate 

of 2 inches/minute. A minimum TSR of 0.7 to 0.8 is usually specified. Evidently, the use of a 

freeze-thaw cycle is not incorporated into ASTM D4867-88, which is based on this method. The 

freeze-thaw cycle is optional. The primary emphasis is on saturation of the specimen which for a 

short duration of about 24 hours has been reported to be insufficient to induce moisture related 

damage, Coplantz and Newcomb 1988. 

AASHTO accepted the Modified Lottman Test AASHTO T-283, 1985. It is a combination of the 

Lottman and the Tunnicliff and Root Tests. Six specimens are produced with air voids between six 

percent and eight percent. The specimens are then split into two groups. The first group is the 

control group. The second group is saturated between 70 and 80 percent with water and is placed in 

the freezer (0°F or -18°C) for 16 to 18 hours. The frozen cores then are moved to a water bath at 

140°F (60°C) for 24 hours. After conditioning, the resilient modulus test and/or the indirect tensile 

strength (ITS) tests are performed. The ITS test is performed at 77°F (25°C) with a loading rate of 2 

in/min. The ratio of the average tensile strengths of the wet cores and the dry cores is known as the 

tensile strength ratio (TSR). The minimum acceptable TSR as per AASHTO is 70%, Roberts et al. 

1996. Despite the recognized problems of AASHTO T 283, it was considered the best available 

method for evaluating the moisture sensitivity of asphalt concrete mixes. Since AASHTO T 283 

was the recommended Superpave test, several researchers have investigated the parameters of this 

test method and compared it to the results of other methods. 
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3. MATERIAL CHARACTERAZATION 

The materials used in this work, namely asphalt cement, aggregate, and fillers were characterized 

using routine type of tests and results were compared with superpave system. 

 

3.1 Asphalt Cement 

The asphalt cement used in this work is a 40-50 penetration grade. It was obtained from the Dora 

refinery, south-west of Baghdad. The asphalt properties are shown in Table 1. 
 

3.2 Aggregate 

The aggregate used in this work was crushed quartz obtained from Al-Nibaie quarry. This aggregate 

is widely used in Baghdad city for asphaltic mixes. The coarse and fine aggregates used in this work 

were sieved, and recombined in the proper proportions to meet the wearing course gradation as 

required by SP-2 specification. The gradation curve for the aggregate is shown in Fig. 1. Routine 

tests were performed on the aggregate to evaluate their physical properties. The results together 

with the specification limits as set by the SCRB, 2003 are summarized in Table 2. 

3.3 Filler 

Mineral filler used in this study is Portland cement obtained from Badoush factory; the physical 

properties are shown in Table 3. 

4. EXPERIMENTAL WORK 

The experimental work was started by determining the optimum asphalt content for the asphalt 

concrete mix using the Superpave mix design method. Asphalt concrete mixes were made at their 

optimum asphalt and tested to evaluate the engineering properties to mixture subjected to moisture 

damage which (Specimen is considered conditioned after it was subjected to vacuum saturation 

followed by a freeze cycle followed by a 24 hour thaw cycle, and accomplished by   performing   

AASHTO T-283). These properties have been evaluated using indirect tensile strength, uniaxial 

repeated loading and repeated flexural beam tests. 
 

4.1 Superpave Mix Design 

Two specimens are prepared at the trial asphalt content. It was compacted using gyratory 

compaction, four asphalt binder contents, at ± 0.5 % of the estimated asphalt content, and at + 1.0 % 

of the estimated asphalt content.  About 4.7 kilograms of the mix are used to prepare test specimens 

of 150 mm (5.9 in) in diameter and 115±5 mm (4.53±0.2 in) in height, and prepared accordance to 

method AASHTO TP4. 

 

4.2 Indirect Tensile Test 

The moisture susceptibility of the asphalt concrete mixtures was evaluated using AASHTO T-283. 

The result of this test is the indirect tensile strength (ITS) and tensile strength ratio (TSR). In this 

test, a set of specimens were prepared for each mix according to Superpave procedure and 

compacted to 7±1 % air voids. The set consists of six specimens and divided into two subsets, one 

set (unconditioned) was tested at 25°C and the other set (conditioned) was subjected to one cycle of 

freezing and thawing then tested at 25°C. The test shown in Fig. 2 involved loading the specimens 

with compressive load at a rate of (50.8mm/min) acting parallel to and along the vertical diametrical 

plane through 0.5 in. wide steel strips which are curved at the interface with specimens. These 
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specimens failed by splitting along the vertical diameter. The indirect tensile strength which is 

calculated according to Eq 1 of the conditioned specimens (ITSc) is divided by the control 

specimens (ITSd), which gives the tensile strength ratio (TSR) as the following Eq 2. Alwan, 2013. 

 

  ITS = 
  

   
                                                                                     (1) 

 

TSR = 
                 

                   
                                                             (2) 

 

                                                                                                                        

Where: 

ITS= Indirect tensile strength 

P = Ultimate applied load 

t = Thickness of specimen 

D = Diameter of specimen 

Other parameters are defined previously 

4.3 Uniaxial repeated loading test 

The uniaxial repeated loading tests were conducted for cylindrical specimens, 101.6 mm (4 inch) in 

diameter and 203.2 mm (8 inch) in height, using the pneumatic repeated load system shown below 

in Fig. 3. In these tests, repetitive compressive loading with a stress level of 20 psi was applied in 

the form of rectangular wave with a constant loading frequency of 1 Hz (0.1 sec. load duration and 

0.9 sec. rest period) and the axial permanent deformation was measured under the different loading 

repetitions. All the uniaxial repeated loading tests were conducted at 40°C (104°F). The specimen 

preparation method for this test can be found elsewhere, Albayati,, 2006. The test was conducted at 

university of Baghdad. The permanent strain )εp( is calculated by applying Eq. 3. 

 

Εp = 
   

 
                                                                                                (3)                                                                                                                                                                                                        

 

Where 

Εp = axial permanent microstrain 

P d = axial permanent deformation 

h= specimen height 

Also, throughout this test the resilient deflection is measured at the load repetition of 50 to 100, and 

the resilient strain )εr( and resilient modulus (Mr) are calculated as follows: 

ε r = 
  

 
                                                                               (4)                                 

 

 

Mr = 
 

   
                                                                                        (5) 

 

where 

ε r =  axial resilient microstrain 
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rd= axial resilient deflection (mm) 

h= specimen height (mm) 

Mr= Resilient modulus 

σ = repeated axial stress (KPa) 

εr=  axial resilient strain (mm) 

 

The permanent deformation test results for this study are represented by the linear log-log 

relationship between the number of load repetitions and the permanent microstrain with the form 

shown in Eq.6 below which is originally suggested by Monismith et. al., 1975 and Barksdale 

1972. 

 

Εp = a N
 b                          

                                                                                                         (6) 
                                                                                                                         

Where 

Εp = permanent strain 

N=number of stress applications 

a= intercept coefficient 

b= slope coefficient 
 

4.4 Flexural Beam Fatigue Test 

Within this study, four-point flexural fatigue bending test was adopted to evaluate the fatigue 

performance of asphalt concrete mixtures using the flexural fatigue testing equipment shown in Fig. 

4, this test was performed in strain controlled mode with flexural stress level 250µƐ,400µƐand 

750µƐ applied at the frequency of 5 Hz and a repeated haversine (sinusoidal). All tests were 

conducted as specified in AASHTO T 321 standards at 20°C (68°F) on beam specimens 50 mm x 

63 mm x 400 mm prepared using Roller Compactor Device at NCCLR (National  Center  for 

Construction Laboratories and research) according to, EN12697-33 2003, because this method of 

compaction simulates field compaction in a progressive way. A slab sample of (400 mm by 300 mm 

by 53±6 mm) was prepared using the hot aging asphalt concrete loose mix. A metal stripe of 30mm 

height and 1.5 mm width was fixed on the base plate of the slab before pouring the asphalt concrete 

to insure having weak point for beams after compaction of the slab, then cut by the cutter-water into 

dimension previously mentioned. In the fatigue test, results should be monitored and recorded at the 

selected load cycle intervals and the test should be terminated when the beam has reached a 50 

percent reduction in stiffness. The initial strain was plotted versus the number of repetition to failure 

on log scales, collapse of the beam was defined as failure, the plot can be approximated by a 

straight line and has the form shown below in Eq. 7. EN12697-33 2003. The test was conducted at 

NCCLR (National center for construction laboratories and research). 

 

Nf = k1 ( Ɛt )  
- k 2

                                                                                                                 (7) 
 

Where 

Nf = fatigue life 

Ɛt= Initial tensile strain 

k1= fatigue constant, value of Nf when = 1 
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k2 = inverse slope of the straight line in the logarithmic relationship 
 

5. TEST RESULTS AND DISCUSSION 

5.1 Effect of Moisture Damage on Indirect Tensile Strength  

The indirect tensile strength (ITS) property of an HMA mix gives an indication on the overall 

strength of the mix. Fig. 5 depicts the effect of unconditioned and conditioned mix on indirect 

tensile strength. Results indicated that tensile strength at 60 º C for condition shows lower resistance 

than unconditioned by 19 %, at optimum asphalt content. 

Tensile Strength Ratio (TSR) has been used for predicting moisture susceptibility of mixtures. The 

recommended limit of (80 %) for tensile strength ratio (TSR) is used to distinguish between 

moisture susceptible mixture and moisture resistance mixtures (AASHTO T-283). Fig. 5 show the 

unconditioned and moisture conditioned mixture. The data show that optimum asphalt content 

mixtures have resistance to the action of water. The tensile strength ratio was 81%, at optimum 

asphalt content mix. 

 

5.2 Effect of Moisture damage on Resilient Modules  

The resilient modulus (Mr) properties were obtained from indirect tensile test, and used to evaluate 

the moisture damage of the HMA mixtures for two reasons. The first one is that Mr test is a 

nondestructive test that can be conducted on the same samples before and after moisture 

conditioning, and the second one is that the Mr is an engineering property that can be used to 

estimate the response of HMA pavements under traffic loads. Table 4 summarizes the Mr 

properties of the unconditioned and moisture conditioned HMA mixtures. The data show that the 

resilient modulus of moisture condition was significantly lower than the values obtained for 

unconditioned mix with 21% at optimum asphalt content. Similar findings were reported by 

Sarsam, 2009. 

 

5.3 Effect of Moisture damage on Resistance to Permanent Deformation 

Table 5 shows effect of unconditioned and moisture condition mix on permanent deformation. It 

can be seen that slop increase in condition mix and intercept increase, that give indication that the 

unconditioned mixtures have low permanent strain compared with condition mix. The analysis of 

the Table indicated that the moisture condition mix lower resistance to permanent deformation (at 

1000 cycles) by 93% as compared with the unconditioned mixture, and also fail before the 

unconditioned mix. Fig. 6 Shows the relationship between strain and load repetition for 

unconditioned, and condition mixture with at (40°C). 

5.4 Effect of Moisture damage on stiffness 

Also noted when micro-strains level increase, the stiffness of specimen decrease. Fig. 7 depicts the 

effect of unconditioned and condition moisture mix on stiffness. It can be seen that stiffness 

decrease at condition moisture mix by 62 % from unconditioned mix )in 250µƐ and optimum 

asphalt content) the reason may be due to the lack of bond between asphalt and aggregates. 

5.5 Effect of Moisture damage on Fatigue Life 

Table 6 and Fig. 8 Depicts the effect of unconditioned and moisture condition mix on fatigue life. 

The analyses of the figure shows that fatigue life after impact to moisture condition decrease by 70 

% from unconditioned mix )at 250 µƐ, and optimum asphalt content), also noted that the K2 (which 
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represents the intercept) was decreased from (3.46 to 3.28) and K1 (which represents the slope) was 

increased from (9.15E-09 to 1.52E-08) at optimum asphalt content. 

 

6. CONCLUSIONS AND RECOMMENDATIONS 

Best on the limited testing program, the following conclusion could be drawn: 

1. The impact of moisture conditioning of superpave asphalt concrete was lowering the indirect 

tensile strength by (19%) as compared with unconditioned mix. 

2. At )40˚C(, Mr was reduced by (21%) due to the impact to moisture damage. 

3. T e permanent  e ormation in reases    13 per ent a ter su  e t t e spe imens to moisture 
 ama e )at 40   C(.  

4. Sti  ness at )250µƐ, 750 µƐ( was reduced after subjecting the asphalt concrete to moisture 

damage (conditioned mix) as compared with unconditioned mix by (-62%, -16%) 

respectively. 

5. The results of repeated four point flexural fatigue beam testing indicated that fatigue life 

decreases by 70 percent after subjected asphalt concrete to moisture damage. For a 

microstrain   an e  rom 250 µƐ to 400 µƐ, the fatigue life decreases by 87 percent. 

REFERENCES 

o AASHTO., 2010, Guide for Design of Pavement Structures,. The American Association of 

State Highway and Transportation Officials, Washington, D. C., USA. 

o Al- Bayati, A. ,2006, Permanent Deformation Prediction of Asphalt Concrete under Repeated 

Loading, Ph.D. Thesis, Civil Engineering, University of Baghdad. 

 

o Alwan A. H. , 2013, Durability of superpave asphalt concrete pavement, MSc thesis, 

Department of Civil Engineering, University of Baghdad. 

 

o ASTM, ,2009, Road and Paving Materials, Annual Book of ASTM Standards, Volume 04.03, 

Ameri an So iet   or Testin  an  Materials,” West Cons o o ken, USA. 

o Asphalt Institute, , 1996, Superpave Mix Design, Superpave Series No. 2 (SP-2), The Asphalt 

Institute, Lexington, Kentucky. 

 

o European Standards EN 12697: , 2005, Bituminous mixtures Test methods for hot mix asphalt, 

published under the authority of European Committee for Standardization and Technical 

Committee CEN/TC 227 “Roa  materials”, August. 

o Kennedy, T.W., 1985, Prevention of Water Damage in Asphalt Mixtures, STP 899, American 

Society for Testing and Materials, pp 119-133, Philadelphia. 

o Lottman, R.P., 1982, Predicting Moisture-Induced Damage to Asphaltic Concrete-Field 

Evaluation, NCHRP 246, Transportation Research Board, Washington. 

o Maupin, G.W., 1982, The Use of Anti-stripping Additives in Virginia. Proc. Assoc. of Asphalt 

Paving Technologists, Vol. 51, 1982. 

o Monismith, C., Ogawa, N. and Freeme, C. 1975. Permanent Deformation Characteristics of 

Subgrade Soils due to Repeated Loadings, TRR 537. 



Journal of Engineering Volume   21  January   2015 Number 1 
 

 

9 

 

o Parker, F, and Gharaybeh, F., Evaluation of Indirect Tensile Tests for Assessing Stripping of 

Alabama Asphalt Concrete Mixtures. TRB, Transportation Research Record 1115, 1987. 

o Roberts, F., P. Kandhal, E. Brown, D. Lee, and T. Kennedy 1996. Hot Mix Asphalt Materials, 

Mixture Design, and Construction. 2nd edition. Lanham, Maryland: NAPA Education 

Foundation. 

o Stuart, K.D., 1986, Evaluation of Procedures Used to Predict Moisture Damage in Asphalt 

Mixtures. FHWA, Report FHWA/RD-86/091, 1986. 

o Saad Issa Sarsam, Israa Lutfi AL-Zubaidi , 2014, Resistance to Deformation under Repeated 

Loading of Aged and Recycled Sustainable Pavement. American Journal of Civil and Structural 

Engineering AJCSE 2014, 1(2):34-39. 

o Saad Issa Sarsam, Ali Hussein Alwan 2014, Assessing Fatigue Life of Superpave Asphalt 

Concrete, American Journal of Civil and Structural Engineering AJCSE 2014, 1(4):88-95. 

o Sarsam S. , 2010, Modeling Asphalt Concrete Pavement Deterioration. Proceeding, the second 

regional conference for engineering sciences, 1-2 December. Al-Nahrain University, Baghdad, 

Iraq.  

o Sarsam S. , 2009, . Assessing Asphalt Concrete Deterioration Model from In-service Pavement 

Data. Proceeding, Developing a research agenda for Transportation infrastructure preservation 

and renewal, TRB – Conference, Washington D.C., November 12-13.  

o Saad Issa Sarsam, Samer Muayad Al-Sadik , 2014, Deterioration Model Assessment of Asphalt 

Concrete Pavement, Research Journal of Modeling and Simulation RJMS 2014, 1(2):30-39.  

o Terrel, R.L. and Shute, J.W., 1989, Summary Report on Water Sensitivity, SHRPAIJR- 89-003, 

Strategic Highway Research Program, National Research Council, Washington. 

o Todd V Scholz, 1995, Durability of Bituminous paving Mixtures. Thesis of Doctor of 

Philosophy, University of Nottingham. 

o Tunnicliff, D.G.  and R.E. Root. Use of Antistripping Additives in Asphaltic Concrete Mixtures. 

TRB, NCHRP 274, 1984. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of Engineering Volume   21  January   2015 Number 1 
 

 

10 

 

Table 1.  The physical properties of asphalt cement. 

Property Unit 
ASTM 

Designation 

Penetration  

Grade (40-50) 

SCRB 

Specification 

Penetration @ (25
o
C, 100 gm, 5sec) 1/10 mm D-5 41 40-50 

Softening Point.(Ring & Ball) )◦C( D-36 49.4 ----- 

Spe i i  Gravit  @ 25◦C ----- D-70 1.04 ----- 

Du tilit  @ )25 ◦C, 5 m/min( cm D-113 144 >100 

after thin film oven test 

Penetration of Residue 25 
o
C, 100 gm, 5 sec 1/10 mm D-5 27 ----- 

Mass loss )163   C, 50 m, 5  r % D-1754 0.3 ˂0.75 

Ductility of Residue (25 oC , 5 cm/min) cm D-113 87 ----- 

 

Table 2. Physical properties of Al-Nibaie aggregate. 

Property ASTM Designation  value SCRB Specification 

Coarse aggregate 

Bulk Specific Gravity C-127 -01 2.584 ------- 

Apparent Specific Gravity C-127 -01 2.608 ------- 

Percent Water Absorption C-127 -01 0.57 % ------ 

 Loss Angeles Abrasion C-131-03 13.08 35-45 Max. 

Percent Soundness loss by sodium 

sulfate solution 
C-88 2.678 10-20 Max. 

Percent flat and elongated particles ASTM D4791 1.6% 10% Max. 

Percent Fractured faces  97% 95 Min. 

Fine aggregate 

Bulk Specific Gravity C-128-01 2.604 ------ 

Apparent Specific Gravity C-128-01 2.664 ------ 

Percent Water Absorption C-128-01 1.419 ------ 

Percent Sand equivalent D-2419 51 45 Min.* 

*       According to Asphalt Institute SP-2, (2001) 

Table 3. Physical properties of Portland cement. 

Property Limestone 

% passing No.200 96 

Bulk specific gravity (gm./cm
3
) 3.14 
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Table 4.   Resilient modulus value for moisture damaged mixture. 

Mix 
Resilient Modulus (psi) 

40  C 

Unconditioned 96970 

Condition 76190 

 

Table 5.  Slops, intercepts, and permanent deformation at 1000 cycle value for, unconditioned and 

conditioned mixtures. 

Mix 
40   C 

Slop Intercept (microstrain) Permanent def. @1000 cycle 

Unconditioned 0.441 149 3158 

Condition 0.457 259 6083 

 

 

Table 6.   Parameter K1, K2, and fatigue life for, unconditioned, and conditioned mixtures. 

State K1 

(slope) 

K2 

(microstrain) 

Fatigue Life (Nf) 

250µƐ 400µƐ 750µƐ 

Unconditioned 9.15E-09 3.46 30082 3860 693 

Condition 1.52E-08 3.28 9015 903 319 

 

 

 
Figure 1.  Specification limits and selected gradation for wearing course (normal surface course 

(12.5 mm) nominal maximum size. 
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                Figure 2. Photograph for ITS test            Figure 3. Photograph for the PRLS 

             (University of Baghdad laboratories).           (University of Baghdad laboratories). 

 
  

 

 
Figure 4. Flexural fatigue testing equipment (NCCLR laboratory, Baghdad). 
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Figure 5. Indirect tensile strength for unconditioned, and condition mixture at 60

o
C.  

 

 

 
Figure 6. Relationship between strain and load repetition for unconditioned, and condition mixture.  
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Figure 7. Stiffness for unconditioned and conditioned mixture. 

 

-  

Figure 8. Fatigue life for unconditioned and conditioned mixture.
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ABSTRACT 

Water injection equipments such as pipelines, which are used in the second recovery of oil in the 

Al-Ahdeb wells, suffer from the corrosion in water during maintaining vacuum deoxygenated tower 

that used to decrease concentration of the dissolved oxygen gas in the water from 6.2-9.1 ppm to o.5 

ppm. This study involved calculation the corrosion rates of the internal surfaces of the pipelines 

either during operation of the vacuum unit or when the tower out of operation.  Finally, find the 

solution by one of the following suggestions. In the first suggestion removal of the dissolved O2 

from water is achieved by increasing the dosage of the oxygen scavenger (sodium sulphite). The 

second suggestion involves removing the dissolved O2 from water by bubbling the oxygenated 

water with nitrogen gas. The study showed that the corrosion rates of various inside diameter 

pipelines are between 0.13 mm/yr and 1.5 mm/yr during operation of the vacuum tower and 

between 3.2 mm/yr  and 18.5 mm/yr when the tower out of the operation. While the results showed 

that the corrosion rate of the pipelines when the tower out of operation reached to the acceptable 

value of 0.1 mm/y when the dissolved oxygen in the injected water removed by increasing the 

dosage of the sodium sulphite (Na2SO3) to 48-72 ppm. The results also explained that corrosion 

rates of the pipelines reached to 0.5 mm/y when the dissolved oxygen removed by bubbling the 

water with nitrogen gas. 

Key Words: corrosion, deaerated water, oxygen scavenger, aerated water 

 

انعشاق –دساسح ذأكم يعذاخ انسمٍ فٙ انًاء فٙ زمٕل الازذب   

 
  علوان حسه عبد الكاظم

 يذسط يساعذ 

 خايعح تغذاد / كهٛح انُٓذسح / لسى انكًٛٛأ٘
 

 الخلاصة

يعذاخ ٔاَاتٛة زمٍ انًاء انًسرخذيح ففٙ عًهٛح صٚادج اَراج انُفظ فٙ زمٕل الازذب ذعاَٙ يٍ يشكهح انرأكم فٙ انًاء انسأ٘ 

عهٗ الأٔكسدٍٛ ٔٚصم يعذل انرأكم انٗ اعهٗ لًٛح نّ خلال فرشج صٛاَح ٔزذج انرفشٚغ انًسرخذيح نرمهٛم ذشكٛض الأٔكسدٍٛ 

خضء تانًهٌٕٛ. ْزِ انذساسح اشرًهد عهٗ زساب يعذلاخ انرأكم نسطر  0.5تانًهٌٕٛ انٗ خضء  9.1-6.2انزائة فٙ انًاء يٍ 

الأَاتٛة انذاخهٛح فٙ زانح اٌ ذكٌٕ ٔزذج ذفشٚخ الأٔكسدٍٛ فٙ انخذيح أ خلال فرشج صٛاَرٓا. ْزِ انذساسح اشرًهد عهٗ الرشاذ 

فرشج صٛاَح ٔزذج ذفشٚغ الأٔكسدٍٛ. فٙ انًمرشذ الأٔل ذمهٛم ذمُٛراٌ يٍ اخم انرخهص أ ذمهٛم ذشكٛض الأٔكسدٍٛ فٙ انًاء خلال 

ذشكٛض الأٔكسدٍٛ تٕاسطح صٚادج كًٛح انًٕاد انكًٛٛأٚح )يادج كثشٚرٛذ انصٕدٕٚو( انرٙ ذرفاعم يع الأٔكسدٍٛ ُٔٚرح عُّ يادج 

شٚض انًاء انٗ غاص انُرشٔخٍٛ.                              غٛش أكهح نهًعادٌ. انًمرشذ انثاَٙ اشرًم عهٗ ذمهٛم ذشكٛض الأٔكسدٍٛ فٙ انًاء عٍ طشٚك ذع

 1.5يهى/سُح 0.13ٔانذساسح أضسد عهٗ اٌ يعذلاخ ذأكم انسطٕذ انذاخهٛح الأَاتٛة راخ الطاس داخهٛح يخرهفح ٚرشأذ تٍٛ 

اتٛة راخ الطاس داخهٛح يخرهفح  يهى/سُح فٙ زانح انرٙ ذكٌٕ ٔزذج انرفشٚغ فٙ انخذيح. تًُٛا يعذلاخ ذأكم انسطٕذ انذاخهٛح الأَ

يهى/سُح عُذيا ذكٌٕ ٔزذج انرفشٚغ ذسد انصٛاَح. َرائح ْزِ انذساسح اٚضا أضسد تاٌ  18.5يهى/سُح انٗ  3.2ذشأذ تٍٛ 

يهى/سُح عُذيا ذى ذمهٛم ذشكٛض الأكسدٍٛ عٍ طشٚك  0.1يعذلاخ ذأكم الاَاتٛة ٔصهد انٗ انسذٔد انًسًٕذ تٓا ْٔٙ الم يٍ 

 0.5خضء تانًهٌٕٛ يٍ يادج كثشٚرٛذ انصٕدٕٚو . اخٛشا تُٛد انُرائح اٚضا تاٌ يعذل ذاكم الاَاتٛة اصثر  72انٗ  48تٍٛ اضافح 

mailto:alwan_hassan@yahoo.com
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                                                                           يهى/سُح عٍ طشٚك ذمهٛم ذشكٛض الأكسدٍٛ فٙ انًاء تٕاسطح غاص انُرشٔخٍٛ.                                                         

)انسأ٘ عهٗ  انًٕٖٓ أنرأكم, انًاء انغٛش يٕٖٓ )انخانٙ يٍ الأكسدٍٛ(, لاَص الأكسدٍٛ, انًاء: الرئيسية   الكلمات

 الأكسدٍٛ( 

1. INTRODUCTION         

Generally the water injection systems are used in oil industries in order to increase the oil 

production. This occurs when the water is injected into the reservoir at high flow rate or at high 

pressure. As result, the pressure of the oil reservoir rises. Consequently, the quantity of the oil 

recovery from the well increases. The sources of water, which are used in this process, vary from 

seawater, produced water, lake, and river Havard, 2oo6, and Stephen et al.,1989. All these 

types of water contain dissolved oxygen approximately 8-9 ppm at 20 C° which causes corrosion 

of the internal surface of the injection system equipments such as pipelines. The cathodic 

reaction is oxygen reduction Eq. (1), while the metal dissolution is the anodic reaction Eq. (2).                                                                     

The corrosion rate of the metal is controlled by rate of the mass transport of the dissolved oxygen 

from bulk to the solution/metal interface. Therefore, O2 should be removed from the Injected 

water before pumping into the reservoir. There are many methods that are used in the oil 

production in order to eliminate the concentration of the dissolved oxygen in the water such as 

mechanical deaeration combination with the chemical process. The former process is used before 

the chemical treatment. In the mechanical deaeration removal oxygen can be established by 

either introducing steam into the water that leads to increase the temperature of the water. As a 

result, oxygen will releases from the water to the atmosphere and consequently the concentration 

of oxygen decreases or by using vacuum process such as that  uses in the Al-Ahdeb wells. In this 

process vacuum pumps are utilized in order to reduce the partial pressure of O2 in the gas phase. 

Hence, concentration of the dissolved O2in the feed water will reduce [Havard, 2oo6, Stephen et 

al.,1989].While removal oxygen by chemical process is achieved by adding a small amount of 

chemical substance {either hydrazine (N2H4) or sodium sulfite (Na2SO3)} to the water which 

reacts with oxygen Stephen et al.,1989,Zaki, 2006, and Nathan,1981. 

Three vacuum deoxygenation packed towers, which have installed recently by Al-Waha 

company one of the Chinese companies, uses to remove the gas of O2 from water that utilized to 

enhance the oil production in the Al-Ahdeb wells in the Al-Kut city. According to the Al-Waha 

document, this process leads to decrease concentration of O2 in the water to 500 ppb (0.5 ppm) 

[Al Ahdeb Wells, 2013]. Although the corrosion rate of the system equipment will decrease, but 

it not within the acceptable value 0.1 mm/yr. In addition to the aggressive environment 

(dissolved O2), the pipe lines, which transport the water from the water tank to the wells, are 

subjected to the high stress (water pressure). The stress values reaches to 17 Mpa at the high 

pressure section and 12 Mpa at sub high pressure section. Hence, the pipelines will susceptible to 

the stress corrosion cracking (SCC), which takes place when a metal/an alloy is subjected to the 

combination of aggressive environment (O2) and stress (water pressure) Zaki,2006, and 

Nestor,2004. 

The aim of this research is to study and calculate the corrosion rates of the internal surface of the 

water injection components (pipelines) when the Vacuum deoxygenation tower will be out of 

operation and then find the solution. 

 

2. OPERATION OF THE SYSTEM 

In Al-Ahdeb wells, removing dissolved oxygen from water takes place in two processes, vacuum 

and chemical processes. The vacuum process carries out in three vacuum deoxygenation packed 

towers that are parallel operated. Each tower consists of two stages. In the first stage most of the 

dissolved O2 gas is removed from feed water to the gas phase by vacuum process. In the second 
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stage the oxygen scavenger is added to the deaerated water. Hence, further removing of 

dissolved O2 from water takes place by the chemical process Al Ahdeb Wells, 2013.  

The O2-free water is transported to the deaerated water tank through 18-20 in. inside diameter of 

carbon-steel pipe at flow rate 900-1075 m
3
/h. In addition to the deaerated water, the deaerated 

water tank is also supplied with formation water (produced water) after treatment. Then, the 

deaerated water and produced water (injected water) pumping to the high pressure section and 

sub high section through 28 in. id pipe at flow rate 4200 m
3
/h. At the high pressure section, the 

injected water is transported to the oil gathering main field (OGM) through 8 in. id steel pipes at 

flow rate 150 m
3
/h and pressure 17 Mpa (170 bar). While, at the sub high section the injected 

water is transported to the different (OGM) through pipes, which have the same inside diameter 

(16 in), and at equal flow rate 650 m
3
/h and pressure 12 Mpa. Finally, the injected water  is 

pumping from the (OGM) to the many wells through pipes, which have the same inside diameter 

(6 in), and at equal flow rate 5000 bbl/day and pressure either 17 MPa. or 12 MPa. depending on 

the source of the water injection Al Ahdeb Wells, 2013. 

 

3. OPERATION CONDITION OF THE TOWER  

According to the Al-Waha documents, operation conditions of the unit are represented in the 

Table1. As can be seen from the Table, concentration of the dissolved O2 in the inlet water is not 

recorded. This is because of it depending on the solubility of the gas in the water which is 

function to the temperature of water (i.e operating temperature). As the temperature of water 

increases, the solubility of dissolved O2 in the water decreases. Consequently, concentration of 

dissolved O2 decreases. The concentration of dissolved oxygen in the outlet water is 500 ppb (0.5 

ppm) as recorded in the Table1. In order to treat the microbiological induced corrosion (MIC), 

which forms on the surface of the structure of the system such as sulfate reducing bacteria 

(SRB), the chemical removal oxygen process will be stopped for a certain time and adds biocide 

species.  

 

4. PROBLEM 

In the water injection system there is a problem will appear during either shutdown of the 

deaeration unit or normal maintenance when the concentration of the oxygen in the water will be 

at high value. This leads to  

corrode the internal surfaces of the system equipments as shown in Fig.1 Therefore, it should 

calculate the corrosion rate of internal surface of the system components when the deaeration 

unit will be out of operation and find the solution. 

 
5. EXPERIMENTAL WORKWS 

The experimental works consist of two steps. In the first step, the lowest concentration of the 

dissolved O2 gas in the water, which can be obtained by bubbling water with nitrogen gas, was 

estimated by doing an experimental work. In the second step corrosion rate of the internal 

surfaces of the pipelines, which made of carbon steel, are calculated under aeration and 

deaeration conditions of water. 

First step, The experimental work of dissolved oxygen removal from water by using nitrogen gas 

stream was done in order to estimate the lowest concentration of dissolved gas of oxygen in 

water that can be obtained after the deaeration process. The experiment includes preparation an 

electrochemical cell that consists of a calomel electrode as a reference electrode and two 

platinum wires as working and auxiliary electrodes (note, in this step it is not necessary to use 

iron as working electrode). All electrodes were immersed in electrolyte that prepared by 

dissolving 4.5% of NaCl in one liter of distilled water. Then, the electrochemical cell was 
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connected to a potentiostat in order to polarise the cell during deaeration process as shown in 

Fig. 2.a nitrogen gas stream was used to deaerate the system. This was achieved by bubbling a 

solution with pure nitrogen gas which caused removal of a high proportion of the dissolved 

oxygen gas from the system to the water-containing flask and then to the atmosphere through a 

vent present at the top of the flask. As a result, a decrease in the concentration of the dissolved 

oxygen gas in an electrolyte (water) is obtained according to the Henrys law. Residual dissolved 

oxygen in the system can be controlled by the period of deaeration process and preventing an 

oxygen gas from entering to the system either during or after deaeration process. 

Second step, corrosion rates of the pipelines are calculated during aerated condition and 

deaerated condition by using equations that derived experimentally by scientists. Concentration 

of O2, which used in the calculation, are obtained from the references and from the experimental 

work of this study.  

 

6. CALCULATION AND RESULTS 

Calculation and result can be divided into two parts, the first part includes prediction corrosion 

of the injection equipments (i.e. pipelines) in injected water at flow condition and in either 

deaerated or aerated condition. While the second part of calculation involves estimate the lowest 

concentration of dissolved oxygen in the injected water after deoxygenated of water with 

nitrogen gas.  

First part, corrosion of the pipelines in injected water at flow condition and in either deaerated or 

aerated condition can be predicted by studying the effect of flow velocity of the water on the 

mass transfer of the dissolved O2. As result, the corrosion rates of the pipelines increase . 

Flow in pipes is usually turbulent that destroys the concentration gradients in the bulk of the 

fluid, and all the action affecting  then takes place in a very thin boundary layer of fluid adjacent 

to the pipe wall. Consequent, the flux of the dissolved O2 increases, Scheers,1992. 

Equations relating mass transport and flow velocity for various geometries have been derived by 

several authors. While several equations describing mass transfer in pipes have been deduced 

theoretically, others have been derived experimentally. These equations, which are classified 

according to the value of Schemidt number ( Sc ) Scheers,1992, and Van den Berg et al.,1989. 

Chilton-Colburn relation Eq. (3) is used for SC< 1, for 1 <SC< 1000 Deissler equation is used 

see Eq. (4), and Harriott-Hamilton relationship is used for SC>1000  see Eq.( 5).                                                                                   

Hence, in the first step of the calculation, it is required to select one of the above equations by 

calculation Schemidt number (Sc) for injected water by using Eq. (6).                                       

At T = 20°C, v = 1x10
-6

  (m
2
/sec), D = 1.8x10

-9 
(m

2
/sec)       (see Table 3) 

At T = 40°C, v = 6.6x10
-7

 (m
2
/sec), D =3.7x10

-9 
(m

2
/sec)       (see Table 3) 

Sc = 555.55 at 20°C and Sc = 178.38 at 40°C. 

According to the above values of Sc either Eq. (4) or Eq. (7) is used for calculation the mass 

transfer coefficient (K).                                                                                                                                                                                                
As it is mentioned before that the corrosion rate of the metal in water is controlled by the rate of 

transport of the oxygen to the surface of the metal and the cathodic current density reaches to the 

limiting value. Therefore, the second step of this calculation includes calculation the limiting 

current density (Ilim) by using equation Eq. (10) Hongwei, 2000. 

Third step involves converting the limiting current density (Ilim) into a rate of dissolution of the 

internal surfaces of the pipe lines, which made of carbon steel, by using the Faraday's law Eq. 

(11) Zaki,2006.                                                                      

The results are represented in the Table 3, while corrosion rates of the equipment during 

operation of the deaeration unit are represented in the Table 2. 
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               The second part of this calculation involves estimate the lowest concentration of 

dissolved oxygen in the injected water after deoxygenated of water with nitrogen gas. Fig. 3 

shows polarization curve of the working electrode (platinum wire) after deaerating the cell for 

certain time. 

As can be seen from Fig. 3, the limiting current density at aerated condition is 8.68 A/m
2
 at 

potential -0.85V SCE, whereas the limiting current density at deaerated condition is 0.462 A/m
2 

at -0.55V SCE .The lowest oxygen concentration achieved by deaerating the water with nitrogen 

gas can be calculated from the cahodic current density. It was limited by the diffusion rate of 

oxygen to the platinum surface according to Fick's firs law see Eq. (12). 

The cathodic limiting current density was achieved when the concentration of dissolved species 

at the WE became depleted, i.e. sC = zero see Eq. (13).  

Since thickness of the diffusion layer in the case of deaeration is similar to that in the aerated 

condition, therefore it can be calculated by using Eq.(13) for aerated system according to the 

following data at room temperature:  

bC = 8 ppm (mg/l or g/m
3
). 

bC = 0.25 mole/m
3
 (atomic mass of O2 32 g/mole). 

 DO2 = 2 x10
-9

 m
2
/s (diffusion coefficient of O2 in water). 

Ilim= 8.68 A/m
2
 from Figure3(i.e for aerated curve) 

F  = 96,500 C/mole 

n  = 4 electrons that required for oxygen reduction  

 

8.68 A/m
2 

= 
9 2 32x10 m / s*4*96,500 C / mole*0.25 mole / m

x



 

x  = 2.22x10
-5

 m 

 

Now calculate concentration of dissolved oxygen in solution under deaerated condition. The 

lowest Ilim, which was achieved after aerating process, was 0.462 A/m
2
 at E -0.55 V SCE (see 

Fig. 3). Using Eq.(13) to calculate bC  in deaerated condition: 

 

 0.462 A/m
2 

=  
9 2

5

2x10 m /s*4*96,500 C / mole*

2.22x10 m

bC


 

bC  = 0.013 mole/m
3
 

bC  = 416 ppb    

The corrosion rate of injection pipelines can be calculated by using Eq. (11) 

 CR = 0.5 mm/year. 

 

7. DISCUSSION AND SOLUTIONS 

Fig. 1 shows the limiting current densities for aerated and deaerated conditions. While Table 2 

and Table3 show the corrosion rates of various pipelines during operation the vacuum 

deoxygenation packed towers and during maintenance respectively. It can be seen from Table 2 

that although most of the dissolved O2 gas is removed from water by the deaeration process, but 

the corrosion rates of the pipe lines are still higher than the acceptable value that is 0.1 mm/yr. 

This because of the concentration of the remaining dissolved oxygen in the water, which leaves 

the vacuum towers after deoxygenation process, is high 0.5 ppm (500 ppb) as shown in the 

Table 1. Whereas Table 3 explains that the O2 related corrosion rates of various diameter 
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pipelines are high when the vacuum deoxygenation tower is out of the operation. Table 3 also 

explains that the corrosion rate of a pipeline strongly depends on the water flow rate. As the flow 

rate of injected water increases, thickness of the diffusion layer decreases and hence the flux of 

the oxygen increases Coulson et al.,1999. Therefore, the corrosion rate of a pipe lines increase. 

It can be seen from the same Table that the CR of 8 in. id pipeline is 7 mm/yr at 150 m
3
/hr, 

while the CR of 28 in. id pipeline is 18.5 mm/yr at 4200 m
3
/hr. On the other hand, the corrosion 

rate of a pipeline decreases with increasing the diameter of a pipeline.   

It also can be seen from the Table 3 the effect of the temperature of the injected water on the 

corrosion rate. Although the concentration of dissolved oxygen in water decreases with 

increasing temperature, but the corrosion rate of a pipeline increases. This because of increasing 

temperature leads to increase the diffusivity of the oxygen in the water. Consequently, the 

oxygen flux increases and hence the corrosion rate increases Coulson et al.,1999. The corrosion 

rates of a pipelines during maintenance of the deaeration unit can be calculated by multiplying 

the corrosion rate of a pipe line in mm/month by a period of a maintaining.   

In both cases when either the vacuum towers operate or out of operation, in additional to the 

general corrosion, the pipe lines will susceptible to the stress corrosion cracking (SCC) as it be 

mentioned in the introduction. Therefore, it is necessary to remove or to eliminate quantity of 

dissolved O2 gas in the injected water to acceptable value 0.01 ppm (10 ppb) especially when the 

water injection system operates without the deaeration process (i.e. vacuum towers are out of 

operation). These can be achieved either by increasing the amount of the chemical species that 

acts as oxygen scavenger or by bubbling the water with nitrogen gas. Each option will be 

discussed separately. 

The first recommendation involves increasing the amount of the scavenger added to compensate 

for the loss of the dearation unit. The new amount of the oxygen scavenger, which will be added 

to the system, should be sufficient to reduce the concentration of dissolved oxygen from either 

9.1 ppm at 20°C or 6.2 ppm at 40°C into 0.01 ppm (10 ppb). This will reduce the reduction of O2 

(cathodic reaction) and iron dissolution (oxidation reaction) that take place on the internal 

surfaces of the injection system pipelines and oil production during the repair of the dearation 

unit. There are many chemical species that are used as oxygen scavenger but sulfite and 

hydrazine are the most common oxygen scavengers agent for water system. It prefers to use 

sodium sulfite (Na2SO3) to remove the O2 from water. This is because hydrazine is very toxic 

and dangerous Zaki, 2004, Nathan,1984.  

According to the chemical equilibrium reaction Eq. (14), two mole of Na2SO3 are required for 

remove one mole of dissolved oxygen. 

Where the atomic mass of 2Na2SO3 = 252 gm/mole, and atomic mass of O2=32 g/mole. Then, 

the number of parts (grams) of sodium sulfite that required to remove one part of dissolved 

oxygen from water = 8 parts (grams) of Na2SO3 per part (gram) of O2. Therefore, it is required to 

add 48-72 ppm of sodium sulfite for reduce the concentration of dissolved oxygen from 6.2-9.1 

ppm to 0.01 ppm. As result the corrosion rate of the pipelines and other equipments of the 

injection system decrease to acceptable values as shown in Table 4. 
On the other hand, the performance of the sodium sulfite affects by presence of the anearobic 

sulphate reducing bacteria (SRB) in the system which utilise sulphate to produce high aggressive 

substance such as H2S. It forms unprotective sulphide corrosion product. This is can be treated 

by adding Biocide to the injected water in order to prevent formation the SRB on the inner 

surface of the pipelines and other structure. 

The second suggestion is deaerated the injected water, which is utilized to enhance the oil 

production, by using nitrogen gas stream and this process should take place in the water injection 

tank before transport through pipelines into the wells Barnhart,1995. This was achieved by 
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bubbling a solution with pure  nitrogen gas which caused removal of a high proportion of the 

dissolved oxygen gas from the water to the atmosphere. As a result, a decrease in the 

concentration of the dissolved oxygen gas in an electrolyte (water) is obtained according to the 

Henrys law. The experimental  result showed that the residual dissolved oxygen in the water was 

0.013 mol/m
3
(416 ppb) and the corrosion rate of metal was 0.5 mm/year. Amount of the residual 

dissolved oxygen in the injected water can be controlled by the period of deaeration process and 

preventing an oxygen gas from entering to the system either during or after deaeration process.  

This process can be used combine with chemical species in order to reduce the quantity of 

oxygen scavenger, which used to eliminate the concentration of dissolved O2 in water. Hence, 

the cost of using oxygen scavenger will be reduced and the dangerous of SRB also will be 

eliminated.  

 

8. CONCLUSION   

It can be concluded that presence dissolved oxygen in the water which is injected to the oil wells, 

without treating causes severe damage of its structure. The O2 related corrosion rate is predicted 

to be higher during the repair of the deaeration unit. This influence can be reduced by increasing 

the amount of the oxygen scavenger between 48 to 72  ppm which reacts chemically with the 

dissolved O2. This influence also can be overcome by bubbling the water with oxygen-free 

nitrogen gas which caused removal of a high proportion of the oxygen gas from the system to the 

atmosphere through a vent present at the top of the water injection tank and experimental result 

showed that the residual dissolved oxygen in the water was 0.013 mol/m
3
(416 ppb) and the 

corrosion rate of metal of the internal surfaces of the pipelines, which is made of carbon steel, 

was 0.5 mm/year.  

The first and second recommendations could be used together in order to decrease the cost of the 

chemical substance, which be used as O2 scavenger, and the dangerous of SRB also will be 

eliminated. 
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EQUATIONS  

Fe→Fe
2+

+2e
-
                                                                                                                         (1)  

 

O2+2H2O+4e
-
→4OH

                                                                                                                                                                           
(2)

 

  

Sh=0.023Re
0.8

 Sc
0.33

                                                                                                                    (3)   

                                                                                                      

Sh=0.023Re
0.875

 Sc
0.25

                                                                                                                  (4) 

                                                                                                 

Sh=0.0096Re
0.91

Sc
0.35

                                                                                                            (5) 

 

Sc=v/D                                                                                                                                        (6) 

 

.K d

D
= 0.023*

0.875
.d u

v

 
 
 

* 
0.25

v

D

 
 
 

                                                                              (7) 

Q
u

A
                                                                                                                                            (8) 
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2

4
A d


                                                                                                                                         (9)  

 
Ilim=n.F.K.Cb                                                                                                                          (10)  

 

CR(mm/yr)= lim. .

. .

I t m

n F 
*1000                                                                                                     (11)  

 

Ilim = 
 b sDnF C C

x


                                                                                                             (12) 

 

Ilim = bDnFC

x
                                                                                                                        (13) 

 

2Na2SO3+O2→2Na2SO4                                                                                                             (14) 

 

 

 

NOMENCLATURE 

 A =  cross-section area of the pipe     (m
2
) 

Cb = concentration of the oxygen in the bulk of feed water (mole/m
3
). 

Cs = concentration of dissolved species at surface of the WE  (mole/m
3
). 

CR: corrosion rate in mm/yr. 

D = diffusion coefficient of oxygen in water   (m
2
/s). 

d  = diameter of the pipe   (m). 

F = faraday’s constant   (96,500 C/mole). 

K = mass transport coefficient of the oxygen   (m/sec). 

Ilim=limiting current density     (A/m
2
). 

m = atomic mass of iron = 55.845 g/mol. 

 n = number of the electrons that are consumed or released.  

Q = volumetric flow rate      (m
3
/s). 

Re = reynold number and is related to the fluid flow rate. 

Sc = schemidt number and is related to the fluid properties. 

Sh = sherwood number and is related to the     mass transport. 

t = time   (year)  

u = velocity of the fluid      (m/s).  

v = kinematic viscosity  m
2
/sec 

x = thickness of the diffusion layer  m 
 = density of the iron = 7.874 g/cm

3
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Table 1. The operation conditions of the vacuum deoxygenation tower . 

Parameter unit Range Parameter unit Range 

Operating 

Temperature 
°C 20-40 

Inlet Water Flow Rate 

(per tower) 
m

3
/h 300 

Operating Pressure Mpa -0.098 
Dissolved Oxygen in Inlet 

Water 
ppm - 

Design Life year 20 Dissolved O2 in outlet Water ppm 0.5 

 

 

 

Figure 1. Internal corrosion of water injection pipeline. 
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Figure 2. Electrochemical cell during deaerated process at -200 mV SCE. 

 

 
 

Table 2. Corrosion rate of the water injection system during operation of 

the vacuum deoxygenation tower. 

 CR 

At 20 °C At 40 °C 

Inside diameter (in.) Inside diameter (in.) 

Parameter  6 8 16 18 28 6 8 16 18 28 

CO2 (ppm) 9.1 9.1 9.1 9.1 9.1 6.2 6.2 6.2 6.2 6.2 

bC (ppm) 0.5 

 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

CR 

(mm/yr)  

 

0.18 0.13 0.37 0.46 0.67 0.38 0.84 0.84 1 1.5 
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Table 3. Corrosion rate of the water injection system equipments during 

Maintenance. 

 CR 

At 20 °C At 40 °C 

Inside diameter (in.) Inside diameter (in.) 

Parameter  6 8 16 18 28 6 8 16 18 28 

Flow rate  

   (m
3
/hr) 

33 150 650 1075 4200 33 150 650 1075 4200 

Area of a 

pipe (m
2
)         

Eq.(9) 

0.01

82 

0.03

2 

0.13 0.16

4 

0.397 0.01

82 

0.03

2 

0.13 0.164 0.397 

u (m/s)   

Eq.(8) 

0.50

3 

1.3 1.39 1.82 2.94 0.50

3 

1.3 1.39 1.82 2.94 

CO2(ppm) 9.1 9.1 9.1 9.1 9.1 6.2 6.2 6.2 6.2 6.2 

bC
mol/m

3
   

0.28

4 

 

0.28

4 

0.28

4 

0.28

4 

0.284 0.19

37 

0.19

37 

0.19

37 

0.1937 0.1937 

D (m
2
/s) 

 

1.8E

-9    

1.8E

-9 

1.8E

-9 

1.8E

-9 

1.8E-9 3.7E

-9 

3.7E

-9 

3.7E

-9 

3.7E-9 3.7E-9 

v  (m
2
/s)   1.0E

-6 

1.0E

-6 

1.0E

-6 

1.0E

-6 

1.0E-6 6.6E

-7 

6.6E

-7 

6.6E

-7 

6.6E-7 6.6E-7 

Re 7642

8 

 

2633

69 

5632

06 

8296

15 

20846

74 

1165

00 

4002

42 

8559

03 

12645

96 

31680

72 

K (m/s)               

Eq.(7) 

 

2.5E

-5 

 

5.5E

-5 

5.3E

-5 

6.6E

-5 

9. 6E-

5 

5.5E

-5 

1.2E

-4 

1.2E

-4 

1. 5E-

4 

2. 1E-

4 

limI
        

Eq.(10) 

2.74 6.0 5.81 7.24 10.52 4.11 9.0 8.97 11.21 15.95 

CR(mm/yr)E

q.(11)      

3.2 7 6.7 8.4 12.2 4.8 10.4

2 

10.4 13 18.5 

 CR 

(mm/month)  

 

0.26

5 

0.6 0.56 0.7 1.0 0.4 0.87 0.86 1.1 1.54 
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Figure 3. Polarization curve of platinum in solution of sodium chloride. 

 
Table 4. Corrosion rate of the water injection system equipments after   increasing the 

amount of the O2 scavengers 

 CR 

At 20 °C At 40 °C 

Inside diameter (in.) Inside diameter (in.) 

Parameter  6 8 16 18 28 6 8 16 18 28 

Flow rate  

   (m
3
/hr) 

 

33 

 

150 

 

650 

 

1075 

 

4200 

 

33 

 

150 

 

650 

 

1075 

 

4200 

Area of a 

pipe (m
2
)         

Eq.(9) 

 

0.018

2 

 

0.032 

 

0.13 

 

0.16

4 

 

0.397 

 

0.018

2 

 

0.03

2 

 

0.13 

 

0.164 

 

0.397 

u (m/s)             
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Eq.(8) 0.503 1.3 1.39 1.82 2.94 0.503 1.3 1.39 1.82 2.94 

CO2(ppm)  

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

bC
mol/m

3
   

 

3.1E-

4 

 

 

3.1E-

4 

 

3.1E-

4 

 

 

3.1E-

4 

 

3.1E-4 

 

 

3.1E-4 

 

3.1E-

4 

 

3.1E-

4 

 

3.1E-4 

 

3.1E-4 

D (m
2
/s) 

 

 

1.8E-

9    

 

1.8E-

9 

 

1.8E-

9 

 

1.8E-

9 

 

1.8E-9 

 

3.7E-9 

 

3.7E-

9 

 

3.7E-

9 

 

3.7E-9 

 

3.7E-9 

v  (m
2
/s)    

1.0E-

6 

 

1.0E-

6 

 

1.0E-

6 

 

1.0E-

6 

 

1.0E-6 

 

6.6E-7 

 

6.6E-

7 

 

6.6E-

7 

 

6.6E-7 

 

6.6E-7 

 

Re 

 

7642

8 

 

 

2633

69 

 

5632

06 

 

8296

15 

 

208467

4 

 

11650

0 

 

4002

42 

 

8559

03 

 

12645

96 

 

31680

72 

K (m/s)               

Eq.(7) 

 

2.5E-

5 

 

5.5E-

5 

 

5.3E-

5 

 

6.6E-

5 

 

9. 6E-5 

 

5.5E-5 

 

1.2E-

4 

 

1.2E-

4 

 

1. 5E-

4 

 

2. 1E-

4 

limI
        

Eq.(10) 

 

3E-3 

 

6.6E-

3 

 

6.3E-

3 

 

7.9E-

3 

 

1.15E-

2 

 

6.6E-3 

 

1.4E-

2 

 

1.4E-

2 

 

1.79E-

2 

 

2.5E-2 

CR(mm/yr)

Eq.(11)      

 

3.4E-

3 

 

7.6E-

3 

 

7.3E-

3 

 

9.1E-

3 

 

1.3E-2 

 

7.6E-3 

 

1.6E-

2 

 

1.6E-

2 

 

2E-2 

 

2.9E-2 

Diffusivity coefficient of O2 in the water at 20°C and at 40°C are obtained from  Coulson et 

al.,1999, Verhallen et al.,1984. 

 Kinematic viscosities of water at 20°C and 40°C are obtained from, Josepn et al.,1987. 
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ABSTRACT 

Co-composting process can be acquired by combining organic fraction of municipal solid waste 

(OFMSW) with sewage sludge (SS) and mature compost (MC) as enhancement and bulking agent to 

overcome the problems of municipal solid waste and wastewater treatment plants besides the finally 

produced fertilizer usage for agriculture and horticulture. The effects of different mixture ratios of 

(OFMSW), (SS) and (MC) on the performance of composting process were investigated in this 

study. Piles of about 10 kg were prepared by mixing OFMSW, SS and MC in three different ratios 

(w/w) [OFMSW: SS: MC= 3:1:1, 3:2:1, and 3:3:1]. Results showed that the pile [3:1:1] was most 

beneficial to composting. The final compost products contained a C/N ratio (12.17), nitrification 

index (N-NH4/N-NO3) (0.2), organic matter degradation (36%), N content (1.75%), and 

Germintation Index (GI) 77.4%. Final compost showed low amounts of heavy metals, and 

significant reduction of pathogens indicating mature and stable bio-mass 

 

Key Words: co-composting, organic fraction of municipal solid waste, sewage sludge mature, 

compost. 

 ادارة حوأة هياه الصزف الصحي لتحسيي قيوتها السواديت باستخذام 
   الوتزافق التحلل البايىلىجيطزيقت 

 
 جذوة عبذ الكزين ابزاهين.د سلواىايواى صاحب .د تسنين فاهن جياد
 اعزبر يغبعذ سئٛظ يُٓذعٍٛ صساعٍٛٛ اقذو يذسط يغبعذ

 خبيعخ ثغذاد–كهٛخ انُٓذعخ -قغى ُْذعخ انجٛئخ ٔصاسح انضساعخ  انًغزُظشٚخدبيعخ ان–كهٛخ انُٓذعخ 

 الخلاصة
 

انًزشافق ثًضج َغت يخزهفخ يٍ انُفبٚبد انظهجخ انعضٕٚخ يع انحًأح انًزٕنذح يٍ يشبسٚع حهم انجبٕٚنٕخٙ ًٚكٍ رحقٛق انز

ٔانز٘ ٚعذ يبدح يحفضح ٔيبنئخ، ٔرنك نهزغهت عهٗ يشكهخ رشاكى  MC)رظفٛخ يٛبِ انظشف انظحٙ يع انغًبد انعضٕ٘ انًحضش)

انُفبٚبد انظهجخ انجهذٚخ ٔيشبكم يشبسٚع انظشف انظحٙ فٙ انزخهض يٍ انحًأح انًزدًعخ ٔفٙ انٕقذ رارّ الاعزفبدح يٍ انًبدح 

 اندذٚذح انُبردخ كًحغٍ رشثخ فٙ يدبل انضساعخ ٔانجغزُخ.

ر إنُفبٚبد انظهجخ انعضٕٚخ ٔانحًأح ٔانغًبد انعضٕ٘ انًحضش ثزغٛٛش َغجخ انحًأح، رى انزحش٘ عٍ أحغٍ َغجخ خهط يٍ ا

(ٚدعهٓب يبدح يثبنٛخ نزحغٍٛ خٕاص C/Nأٌ اسرفبعبنًحزٕٖ انًبئٙ نهحًأح ٔأحزٕائٓب عهٗ َغجخ يثبنٛخ يٍ )انكبسثٌٕ/انُزشٔخٍٛ()

 انخهطخ الأنٛخ.

 انٕصَٛخ طهجخ يع انحًأح يع انغًبد انعضٕ٘ انًحضش ٔثبنُغتكغى يٍ خهط َفبٚبد عضٕٚخ  10رى رٓٛأح يب ٚقبسة يٍ 

 3:3:1 ، 3:1:1،3:2:1  =َفبٚبد عضٕٚخ طهجخ : حًأح :عًبد عضٕ٘ يحضش  انزبنٛخ:
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حظهذ عهٗ أعهٗ َغجخ رحهم يٕاد ار  كبَذ الافضم كًبدح يغًذح يحضشح 3:1:1ثبنُغجخ  خهطخانأثجزذ انُزبئح أٌ 

( ٔانزٙ ْٙ ضًٍ انحذٔد 12.17)C/N أحزٕد انخهطخ انُبخحخ عهٗ انُغجخ  (.1.75َزشٔخُٛٙ)%( ٔأعهٗ يحزٕٖ 36عضٕٚخ)%

( NPKٔثهغذ رشاكٛض انُزشٔخٍٛ ٔانفغفٕس ٔانجٕربعٕٛو )( N-NH4/N-NO3( )0.2( ٔثهغ يعبيم انُزشخخ )12-25انًٕطٗ ثٓب )

احزٕاءِ عهٗ َغت قهٛهخ يٍ انعُبطش % .ٔكزنك 77.4( فقذ ثهغ GIلاعزُجبد )إ,أيب يعبيم عهٗ انزٕانٙ  1.99,0.98%,% %1.75

 انُبرح.انحٕٛ٘ ٚعطٙ دلانخ عٍ َضٕج ٔأعزقشاس انغًبد يًب الاَخفبع انحبد فٙ كثبفخ انًحزٕٖ انجكزٛش٘ انثقٛهخ ٔاخٛشا 

 

ُبضدخ، عًبد ان انزدفٛف احٕاع، اندضء انعضٕ٘ يٍ انُفبٚبد انظهجخ انجهذٚخ ، حًأح انزحهم انجبٕٚنٕخٙ: كلواث الزئيسيتال

 عضٕ٘.

1. INTRODUCTION 

Due to rapid increases in urban population, organic fraction of municipal solid waste (OFMSW) and 

sewage sludge (SS) (bio solids) have increased dramatically in the past 20 years. Environmental 

pollution caused by OFMSW and SS has become a serious social problem which hinders urban 

development Girovich, 1996. In many nations there are now strict mandatory targets to reduce the 

amount of biodegradable municipal waste (BMW) entering landfill due to the lack of available 

landfill space and increasing concerns about climate change EC, 2001. Further some countries also 

advocate that any waste that enters the landfill must first be treated to reduce its environmental 

impact. Treatment options include incineration, separation of recyclable and compostable materials 

at the source by householders, or raw waste undergoing some form of mechanical biological 

treatment (MBT), with the residuals being landfilled Farrell and Jone, 2009. The organic content 

of a waste is generally higher in developing countries; therefore, composting is an appropriate 

alternative for waste management Kanat et al., 2006. Composting not only helps to solve the 

problem of waste disposal, but also produces a useful bio amendment agent (compost) Banegas et 

al., 2007. OFMSW usually has the characteristics of an incompact structure and a relatively high 

carbon to-nitrogen ratio (C/N), whereas SS usually has the characteristics of a dense structure due to 

its high moisture content and low C/N. Therefore, SS requires a larger amount of bulking agent 

(such as sawdust, vegetal remains, or straw) to absorb moisture, provide the composting mass with 

an appropriate degree of sponginess and aeration, and increase the C/N ratio Chen et al., 1996 ; 

Marek et al., 2003 ; Banegas et al., 2007 and Guardia et al., 2008. OFMSW could act as a 

bulking agent for sewage sludge due to its loose structure and relative high C/N. Mixing OFMSW 

and SS can thus improve the sewage structure, increase the nitrogen content of municipal solid 

waste (MSW) for the compost product, and meet the goal of fast sanitization and stabilization 

Banegas et al., 2007. 
Composting is a popular way to treat organic solid waste Bari and Koenig, 2001, but there are 

many factors that affect the composting process, such as the proportions of the mixture, the aeration 

rate, oxygen consumption rates, compost recycling, moisture content, pH and C/N, Golueke and 

Diaz, 1996; Smith and Hughes, 2004 and Meunchang et al., 2005. 
For different materials, the composting parameters are different. For example, Banegas et al. 2007 

studied the composting of SS with sawdust as the bulking agent and found that a 1:1 weight ratio 

was most suitable for aerobic compost process. Meunchang et al. 2005, conducted composting 

experiments with a 2:1 weight ratio of filter cake and bagasse to reduce the C:N ratio in order to 

reduce N loss during composting. 

An optimal composting mixture of 50% food waste, 40% manure, and 10% bulking agent was found 

from previous in-vessel composting study by Cekmecelioglu et al. 2005. Marek et al. 2003. They 

suggested that only a small part of the SS could be utilized for composting because of the limitations 

of the volumetric ratio between the organic wastes and SS, considering the required properties of the 



Journal of Engineering Volume   21  January   2015 Number 1 
 

 

31 

 

raw mixture (moisture, porosity and the ratio C/N). The use of chicken dung and soil as feedstock 

seems to be necessary to increase carbon to nitrogen ratio (C/N) in the optimal range for efficient 

composting and to compensate for the presence of poorly degradable sources of carbon in SS 

Yamada and Kawase, 2006. 

Despite many previous studies on MSW or SS composting processes, information on the 

characteristics of the co-composting of MSW and SS are not available.  

The objectives of the present study is to investigate the characteristics of the co-composting of 

municipal solid waste (MSW) and sewage sludge (SS) through changes in temperature, organic 

matter, moisture content, carbon (C), nitrogen (N), C/N, and N loss, using three different mixing 

ratios.   

 

2. MATERILS AND METHODS 

2.1 Experimental Composting Configuration 

A column vessel of 30 cm diameter and 45 cm height was used as a bioreactor with a perforated 

steel plate elevated 10 cm from the bottom of the vessel as given in Fig. 1. The perforated steel plate 

was installed to ensure air intrusion through mass voids, leachate collection and raw materials 

supporting. A glass thermometer was mounted below the surface of the materials for rapid 

temperature monitoring. A top slot next to the main opening was fitted tightly with a valve to ensure 

fermentation gases outlet. Humidity and pH sensors were installed inside the bioreactor. The 

composting material was rolled every 12h, for 5 min each time in order to provide proper mixing 

and aeration. Hydration was adjusted manually to maintain mixture humidity rate between 40% and 

50%. The bioreactor was buried in the soil to maintain and control temperature for the composting 

process. 

 

2.2 Composting Material 

Approximately 10 kg of raw material consisted of sewage sludge that were taken from the drying 

beds in Al Rustemeyia wastewater treatment plant at Al-Rusafa side in Baghdad which treats mainly 

domestic wastewater, blended with kitchen organic fraction of municipal solid waste (OFMSW) as 

presented in Table 1, and finally with mature compost (MC) prepared previously. The composting 

process consisted of four experiments lasted about 40 days each, as follows:  

1-An OFMSW with same components and weights as indicated in Table 1 was composted alone in 

the bioreactor to prepare mature compost (MC), to be used as a raw material for the following 

experiments. 

2- Mixture of (OFMSW), SS, and MC was composted in experiments E1, E2, and E3 with different 

proportions. The three experiments were compared to find one appropriate proportion out of the 

three following mixtures: (OFMSW: SS: MC, 3:1:1, 3:2:1, 3:3:1).The ratio of MSW, SS and MC 

was chosen to achieve optimal homogenization and an incompact structure. It was noticed that if the 

SS content is high, the mixture will not mix uniformly because of the structure of dewatered SS is 

viscous and is not easy to spread.  

 

2.3 Sampling and Analyses 
Samples were taken at regular intervals, using compositing sampling method which offers the 

advantage of increased accuracy through the use of large numbers of sampling units per sample 

Banegas et al., 2007. Organic analysis samples were taken every three days, while temperature and 

pH analysis samples were taken daily. The final sample was formed after mixing six samples 
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together to form a homogeneous material. From this homogeneous material a portion of sample was 

air-dried and crushed into powder using a laboratory mortar until no gritty particles can be detected 

and then stored for heavy element analysis. Another portion was used for the, N-NH4, N-NO3, total 

nitrogen, organic carbon content, organic matter content and pathogenic bacteria TMECC, 2002. 

 

2.4 Characterization of Composted Material 

Organic matter was determined using the combustion method ASAE, 2004: Two grams of the 

sample were weighed and dried in an air oven at 105°C for 24hr. The dried sample was weighed to 

determine dry weight (A). The dried sample was then burned in a furnace at 550°C for 4 hours, then 

weighted to measure the ash weight (B). 

The contents of organic matter and carbon are measured as follows ASAE, 2004: 

 

% organic matter= (A-B)/A × 100                                                                                                     (1( 

 

% carbon= (% organic matter) / 1.8                                                                                                  (2) 

 

The content of nitrogen as ammonium and as nitrate and total nitrogen was determined by kjeldah 

method. The compost temperature was measured at regular time intervals throughout the 

composting duration, using a digital thermometer. Another set of temperatures were measured in 

different parts of the bioreactor until the termination of the composting trial. An average value was 

accepted as the temperature of the composting material. 

Ten grams of sample were weighted and strewed into Erlenmeyer flask, 100 ml of distilled water 

was added. Auto shaked for 30 min to measure the pH of samples extract using a pH meter. 

Moisture content (gravimetric, wet basis) was determined by drying at 105 
◦
C for 24 hours. 

Total phosphorous as P2O5, total potassium as K2O, magnesium as MgO, calcium as CaO and heavy 

metals concentrations (Cd, Cr, Cu, Ni, Pb, Zn) were analyzed using Atomic Absorption 

Spectrophotometer (Perkin Elmer 2380, AAS-EM). To estimate the reduction of the pathogenic 

microorganisms, biological analyses have been performed to evaluate their density prior and after 

the composting processes. The analyses evaluated the density of the total and faecal coliforms and 

helminthes eggs in the compost produced for each trial. 

 

3. RESULTS AND DISCUSISSION 

3.1 Characterization of Raw Materials 

From Table 2, the drying bed SS is characterized by high moisture content of an average value of 

(72.60) % and low C/N ratio (17.79). The C/N ratio of MSW is about 30 and is optimal for 

composting as it can be composted alone with the addition of water Ogunwande et al., 2008; 

Huang et al., 2011; and Al-Zubaidi, 2013. 

The initial pH values of MC, OFMSW and SS were measured to be 6.3, 8.5, and 6.5 for respectively 

as shown in Table 2. The presence of high concentrations of heavy metals such as Zn and Pb were 

the trace-elements acquiring the highest concentrations in SS used in this study. 

 

3.2 Physicochemical Parameters 

3.2.1 Mass loss  

The starting weight of 10 kg raw material turned to be 3.3kg, 3.75kg and 4kg through 40 days of 

composting for E1, E2 and E3 respectively indicating successful reduction in mass quantities.  
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3.2.2 Mineralization or (Organic matter degradation) 

Mineralization is the decomposition or oxidation of the chemical compounds in the organic matter 

into plant accessible forms Girovich, 1996. 

The mineralization process which took place in the composting bioreactor resulted in lowering 

organic matter content of the substrate. Organic matter content of the substrate at the initial stage of 

composting on the 1st day dropped from 60.24% to 38.34% for E1, 58.83% to 42.58% for E2 and 

56.84% to 45.36% for E3 at the end of the composting process (40 days) as shown in Fig.2. Organic 

matter was subjected to an overall reduction of 36% throughout E1composting process, 28% 

reduction throughout E2 and 20% throughout E3, while the remaining carbon content at the end of 

each process was 21.3%, 23.65% and 25.2% respectively, which is considered to be a good value 

referring to Brinton, 2000 and is expressed in Table 3. 

 

3.2.3 Temperature 

Temperature followed a typical temperature profile for composting (mesophylic-thermophylic-

mesophylic), Fig.3. In each pile the temperature increased from ambient temperature to more than 

50 °C within 2-5 days, and showed rapid initiation of the compost process, due to the appropriate 

C/N ratio besides the process is exothermic. The substrates passed from an initial mesophylic phase 

(<40 °C) to a thermophylic phase after the 2nd day for E1, the 3rd day for E2, and the 5th day for 

E3. Comparing the piles, it seems that higher temperature was achieved in the mixture of E1 (3:1:1), 

confirming the assumption that self-heating ability is closely correlated to the waste characteristics. 

Temperature may increase up as a result of biological degradation of organic materials in solid 

waste or other organic matter in first days of composting process. High moisture content and low 

amount of composting material mass may not produce enough heat and may lost the heat it 

produced easily De Guardia et al., 2010.  

As the organic compounds were degraded, the piles become richer in the more stable compounds 

which were less accessible to the microorganisms and as a result the corresponding temperature 

begun to decrease gradually reaching almost ambient temperature. The temperature reached a 

second mesophylic phase on the 6th day of E1, the 4th day of E2, and on the 8th day of E3 while the 

maturation process took place during this last stage of composting as shown in Fig. 3. Similar 

temperature profile was observed in related pilot scale bioreactor composting experiments held 

locally Al-Zubaidi, 2013; Talib, 2014 and globally Tang et al., 2007; Lu et al., 2008;Elango et 

al., 2009; and Gao et al.,2010. Reaching high temperatures may participate actively for 

accomplishment of compost stability and reduction of retention time in the bioreactor Elango et al., 

2009. Finally, the temperature of each pile approached the ambient temperature at day 30-40. 

Elevated temperatures (>50 °C) were maintained in the bioreactor for five continuous days (2
nd

 to 

6
th

 day) for E1, two days (3
rd

 to 4
th

 day) for E2 and one day (7
th

 day) for E3, which is sufficient time 

for the sanitation of the substrate in E1 and E2 to get rid of pathogenic microorganisms that exist in 

SS mainly, while one day for E3 may indicate low compost stability. Many researchers reported that 

the temperature range for optimal composting is between 52 to 60◦C Boch et al., 1984; Elango et 

al., 2009; Huang et al., 2011; and Al-Zubaidi, 2013. 

 

3.2.4 pH. 

As shown in Fig.4, the pH values increased during the initial stage of anaerobic composting (9.7 on 

the 3
rd

     day, 8.8 on the 4
th

 day, and 9.9 on the 5
th

 day for E1, E2 and E3 respectively, probably this 
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is due to rapid activity of bacteria which release ammonia as organic matter decays. Thereafter, 

through ammonia volatilization and its oxidation to nitrates by the action of nitrobacteria and 

trapped air, ammonia content decreased and thus the pH value drops to around 7 at the end of the 

process. The pH of the mature compost was near neutral (6.3–7.6) indicating a good quality compost 

that is within the suggested range of (6–8.5) TMECC, 2002 .This finding was closely related to 

Sánchez- Mondero et al., 2001; and Huang et al., 2011. 

 

3.2.5 Moisture content (Mc) 

Moisture content is the single most important factor that promotes and accelerates the 

decomposition process. The initial substrates were prepared to have relative high moisture content 

(78.0%, 72.0% and 70.0 % for E1, E2 and E3 respectively) to sustain thermophilic phase     

TMECC, 2002. At final stages of composting moisture content decreased gradually reaching 45%, 

34% and 30% at the final day of the process (40th), for E1, E2 and E3 respectively as shown in 

Fig.5. Final low water content reduces the intensive microbiological activity and at the same time, 

reduces the transportation costs of mature compost as it occupies less volume. 

 

3.2.6 Nitrogen content 

Nitrogen content was measured at the end of each trial i.e. on the 40th day, it was found to be 

1.75%, 1.40% and 1.05% for E1, E2 and E3 respectively, as shown in Table 3.  During composting, 

nitrogen is metabolized mainly to ammonium while the non-soluble complexes of nitrogen 

decompose to soluble nitrogen forms that are readily available for metabolic activities. 

Losses in nitrogen gas during composting occur mainly as ammonia but may also occur as nitrogen 

and nitrates oxides Eklind and Kirchmann, 2000. On the other hand, in terms of dry weight, there 

is an increase in total nitrogen concentration due to the mineralization of organic matter and 

consequent loss of weight in the mass being composted through losses of CO2 and H2O Banegas et 

al., 2007. According to Table 3, initial substrate acquired a 19.50,18.32and30.42 C/N ratio, for E1, 

E2, and E3 respectively, due to carbon consumption at the end of the process the C/N ratio had 

decreased to12.17, 16.90 and 24.00 for E1, E2 and E2 trials respectively which are qualified as good 

quality compost and thus can be applied in agricultural land. Maintaining C/N ratio after composting 

is an important factor to determine the value of finished compost as soil amendment for crops.  

Researchers have suggested various ideal C/N ratios from more than 12 to lower than 25 Brewer 

and Sullivan, 2003; Rihani et al., 2010; and Al-zubaidi, 2013 but the optimal value is often 

dependent on the initial feedstock. Therefore the ratios obtained in this study for E1, E2 and E3were 

considered satisfactory.  

C/N of E3 mixture was the highest of three ratios. Significantly high losses of N occurred during the 

composting process, and the losses of N increased when the amounts of SS in the mixtures increased 

(3:3:1). The degree of stability of the compost is also strictly related to the nitrification index (N- 

NH4/N-NO3).For the 3:1:1 mixture, the C/N was the lowest of the three ratios. However, a higher N  

content (1.75%) was found in the final composting which contribute to the reduction of the 

nitrification index (N-NH4/N-NO3) during compost maturation and can be considered as an indicator 

of a high degree of compost stabilization Brinton, 2000; Abouel wafa et al., 2008; and Huang et 

al.,2011.The appearance of significant quantity of nitrates at the final day (968.4, 1230.8 and1350.7 

mg/kg) in conjunction to low ammonium concentration (200.7, 340.5 and 420.3 mg/kg) are shown 

in Table 4. In his study, the acquired ratio was 0.2, 0.28 and 0.31, for E1, E2, and E3 respectively, 

where ratios less than 0.5 are the better for mature compost Brinton, 2000. 
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3.2.7 Nitrogen, phosphorous and potassium (NPK) 

Levels of NPK value in the finished compost are also important in determining the quality of 

compost, since those elements are essential nutrients for plant growth. Iyengar and Bhave in 2006 
reported that the nitrogen, phosphorous and potassium (NPK) contents for compost should be more 

than 1% each. The total N% found to be 1.75%, 1.4% and 1.05% for E1, E2 and E3 respectively as 

forementioned in Table 3.The results shown in Table 5 revealed that initial values of nutrient P as 

percentages decreased to 0.98, 0.86, and 0.56 for trials E1, E2, and E3 respectively, while the 

amount of P in the original heaps were 1.68, 1.48, and 0.96 as percentages respectively. This 

reduction may be attributed to consumption of phosphoric compounds in cell growth and reduction 

in total mass. The amount of K values increased to 1.99, 1.83, and 1.82 as percentages for the three 

trials. According to the aforementioned literatures and the data obtained from E1,E2 and E3 trials, 

the nutrients level of the end-product composts appeared to be sufficient for plant growth for 

E1(3:1:1) only. 

 
3.2.8 Heavy metals 

High levels of heavy metals such as Cd, Cr, Cu, Pb, Ni and Zn in the composts represent an obvious 

concern if they were to be applied to food crops. Heavy metals do not degrade throughout the 

composting process, and frequently become more concentrated due to the microbial degradation and 

loss of carbon and water from the compost Richard and Woodbury, 1992.  

The heavy metals concentrations in the final composts were generally low and did not exceed the 

suggested European Union states and USA limits presented in Table 6. In addition compost 

produced from E1, E2 and E3 trials may be classified as first class compost based on the metal 

quality standards for compost and stabilized bio-waste Brinton, 2000. Total metal contents in 

compost are of concern when repeated applications to land occur. Field trials involving MSW 

compost application to soil have all reported an increase in soil and plant metal concentrations. 

Generally, increasing the overall heavy metal burden of the soil may be undesirable. Yet the risk of 

metal contamination from MSW-derived composts is of similar magnitude to that posed by bio 

solids application to land which is now a widely accepted practice. 

 

3.2.9 Pathogenic microorganisms 

One of the problems posed by direct use of sewage sludge in agriculture is the risk of plant and 

human contamination by pathogens. According to Stentford in 1996, temperatures more than 55 
o
C 

favor sanitation, values between 45 and 55 
o
C favor degradation, and 35 and 40 

o
C favor microbial 

diversity. The maximum temperatures during the present composting process were ranged between 

(51and 58) 
o
C. These temperatures, which were maintained for several days during the process, 

ensured that the composting process followed was suitable for stabilizing organic matter and 

suppressing pathogenic microorganisms. The development of microbial populations, which cause 

numerous physicochemical changes within the mixture, could influence the metal distribution 

through release of heavy metals during organic matter mineralization or the metal solubilization by 

the decrease of pH, metal bio sorption or metal complexation with the newly formed humic 

substances Zorpas and Loizidou, 2008. 

To estimate the reduction of the pathogenic microorganisms, analyses have been performed to 

evaluate the density of total coliforms, faucal coliforms and helminthes eggs prior and after 

composting processes as shown in Table 7. The elimination or inactivation of pathogenic 
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microorganisms in composts depends on the time/temperature conditions maintained during 

composting. In this study, elevated temperatures (>55 ºC) were obtained for approximately four 

continuous days (2
nd

 to 5
th

  day for E1), above 50 ºC for two days (3
rd

 to  4
th

  day for E2) and equal 

51ºC for one day (7
th

 day for E3), as shown previously in Figure 3. Therefore, it can be inferred that 

the composting trial for E1 had been performed successfully with respect to the sanitization of bio 

solids since the levels of pathogenic microorganisms detected at the end of the process in E1 was 

significantly lower than E2 and E3.However, a quite difference has been observed between E1, E2 

and E3 trials for total and fecal coliforms in the final compost due probably to different ratio of SS. 

While in all cases, data comply with the guidelines for the safe reuse of fecal sludge USEPA, 1993; 

WHO, 1996; and Brinton, 2000. 

 

3.2.10 Germination test 

The compost obtained from E1 trial, after 40 days at 70% moisture and C/N ratio of 12.17 was 

chose to carry out the germination test, to check the phytotoxic effect on plant growth. 

The outcomes of the germination test are given in Table 8 that shows 86% relative seed germination 

and 90% relative root growth; the calculated value of germination index (GI) is 77.4%. On the other 

hand, poor relative seed germination (60%), root growth (68%) and GI (40.8%) values were 

observed for the commercial compost extract, this is an indication that the commercial compost was 

probably immature. The following equations were used to calculate the relative seed germination, 

relative root growth, and germination index (GI) Marek et al., 2003: 
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There is a potential concern that the applicability of these results could be limited because; 

the data used are not suitable measurements for the quality of the compost in land application. 

 

4. CONCLUSIONS 

1. Composting provides a critical step in the treatment of MSW as mass reduction. The residuals 

after composting is about 33.0%, 37.5 %, and 40.0 % of the original weight for the three trials 

respectively indicating that E1 (3:1:1) is the best trial for reducing weight. 

2. The present study has shown that E1 was superior to E2 and E3 during composting, especially for 

moisture-content due to its ability to accumulate and retain heat and to achieve high organic matter 



Journal of Engineering Volume   21  January   2015 Number 1 
 

 

37 

 

degradation. The organic matter was subjected to an overall reduction of 36% throughout E1, 28% 

reduction throughout E2 and 20% throughout E3, while the remaining carbon content at the end of 

each process was 21.3%, 23.65% and 25.2% respectively, which is considered to be a good value. 

3. The temperature of each trial elevated above 50 °C, and were maintained in the bioreactor for five 

continuous days, for E1, two days for E2 and one day for E3, which is sufficient time for the 

sanitation of the substrate in E1 and E2 for the destruction of pathogenic microorganisms that exist 

in SS mainly.  

4. The changes in temperature and chemical parameters of different OFMSW: SS: MC ratios 

indicate that the E1 (3:1:1) is the best for maintaining the highest N content in the final composting 

product. 

5. Nitrogen content measured at the end of each trial was found to be 1.75%, 1.4% and 1.05%for E1, 

E2 and E3 respectively, which proved all to be satisfactory. Due to carbon consumption at the end of 

the process the C/N ratio has decreased to12.17, 16.90 and 24,00, for E1, E2 and E3 trials 

respectively that is still within the recommended range. 

6. The acquired ratios of nitrification index (N-NH4/N-NO3) were 0.2, 0.27 and 0.31, for E1, E2, 

and E3 respectively. Biomass with lower than 0.5 nitrification ratio is considered as mature 

compost. 

7. The P percentage values decreased to 0.98 %, 0.86 % and 0.56 % for trials E1, E2, and E3 

respectively. 

8. The amount of K values increased to 1.99, 1.83, and 1.92 as percentages for the three trials. 

9. The nutrients level NPK of the end-product composts appeared to be sufficient for plant growth 

for E1 (3:1:1) only. 

10. All of the heavy metal concentrations were relatively low when compared with the allowable 

limits. 

11. Composting trial E1 had been performed successfully with respect to the sanitization of bio 

solids since the levels of pathogenic microorganisms detected at the end of the process in E1 was 

significantly lower than E2 and E3. 

12. The obtained GI for E1 trial was 77.4 %, which can be classified as mature compost since GI is 

almost near the recommended level. 

13. In conclusion, a 3:1:1 mixture of OFMSW:SS: MC is recommended for agricultural application 

in terms of pH, high organic degradation, low heavy metal contents and satisfying content of 

nutrients, germination index, and pathogens concentrations reduction. 

 
5. RECOMMENDATIONS 

1. It is recommended that segregation for MSW should be carried out at the household level in terms 

of achieving highest efficiency for compost production. 

2.  Further studies are recommended to use composting technology to solve organic pollutants. 

3. The system could be used by municipalities to conduct composting trials of their yard waste and 

organic residues. 

4. It is recommended that further pilot study should be carried out to investigate the effect of 

different food wastes on the composting process. 

5. Following the production of bio solids a field study is recommended to assess the effects of land 

application of bio solids on crop yield and soil quality, the heavy metal accumulation in soil, crop 

and also groundwater. This kind of collaboration makes the use of sludge in agriculture more 

reliable. 
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NOMENCLATURE & ABBREVIATIONS 

BMW= biodegradable municipal waste 

C/N   = carbon to nitrogen ratio 

GI     = germination index 

LOD = levels of detection 

MBT= mechanical biological treatment 
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 MC= mature compost 

 Mc= moisture content 

MOA= ministry of agriculture 

           MSW= municipal solid waste 

           NPK= nitrogen, phosphorus and potassium content. 

           N.R= no reduction 

 OFMSW = organic fraction of municipal solid waste 

SS= Sewage sludge 

TKNW= water soluble total kjeldahl nitrogen 

TMECC= test methods for the examination of composting and compost 

TS= total solid 

  

Table 1. OFMSW components. 

                                                                                     

                                                                                               

 

 
 
 

 

 

 

 

 

 

Table 2. Physicochemical parameters of raw materials 

                                                                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*LOD: level of detection 

Item (kg) MSW 

Potato  1.27 

Carrot   1.96 

Broad beans   1.96 

Meat  0.34 

Steamed rice 2.00 

Soil  2.00 

Leaves  0.46 

Water  0.70 

Total 10 

Parameters  MC  MSW SS 

Organic matter% 40.87 84.42 44.83 

Moisture content% 67.90 68 72.60 

O.C% 22.71 46.9 24.91 

N% 1.40 1.87 1.40 

C/N  16.22 25.0 17.79 

K% 3.06 1.91 1.00 

P% 0.21 2.04 0.17 

pH 6.30 8.50 6.50 

Cd  mg/kg <LOD* <LOD* <LOD* 

Cr  mg/kg 36.0 <LOD* 77.0 

Cu  mg/kg 34.0 23.0 108.0 

Ni  mg/kg 25.0 25.0 112.0 

Pb  mg/kg 65.0 30.0 125.0 

Zn  mg/kg 513.0 202.0 928.0 
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Figure.1. Schematic diagram of the bioreactor. 

                                     

                                                   

 
Figure 2. Organic matter variations through the composting processes. 

 

 

Table 3. Properties of initial and final compost. 

Trials O.M% %Red O.C.% %Red. N% %Red. C/N% 

Initial Final Initial Final Initial Final Initial Final 

E1 

3:1:1 

60.24 38.34 36.35 33.47 21.30 36.5 
1.72 1.75 

N.R* 19.50 12.17 

E2 

3:2:1 

58.83 42.58 

 

27.62 32.68 23.66 27.6 
1.78 1.40 

21.3 18.32 16.9 

E3 

3:3:1 

56.84 45.36 

 

20.19 31.58 25.20 20.20 
1.04 1.05 

N.R 30.42 24.0 
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Figure 3. Temperature variation through the composting processes. 

 

 
Figure 4. pH variation through the composting processes. 

 

 
Figure 5. Effect of the proportion of municipal solid waste, mature compost and sewage sludge on 

moisture contents. 

 

           

Table 4. Nitrification index for the concerned proportions. 
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mg/Kg E1(3:1:1) E2(3:2:1) E3(3:3:1) 

NH4
-
-N 200.70 340.50 420.30 

NO3
+
-N 968.40 1230.80 1350.70 

NH4
-
-N/ NO3

+
-N 0.20 0.28 0.31 
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Table 5. P and K levels in initial proportions and in final composts. 

Initial  

(Final) 
E1(3:1:1) E2(3:2:1) E3(3:3:1) 

P% 
1.68 

(0.98 ) 

1.48 

(0.86) 

0.96 

( 0.56) 

K% 
1.96 

( 1.99 ) 

1.79 

(1.83) 

1.88 

(1.92) 

 
Table 6. Heavy metals concentration in the 3 trials and quality standards of stabilized bio-waste  Brinton, 

2000. 

   

 
 
 
 
 
 
 

 

 

 
Table 7. Bio solids pathogen concentrations. 

 

 
                                                    

 
 
 
 
 
 
 

 * Log10 MPN/10 g ds. 

Table 8. Outcomes of germination test. 

Item/ parameter 

 

Control 

test 

 

Compost extract 

of in-vessel lab-

scale reactor 

Compost extract of 

Commercial compost 

Total seeds 50 50 50 

Germinated seeds 50 43 30 

Mean root length cm 1 0.90 0.68 

Relative seed germination (%) - 86 60 

Relative root growth % - 90 68 

Germination index % - 77.4 40.80 

 

Metal mg/Kg EU USA E1(3:1:1) E2(3:2:1) E3(3:3:1) 

Cd 0.7 32 <LOD <LOD <LOD 

Cr 70-200 1200 <LOD 59 176 

Cu 70-600 1500 16 64 35 

Hg 0.7-10 17 <LOD <LOD <LOD 

Ni 20-200 420 <LOD 49 80 

Pb 70-1000 300 30 79 48 

Zn 210-4000 2800 326 857 306 

Initial 

   

E1(3:1:1) 

 ( final ) 

E2(3:2:1) 

( final ) 

E3(3:3:1) 

( final ) 

Total coliforms* 5.34 

(0.2) 

9.89 

(0.9) 

12.42 

(1.8) 

Fecal coliforms* 4.64 

(<0.1) 

7.63 

(0.3) 

10.82 

(0.5) 

Helminthes eggs /10 g 20.27 

(<1) 

25.85 

(<1) 

29.73 

(<1) 
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ABSTRACT 

The present study examines the extraction of lead (Pb), cadmium (Cd) and nickel (Ni) from   a 

contaminated soil by washing process. Ethylenediaminetetraacetic acid disodium salt 

(Na2EDTA) and hydrochloric acid (HCl) solution were used as extractants.  Soil washing is one 

of the most suitable in-situ/ ex-situ remediation method in removing heavy metals. Soil was 

artificially contaminated with 500 mg/kg (Pb , Cd and Ni ).  A set of batch experiments were 

carried out at different conditions of  extractant concentration , contact time, pH and agitation 

speed. The results  showed  that the  maximum removal efficiencies  of (Cd, Pb  and Ni ) were 

(97, 88 and 24 )  % respectively using ( 0.1 M) Na2EDTA.  While the maximum removal 

efficiencies using (1M)  HCl were (98, 94 and 55)% respectively. The experimental data of batch 

extraction were applied in four kinetic models; first order, parabolic diffusion, two constant and 

Elovich model. The parabolic diffusion was the most fitted to the experimental data. 

 

Key words: contaminated soil, heavy metals, soil washing, chemical extraction, kinetics. 

 HClو  EDTAباستخذام  اًتزاع الوعادى الثقيلة هي التربة الولوثة 
 

 حاتن عسل كزار                                                         إسراء هحوذ كاطع

 اسخبر هسبعذ                     

                    دكلٍت الهٌذست/ صبهعت بغذا لسن الهٌذست البٍئٍت                          دكلٍت الهٌذست/ صبهعت بغذا   /  لسن الهٌذست البٍئٍت

 الخلاصة
والٌٍكل هي الخربت الولىرت ببسخخذام  ,فً الذراست الحبلٍت حن دراست الاًخساع  للرصبص الكبدهٍىم

(Na2EDTA)Ethylenediaminetetraacetic acid disodium salt    وHCl) Hydrochloric acid  كوحبلٍل )

 اسخخلاص  . 

اى طرٌمت غسل الخربت لازالت الوعبدى الزمٍلت هً واحذة هي أكزر طرق الوعبلضت الولائوت والخً حسخخذم خبرس وداخل      

الخبلٍت: الرصبص ، الكبدهٍىم ، الٌٍكل حٍذ كبى حركٍس  ببلعٌبصر ٌخن حلىٌزهب هخخبرٌب   الخًالوىالع الولىرت. حوج دراست حربت 

فً حضبرة الذفعت الخً اصرٌج على الخربت حن دراست  ظروف هخخلفت  هزل حركٍس الوسخخلص  و    .هلغن/كغن 000الولىد  

ءة  الإزالت اظهرث ًخبئش حضبرة الذفعت على اى الحذ الألصى لكفبزهي الخوبش  والرلن   الهٍذروصًٌٍ وسرعت الاهخساز. 

. بٌٍوب الحذ Na2EDTA( هىلاري0.1(% للـ الكبدهٍىم و الرصبص والٌٍكل على الخىالً فً عٌذ اسخخذام ) 42،88،29)

. حن حطبٍك البٍبًبث والٌخبئش العولٍت (% 00،  49، 48كبى )  HClهي  ( هىلاري1الألصى لكفبءة الإزالت  ببسخخذام )

و  first order ,parabolic diffusion ,  two constant (ًوبرس رٌبضٍت الوسخحصلت هي حضبرة الذفعت فً أربعت

Elovich) ( وحبٍي إى ًوىرس ،parabolic diffusion .هى الٌوىرس الرٌبضً الافضل لخوزٍل البٍبًبث والٌخبئش العولٍت ) 
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 حركٍبث.،الاًخساع الكٍوٍبئً  ،غسل الخربت  ،هعبدى الزمٍلتحربت هلىرت, الكلوات الرئيسية:

1. INTRODUCTION 

Pollution  of the  soils with toxic metals is widespread across the globe, and  threat in many 

countries today . It has become a major environmental concern  in many parts of the world due to 

rapid industrialization, increased urbanization, modern  agricultural practices and inappropriate 

waste disposal method. Accordingly, the cleanup of these soils is a difficult task for 

environmental engineering Tandy, et al .,2004. 

Heavy metals are chemical elements with a specific gravity that is at least (5) times the specific 

gravity of water. They are often problematic environmental pollutants, with well-known toxic 

effects on living systems, Evanko, et al., 1997. They are introduced into the environment during 

mining, refining of ores, combustion of fossil fuels and industrial processes. They cannot be 

degraded or destroyed, Davydova, 2005. 

    The contamination of surface and groundwater with highly mineralized mine waters or with 

compounds leached from mine dumps or tailings pose a very persistent environmental problem. 

Harmful contaminants, derived from such sources, enter the surface streams, settle in sediments, 

dissolve gradually and enter the environment as hazardous substances over long periods of time 

,Phelelani,2007. 
    As one of the most suitable in-situ / ex-situ physical /chemical treatment technologies, soil 

washing has been successfully used for the treatment of soils contaminated with heavy metals, 

hydrocarbons and semi-volatile organic compounds ,Peters, 1999. Soil washing usually employs 

different  extractants such as acids, bases, chelating agents, electrolytes, oxidizing agents and 

surfactants ,Reddy, and Chinthamreddy, 2000.  Soil washing is fast emerging technologies  

that is used to treat/clean up contaminated soil with contaminants ranging from heavy  metals to 

hydrocarbons ,Shumba, 2008. 

  The techniques are to separate the metal from soil by using chelating agents such as , ethylene 

diamminotetraacetic acid disodium salt Na2EDTA, which, can extract heavy metals from 

contaminated soils with high efficiency. Strong inorganic acid ,also, can be used as washing 

solutions in terms of reasonable cost and simple handling of the effluent solution. It is an 

effective solvent due to high its removal efficiency in extraction of heavy metal, especially 

hydrochloric acid  (HCl) ,Isoyama,and Wada,2007. 

      Soil washing is a variable treatment  alternative for metal contaminated  sites chemical 

extraction to enhance the efficiency of heavy metals extraction. Process parameters in soil 

washing include the mode of extraction (batch or continueoud), extraction type and 

concentration, pH, electrolyte concentration, liquid-to-solid ratio (L/S), retention time. The soil 

related parameters are pH ,particle size distribution and mineral type of metal to be extracted and 

their concentration, distribution and physicochemical forms in the soils,Tandy, et al .,2004.         

            . 

2. MATERIALS  

2.1 soil  

Natural Iraqi soil samples were collected from depth not exceeded 20 cm below the ground 

surface. These samples were cleaned, dried and well stored with an additional sieving onto 2mm 

mesh to achieve satisfactory uniformity. Table 1 summaries the physicochemical properties of 

the soil. The required tests for specifying the characteristics of soils are carried out at State 

Company of Geological Survey and Mining/ Ministry of Industry and Minerals.  
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2.2 Contaminants 

To simulate the soil's lead , cadmium and nickel contamination, a solutions ofPb(NO3)2 

,Cd(NO3)2.4H2O , Ni(NO3)2.6H2O, respectively (which are manufactured by Analar  Company/made 

in England) were prepared and added to the specimen to obtain representative concentration.Cd(NO3) 

2.4H2O has a molecular weight of 308.47 g/mole and atomic weight of cadmium ions is112.4g/mole. 

For example, to prepare a soil sample with cadmium concentration of 500 mg/kg , 1.372 g of  

Cd(NO3) 2.4H2O dissolves in 500 ml of distilled water and  added to 1 kg of dry  soil.                           

                                                      

2.3  Na2EDTA (C10H14N2Na2O8.2H2O) 

Ethylenediaminetetraacetic acid disodium salt , is a very effective chelating agent. Its ability to 

bind heavy metal ions can be used to sequester these trace metals, is  very stable and can be 

mixed with just about any phosphate containing fertilizer at basically any pH.  It is very resistant 

to microbial degradation; therefore it remains quite stable in soils. It is of interest that EDTA has 

been used medically to promote removal of lead from the human body and also as an additive to 

render floor polishes with zinc binders amenable to detergent washing,Joseph, et al., 

1997.Table 2 summaries the Na2EDTA characteristics used in  the present study. 

 

2.4 HCl 

Hydrochloric acid is a clear, colorless, highly-pungentsolution of hydrogen chloride (HCl) in 

water. It is a highly corrosive, strongmineral acid with many industrial uses. HCl  is found 

naturally in gastric acid. HCl is very effective in the removal of heavy metals and achieve high 

removal efficiency in the case of natural pH with out neutralization to no loss the acidic property 

that are of high importance for the movement of contaminant sand solubility and thus easily 

extracted ,SRI, 2001.Table 3summaries the HCl characteristics used in  the present study. 

 

3. Experimental Procedure  

    Batch equilibrium tests are carried out to specify the best conditions of contact time, pH, 

concentration of extractant and agitation speed. This means that these tests are suited to identify 

the activity of the chemical extraction using  Na2EDTA and HCl . Series of 250 ml flasks are 

employed, each flask contained 2 g of soil and 20  ml  of ( Na2EDTA or HCl) extractant  with a 

solid to liquid ratio (S/L) 1/10 , and contamination rate of 500 mg/kg .The Na2EDTA 

concentrations were (0.001,0.005,0.01,0.05 and 0.1) M , and HCl concentrations were   

(0.01,0.05, 0.1,0.5 and 1) M. pH values of  the five HCl  solutions  were (2 ,1.7,1.44,1.16 and 

1.08)  respectively .The shaking of solutions were achieved by an  orbital shaker(incubated  

AAH23212K,model S1-600R ,Korea ) at a speed of 200 and 250   rpm at temperature ( 25±1
o
C) 

at different contact time (1,2,3,4,5 and 6 hours) .  

    Then the solution is filtered  using a whatman No 42 filter paper. The supernatant was 

analyzed for heavy metal using atomic absorption spectrometry (AAS) (GBC, SensAA 

(Australia)). All tests were performed in triplicateand the results were presented as average of the 

duplicates extracts.  Kinetic studies were investigated with different values of pH (4,7,10) for 

Na2EDTA  . 

The removal of each contaminant can be calculated using the following Eq.(1), Reddy, and 

Chinthamreddy, 2000. as : 

http://en.wikipedia.org/wiki/Pungency
http://en.wikipedia.org/wiki/Pungency
http://en.wikipedia.org/wiki/Hydrogen_chloride
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Corrosive
http://en.wikipedia.org/wiki/Strong_acid
http://en.wikipedia.org/wiki/Strong_acid
http://en.wikipedia.org/wiki/Gastric_acid
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      Contaminant removal  % =
                               (    )

                                 (    )
                                                (1) 

where: 

CL: concentration of contaminant in supernatant (mg/L). 

CS: concentration of contaminant in soil (mg/kg).  

VL  :volume of supernatant ( L).  

MS : dry mass of the soil (kg). 

 

4. Results and Discussion: 

4.1 Effect of pH 

        Solution  pH is an  important factor determining the efficiency of extraction because it can 

influence the soil retention of metals by extraction , Peters, 1999, and effect the capability of 

extractant to extract the contaminants from soil through different mechanisms.  

         Fig. 1 shows theeffect of pH on removal efficiency.  Highest removal efficiencies (88% for 

Pb,   97% for Cd and   24% for Ni)  were  obtained at lower pH=4, because of protons (H
+
) can 

promote oxide dissolution, besides protons (H
+
) can react with soil surface sites (layer silicate 

minerals and /or surface functional group Al-OH, Fe-OH, and COOH groups) and enhance 

extraction of metals cations ,which are transferred into washing fluid. Also the mobility of heavy 

metals  increased with the pH value of soil decreased. Hydroxo complexes tend to absorb protons 

in acidic pH, as a result, the concentration of effective anion in soil surface decreased and the 

ability of extracting heavy metals was weakened.  However, further increase in pH values would 

cause a decreasing in removal efficiency. This may be attributed to the formation of negative (Pb 

, Cd and Ni) hydroxides Pb(OH)2ˉ, Cd (OH)2ˉand Ni(OH)2ˉ,  which are precipitated from the 

solution making true extract studies impossible. 

HCl  solution concentrations of (0.01,0.05,0.1,0.5 and 1) M were used in the present study , pH 

values of  these  concentrations are (2, 1.7, 1.44, 1.16 and 1.08 ) respectively. NaOH  did not 

added to neutralize the acid because this will reduce the acidic property or loss will 

overshadow(OH) instead of (H) and thus will reduce the movement of metals in polluted soil, 

which are necessary for the transfer of pollutants to the washing solution and therefore will 

prevent or reduce extraction. This agrees previous studies in the use of HCl. Also  at pH < 2 this 

dissolution process replace ion exchange ,Kuo, et al.,2006. 

 

4.2 Effect of Contact Time 

       Extraction time plays a very important role in soil washing. The percentages of removal  of 

(lead, cadmium  and nickel) were determined using Na2EDTA and HCl solutions.    Heavy 

metals were estimated at different contact times (1, 2, 3, 4, 5 and 6 hr) keeping the other 

parameters (pH, extractant concentration, and agitation speed) fixed. Metal removal efficiency 

by chemical extraction process depends on soil geochemistry (soil texture, cation exchange 

capacity, organic matter, particle size, and large surface area of  contaminated soils allow extract 

of pollutants ).They were observed that the heavy metals removal increase as the contact time 

increase and it remains constant after reaching the equilibrium ,Mohanty, and Mahindrakar, 

2011. Because of a large amount of extractant  became exhausted , the extraction rate is 

controlled by the rate at which the extract  is transported from the soil exterior to the interior sites 

of the extractant, because buffering capacity for soil reaching equilibrium.  However, further 
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increase in contact time had no significant effect on heavy metals removal. Figs.2 and 3 show the 

effect contact time on extraction (Pb, Cd and Ni) using Na2EDTA and HCl . 

4.3 Effect of Extractant Concentration  

     Chelating agent modify  metal concentration in  soil solution by forming various soluble 

complexes , thus  enhance  metal removal (Reddy andChinthamreddy,2000). Different 

concentrations  (0.001,0.005,0.01,0.05 and 0.1M )  of  Na2EDTA  were used in the present study. 

The soil washing with Na2EDTA extractant was at pH=4. For the extraction of contaminated soil 

using HCl extractant, different concentrations  of  HCl (0.01,0.05,0.1,0.5 and 1M) were used . 

No pH adjustment was made in the experiments of  soil extraction by HCl. The extraction of 

heavy metals from contaminated soil using Na2EDTA and HCl was at solid/liquid ratio 1/10 and 

shaking speed 200 rpm. 

     Removal of the three metals increased with increasing Na2EDTA and HCl concentrations and 

this agree with result of Kirpichtchikova, et al., 2006. This  may due to the soil’s properties, 

such as metals distribution and physicochemical forms in the soil .  

     High concentrations achievedacidic mediumwhich isessentialforthemovement of 

pollutantsand ease oftransmissionandexchangeofionswithwashingsolutions. Also this was 

expected that the higher concentrations of extractant in soil, the greater availability of extraction. 

The extraction  were  carried out using different dosage of extractants as  shown in Figs.4 and 5. 

4.4 Effect of Agitation Speed  

Effect of agitation on removal efficiency is shown in Figs .6 and 7. These figures showed  that 

the removal efficiency decrease after 200 rpm speed. This may  due to stick a part of the 

contaminated soil  on inside surface of volumetric flask neck during the operation of thermostatic 

mixer which lowers  the extraction of metals. Therefore, 200 rpm was taken as the best  agitation 

speed where maximum removal efficiency can be obtained . 

 

4.5 Kinetic Models for Soil Washing  

In order to examine the heavy metals extraction mechanism, kinetic data were fitted with four 

mathematical models: first order, parabolic diffusion, two constant and elovich model. Min, et 

al., 2008 presented the linear forms  of  these mathematical  models as shown in Table 4 which 

were applied for experimental  data in the present study. 

 

2.5.1   First order kinetic model 

The first-order model is generally expressed as below Eq.(2) (Kue and Lotes, 1973 ): 

lnqt= lnq0-k1t                                                                                                                        (2) 

Where  qt and q0 are amount of contaminant desorbed (mg/kg) after time period of extraction , k1 

is first order rate constant (s
-1

).  

2.5.2  Parabolic diffusion kinetic model 

Khater and Zaghloul  proposed parabolic diffusion kinetic model, which can be written as Eq.(3) 

, Khater and Zaghloul, 2002. 

 qt=q0 +kp t
0.5

                                                                                                                         (3) 

Where kp= is diffusion rate constant (mg contaminant/ kg) 
-0.5
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2.5.3 Two-constant kinetic model 

The two-constant  model is generally expressed as below Eq.(4) , Dang et al.,1994 : 

qt=at
b
                                                                                                                                      (4)  

Where a= is initial contaminant desorption rate constant (mg contaminant/kg/s)
b 

, b= is 

contaminant desorption rate coefficient (mg contaminant/kg)
-1

 

2.5.4  Elovich Kinetic Model  

A widely used equation to describe the kinetics of chemical desorption  is the Elovich Eq.(5) 

,Polyzopoulos et al., 1986: 

qt= 1/βs ln αs βs +1/βs lnt                                                                                                         (5)  

Where αs= is initial contaminant desorption rate (mg contaminant/kg/s), βs=is contaminant 

desorption constant (mg contaminant/kg)
-1 

The kinetic constants of each model were obtained using Microsoft excel software. From 

calculating  the coefficient of  determination (R
2
) of each model ,the best fit model can be found. 

This fitting can be intercept by the higher coefficients of determination (R
2
) as shown in Tables 

5 and  6. 

The parabolic diffusion model provided the best correlation {coefficient of determination (R
2
) } 

with experimental data. 

5. CONCLUSION 

1- The batch result indicated that several factors such as extraction or equilibrium time, initial  

pH of the solution, extractant concentration and agitation speed affect the extraction process. The 

best  values of these factors that will achieve the maximum removal efficiency of heavy metals 

can be summarized as follow: 

a- Using Na2EDTA as extractant, the best contact time was three hours for removing lead and 

four hours for removing cadmium  and nickel .  

b- Using HCl as extractant, the best contact time was four hours for removing lead and 

cadmium, and five hours for nickel. 

c- The best pH value was 4 when using Na2EDTA . 

d- Maximum removal percentage of lead, cadmium and nickel in batch extraction was 

obtained at concentrations of 0.1 M  Na2EDTA and 1 M HCl. 

e- The agitation speed 200 rpm gave higher removal efficiencies compared with 250 rpm. 

2- The removal efficiency of extraction increase with: 

b- Increase time until reach equilibrium time.  

c- Decrease pH solution. 

d- Increase extractant concentration. 

e- Decrease agitation speed to a certain limit. 

 3- The sequence of heavy metals removal was Cd >Pb>Ni. 

4-The parabolic diffusion model provided the best correlation with experimental data. 
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  

NOMENCLATURE 

a= is initial contaminant desorption rate constant (mg contaminant/kg/s)
b  

b= is contaminant desorption rate coefficient (mg contaminant/kg)
-1

 

A= the intercept ; B: the slope 

CL= concentration of contaminant in supernatant (mg/L). 

CS= concentration of contaminant in soil (mg/kg).  

k1= is first order rate constant (s
-1

) 

kp= is diffusion rate constant (mg contaminant/ kg) 
-0.5

  

MS = dry mass of the soil (kg). 

qt, q0= are amount of contaminant desorbed (mg/kg) after time period of extraction 

S0 = initial pollutant content in soil (concentration of contaminant in soil ) (mg/kg).  

S= pollutant  removal  content at time (concentration of removal from soil    

     with time) (mg/kg). 

t: contact time (hour).  

VL  :volume of supernatant ( L).  

αs= is initial contaminant desorption rate (mg contaminant/kg/s) 

βs=is contaminant desorption constant (mg contaminant/kg)
-1 
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Table 1.Composition and properties soil used in the present study . 

Property Soil 

Particle size distribution (ASTM D 422) 

Sand (%) 

Silt   (%) 

Clay (%) 

 

1.5 

63.5 

35 

Cation Exchange Capacity (meq/100g) 12.5 

Initial pH 8.3 

Background  concentration of cadmium (mg/kg) nill 

Background concentration of nickel (mg/kg) 3.52 

Background concentration of lead (mg/kg) 15 

Organic matter (%) 0.49 

Organic carbon (%) 0.16 

Electrical conductivity EC (µS/cm) 593 

Surface area (m
2
/g) 22.776 

Bulk density (g/cm
3
) 1.1317 

Porosity (n) 0.493 

Specific weight 2.69 

Soil classification 
Silty 

clay  loam 
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Table 2. Physical and  chemical properties of Na2EDTA. 

Property Value 

Molecular weight 372.24 g/mole 

gggg/mole Density  1.01 g/cm
3
 

pH (5% solution) 4.3- 4.7 

Water – in soluble matter 0.003% 

Chloride (Cl) 0.004% 

Nitrilotriacetate  N(CH2COO)3 0.05% 

Sulphate (SO4) 0.02% 

Calcium(Ca) 0.002% 

Copper (Cu) 0.0001% 

Iron (Fe) 0.0005% 

Lead (Pb) 0.0005% 

Magnesium (Mg) 0.001% 

Potassium (K) 0.002% 

 

Table 3. Physical and  chemical properties of HCl. 

Property Value 

Molecular weight 36.46 g/mole 

Minimum assay 35% 

Specific density 1.19 g/cm
3
 

Sulphate (SO4) 0.0005% 

Sulfite (SO3) 0.001% 

Free chlorine (Cl) 0.0001% 

Heavy metals (as Pb) 0.0005% 

Iron (Fe) 0.0002% 

Arsenic (As) 0.0001% 
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Table 4. The mathematical models applying to fit experimental  data . Min, et al., 2008 

Model Linear form 

First -order ln(S0–S) = A -Bt 

Parabolic diffusion S = A + Bt 
1/2

 

Two-constant lnS = A + Blnt 

Elovich S = A + Blnt 

 

where:  

t: contact time (hour).  

S0 : initial pollutant content in soil (concentration of contaminant in soil ) 

      (mg/kg).  

S: pollutant  removal  content at time (concentration of removal from soil    

     with time) (mg/kg). 

A: the intercept ; B: the slope. 

 

Table 5.The coefficient  of determination (R
2
) of  kinetic models  for single component system 

using Na2EDTA. 

Models Coefficient of determination (R
2
) 

Pb Cd Ni 

First -order         0.591        0.753         0.896 

Parabolic diffusion 0.9286 0.8514 0.8946 

Two-constant 0.6048 0.6544 0.7438 

Elovich 0.4495 0.7758 0.7758 

 

Table 6.The coefficient  of determination (R
2
) of  kinetic models  for single component system 

using HCl. 

Models Coefficient of determination (R
2
) 

Pb Cd Ni 

First -order 0.078 0.821 0.333 

Parabolic diffusion 0.7818 0.843 0.7646 

Two-constant 0.0132 0.7758 0.7146 

Elovich 0.0317 0.8523 0.7537 
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(a) Lead  

 

(b) Cadmium  

 

(c) Nickel  

Figure 1.Effect of pH on removal efficiency of (lead, cadmium and nickel)  as a function of  

contact time using Na2EDTA (Na2EDTA concentration = 0.1M  ;speed = 200 rpm) . 
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Figure 2.Removal efficiency of (lead, cadmium and nickel) as a function of contact time  using 

Na2EDTA (pH =4; Na2EDTA concentration =0.1M; speed=200 rpm) . 

 

Figure 3.Removal efficiency of (lead, cadmium and nickel )    as a function of contact time  using 

HCl (pH =1.08; HCl concentration =1M;speed=200rpm)  . 
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(a) Lead  

 

(b) Cadmium  

 

(c)Nickel  

Figure 4.Effect of Na2EDTA concentration on removal efficiency of (lead, cadmium and nickel)  

as a function of contact time (pH =4; speed=200 rpm) . 
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(a) Lead  

 

(b)Cadmium  

 

(c)Nickel  

Figure 5.Effect of HCl concentration  on removal efficiency of (lead, cadmium and nickel)   as a 

function of contact time (speed =200 rpm) . 
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Figure 6.Effect of agitation speed on removal efficiency of (lead,cadmium and nickel ) as a 

function of contact time using Na2EDTA (Na2EDTA concentration =0.1M; pH =4) . 
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Figure 7.Effect of agitation speed on removal efficiency of (lead,cadmium and nickel ) as a 

function of contact time using HCl (HCl concentration =1M; pH =1.08) . 
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ABSTRACT 

This study concerns a new type of heat exchangers, which is that of shell-and-double concentric tube 

heat exchangers. The case studies include both design calculations and performance calculations. 

       The new heat exchanger design was conducted according to Kern method. The volumetric flow 

rates were 3.6 m
3
/h and 7.63 m

3
/h for the hot oil and water respectively. The experimental parameters 

studied were: temperature, flow rate of hot oil, flow rate of cold water and pressure drop. 

A comparison was made for the theoretical and experimental results and it was found that the 

percentage error for the hot oil outlet temperature was (- 1.6%). The percentage errors for the pressure 

drop in the shell and in the concentric tubes were (17.2%) and (- 39%) respectively. For cold water 

outlet temperature, the percentage error was (- 3.3%), while it was (18%) considering the pressure drop 

in the annulus formed. The percentage error for the total power consumed was (-10.8%).  

A theoretical comparison was made between the new design and the conventional heat exchanger 

from the point of view of, length, mass, pressure drop and total power consumed. 

  

Key Words: new heat exchanger, conventional heat exchanger, length of heat exchanger, mass of heat 

exchanger, total power expenditure 

 

انمتذاخهت انمتمركزةانحساباث وانتحانيم نهمبادل انحراري رو انقشرة والانابيب   

 
بسمت عباس عبذ انمجيذ                                                                        فاضم عبذ علاوي                         

جامعت بغداد-كليت الهىدست               استاذ مساعد                                                                                                

                                                                                                       جامعت بغداد-كليت الهىدست                    

                               

 انخلاصت

المبواد  الحوسازذ ذا الرةوسة االاوابيوم المتداالوت المتمسكصة.هورا يت جديدة مه المبادلاث الحسازيت , هوو ان هري الدزاست تعىى بىوع      

حٌث تم   kern method))ان المبادل الحراري الجدٌد صمم على طرٌقة البحث يتضمه الحساباث التصميميت احساباث كفاءة المباد .

3.6m استخدام دهن ساخن ذو تدفق حجمً
3
/h ً7.63. وماء بارد ذو تدفق حجمm

3
/h المتغٌرات التً تم قٌاسها من التجارب العملٌةة

 معدل الجرٌان للماء.هً درجة الحرارة و معدل الجرٌان للدهن الساخن و
الةدهن السةاخن تم  اجراء مقارنة بٌن النتائج العملٌة والنظرٌة  للمبادل الجدٌةد حٌةث وجةد ان نسةبة الخطةن بالنسةبة لدرجةة حةرارة        

, وكانةت  نسةبة الخطةن بالنسةبة (%17.2(هو  )shell), ونسبة الخطن بالنسبة لهبةوط الغةغط فةً ال(%1.6-) هً الخارجة من المبادل

بالنسةبة لدرجةة  %3.3-)).امةا بالنسةبة للمةاء البةارد فقةد كانةت نسةبة الخطةن هةً %39-) لهبوط الغةغط فةً اانابٌةب المتداخلةة هةً ) 
خارج من المبادل ونسبة الخطن بالنسبة لهبوط غغط الماء المار فً التشكٌل الجدٌد الحاصل من اانابٌب المتداخلةة هةً حرارة الماء ال

 .  (%10.8-كانت نسبة الخطن ) الطاقة الكلٌة المصروفة فقداما بالنسبة لمقدار(, (18%
ط ومقدار مبادل التقلٌدي من حٌث الطول, الوزن ,هبوط الغغهذا البحث تغمن مقارنة نظرٌة بٌن تصمٌم المبادل الحراري الجدٌد وال      

 .الطاقت المصسافت

المباد  الحسازذ, اشن المباد  الحسازذ, الطاقت الكليت  المباد  الحسازذ الجديد, المباد  الحسازذ الترليدذ, طو  انكهماث انرئيست:

.المصسافت
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1. INTRODUCTION 

A shell and double concentric tubes heat exchanger is a new invention in heat transfer devices that 

is used for transfer of internal thermal energy between three fluids at different temperatures (two hot 

flows and a cold flow H-C-H or opposite C-H-C). 

These heat exchangers can be used in many specific applications such as air conditioning, waste heat 

recovery, chemical processing, power production, distillation, food processing, etc. 

The use of these new heat exchangers will enhance the heat exchange and will increase compactness. It 

means the decrease of the cost and the weight of this type of heat exchanger. 

The new heat exchangers are similar to the prior one; the differences are that the simple (or corrugated) 

tubes with or without fines are now replaced by double concentric tubes. The outside diameter of the 

envelope of the double concentric tube is the same order that tubes used in the shell and tube heat 

exchangers.  

Principally, the second tube (inner tube) improves heat transfer through an additional flow passage and 

a larger heat transfer area per heat exchanger length unity. 

Also, two new tube sheets are added to serve as flanges for attachment of the channels and their 

respective channel covers and two distribute a fluid in inner tubes of double concentric tubes. The old 

two tubes sheets are always used as flanges for attachment of the two channels and distribution of the 

fluid passing in the annuals passage formed by the concentric tubes. 

The typical shell-and-tube heat exchanger is not ideal in terms of its size. This contributes to an 

increased cost of manufacturing and installation, and on top of that, consumes a lot of space.  

In this new heat exchanger the application of two different streams is the main one. In this case, 

the new heat exchanger is compact; it has a less exchanger length (volume) than a shell-and-tube heat 

exchanger. The new heat transfer area is equal to the heat transfer area of shell-and tube heat 

exchanger plus of inner tubes heat exchange area. 
 

2. DESCRIPTION OF THE HEAT EXCHANGER 

In shell and double concentric tubes heat exchanger as shown in Fig. 1, one sees the shell, the three 

distributors, the three collectors and the channel covers with four tube sheets. The two fluids of same 

temperature level enter by the first and the third distributor and goes out by the third and the first 

collector, respectively. The fluid of different temperature level of two other fluids, pass by the 

intermediate collector (or distributor). 

First fluid (the same temperature level or the same nature as the third fluid) enters by the first 

distributor and passes by the first tube sheet and goes out by the fourth tube sheet and the last collector. 

Whereas second fluid penetrates into the heat exchanger by the second distributor and crosses the 

passages of annulus shape formed with the inner tubes and the second tube sheet then it goes out the 

heat exchanger by the third tube sheet and the last front collector. Third fluid enters the heat exchanger 

by the third distributor and crosses the heat exchanger at outside of double envelopes (shell side) and 

goes out the heat exchanger by the first collector in the same way as classic shell-and-tube heat 

exchangers.  

These shell-and-double concentric-tubes heat exchangers are conceived in a different ways, according 

to present fluids. Tubes can be corrugated tubes with fins. Generally, fluid circulating towards the shell 

can circulate in multi pass because of the baffles presence. It allows irrigating better all the tubes. 

There are several types of baffles: segmental baffle, disc and doughnut baffle. Tubes can be arranged 

in the bundle following a staggered or aligned arrangement. The two fluids of same nature or same 

temperature level enter by the same heat exchanger side. The different fluid of the two other fluids 
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flowing in the annulus section of the concentric tubes passes generally in the opposite direction of the 

global circulation of the two other fluids. 

 

3. THEORY OF DESIGN AND ANALYSIS 

3.1 Design Consideration 

In designing heat exchangers, a number of factors that need to be considered are:  

1. Resistance to heat transfer should be minimized. 

2. Contingencies should be anticipated via safety margins; for example, allowance for fouling 

during operation.  

3. The equipment should be sturdy.  

4. Cost and material requirements should be kept low.  

5. Corrosion should be avoided.  

6. Pumping cost should be kept low.  

7. Space required should be kept low.  

8. Required weight should be kept low.  

Design involves trade-off among factors not related to heat transfer. Meeting the objective of 

minimized thermal resistance implies thin wall separating fluids. Thin walls may not be compatible 

with sturdiness. Auxiliary steps may have to be taken, for instance, the use of support plates for tubing, 

to realize sturdiness, Saunders, 1988. 

The optimum thermal design of a shell and double concentric tubes heat exchanger involves the 

consideration of many interacting design parameters which can be summarized as follows: 
 

Processes 

1. Process fluid assignments to three streams shell side or inner tubes side and annulus side. 

2. Selection of stream temperature specifications for three streams. 

3. Setting shell side, inner tubes side and annulus side pressure drop design limits. 

4. Setting shell side, inner tubes side and annulus side velocity limits. 

5. Selection of heat transfer models and fouling coefficients for shell side, annulus side and inner 

tubes side. 

Mechanical 

1. Selection of heat exchanger TEMA layout and number of passes. 

2. Specification two types of tube parameters - size, layout, pitch and material for bundle of inner 

tubes and bundle formed annulus passages. 

3. Setting upper and lower design limits on inner tubes and annulus tubes length. 

4. Specification of shell side parameters – materials, baffles cut, baffle spacing and clearances. 

5. Setting upper and lower design limits on shell diameter baffle cut and baffles spacing, John, 

1998.  
 

3.2 Analysis of New Heat Exchanger 

The analysis of heat new exchanger is simplified through a number of reasonable and realistic 

assumptions:  

1. Steady- flow.  

2. Kinetic and potential energy changes are negligible. 

3. The specific heat of a fluid (oil and water) is constant.   

4. The axial heat conduction along the tube (inner tubes and annulus passages) is negligible. 
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5. The outer surface of the heat exchanger is perfectly insulated. 

Based on these assumptions, it can be shown through the first law of thermodynamics that the rate of 

heat transfer from the hot fluid be equal to the rate of heat transfer to the cold one. 

The transfer rate to the cold fluid: 
  

    cccc TCpmq                                                                                                                                          (1)     

                                                                           

The transfer rate to the hot fluid: 
 

  hhhh TCpmq                                                                                                                                         (2)                                                                 

   

The heating and cooling loads of a heat exchanger under operating conditions can be calculated 

from the above equations. The temperatures of the fluids in a heat exchanger are generally not constant 

but vary from point to point as heat flows from the hotter to the colder fluid. Even for a constant 

thermal resistance, the rate of heat flow will therefore vary along the path of the exchanger because its 

value depends on the temperature difference between the hot and cold fluid in the test section, 

Ramesh, et al., 2003. The evaluation of the logarithmic mean temperature difference (LMTD) for 

counter and parallel flow streams, respectively by using Eq. (3): 
 

      

b

a

ba

T

T

TT
LMTD








ln

                                                                                                               (3)                                                             

       aT  difference between the hot and cold fluid streams at the inlet to the heat exchanger, while 

bT  is the temperature difference at the outlet from the heat is the temperature exchanger.  

 It is convenient to use an average effective temperature difference ( mT ) for the entire heat 

exchanger, defined by (Eq.1): 
 

     mTAUq                                                                                                                                    (4)  

                                                      

  The average temperature difference  mT  can be taken as the same value of the logarithmic mean 

temperature difference for one tube pass.    For more than one tube pass, the average temperature 

difference  mT  , can be calculated by multiplying the logarithmic mean temperature difference by the 

temperature correction factor as Eq.(5), Coulson, and Richardson, 1998:  

 

        LMTDFTm                                                                                                                 (5)                                            
 

4. EXPERIMENTAL WORK 

4.1 Manufacturing and Description 

The test section was a shell- and -double concentric tube heat exchanger with dimensions of 1.3 m 

in length and 1.08 m effective tube length. 

       The tubes of the conventional shell and tube heat exchanger were replaced with double concentric 

tubes, to improve the heat transfer through an additional flow passage which gives larger heat transfer 
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area.  The shell and double concentric tube heat exchanger was designed to work with three streams of 

fluids (two hot flows and a cold one H-C-H or the opposite C-H-C). 

The shell and double concentric tube heat exchanger was designed for counter flow configuration, in 

which the hot oil flows in the inner tubes and also in the shell in opposite direction to the cold water 

which flows in the annulus section of the concentric tubes side. Thermometers and pressure gauges are 

connected to the tubes and shell sections.  

 The heat exchanger constituted with:     

        

4.2 Tubes and Tube Sheet 

A circular plate of carbon steel with 10 mm thick was used as the tube sheet. Tube holes were 

drilled with 6.25mm clearances in dimensions of the holes and hole pitches, with a tip of 45
○ 

cut in 

each hole. Tubes were welded to the tube sheet. 

A bundle of 16 carbon steel tubes of 20 mm inside diameter and 25 mm outside diameter was 

used; the tubes are distributed as a triangular 30

 tube pattern. The clearance between two adjacent 

tubes is 6.25 mm, and the tubes pitch is 31.25 mm.          

A second bundle of 16 carbon steel tubes of  6 mm inside diameter and 10 mm outside diameter, 

were added concentrically in each of the mentioned above. Fig. 2 shows the concentric tubes.  

 

4.3 Shell 

Plate of carbon steel with 8 mm thickness was used to construct the shell. Six flanges were 

welded, one in each of the ends of shell cylinder, one of them is to close the shell and the other flange 

has two holes for inlet and outlet flows to the inner tubes.  Four flanges were in the ends of both 

bundles of the tubes, in each end two flanges. Shell had been drilled from points on top and bottom to 

insert the nozzle. The shell inner diameter is 203 mm, and the shell outer diameter is 220 mm. Baffles 

of thickness 6 mm were spaced by a distance of 100 mm. The free section left was of 25%.  

 

4.4 System of Fluids 

Two fluids are used to complete the cycle of the heat exchanges. The first one which passes 

through the shell side and the inner tubes side is forty stock oil (lube oil) from Dorra Refinery. The 

experimental working range of this oil is 120˚C to 80˚C.The other fluid is water. It passes in the 

annulus section of the concentric tubes. The temperature range for the water is 20˚C to 30˚C.The flow 

is accomplished counter currently.  

 

4.5 Cooling Circulation Unit  

Water was used as the cooling fluid for this unit .The circuit consisted of a pump of 3 HP to 

circulate cold water, and to pump water to the annulus passages in the heat exchanger.  

The cold water is supplied by a constant head tank of 250 liters capacity. Water is pumped from the 

above mentioned tank through the test section.  

The cooling water leaving the heat exchanger will flow to a vessel of 100 liters capacity as a container 

to measure the temperature of outlet water   and drainage to the sewage. 

 

4.6 Heating Circulation Unit 

Oil was used as the heating media for this unit, it consisted of a cubical tank equipped with an 

immersed two electric heaters each of 3000 W to heat oil to the desired temperature and the two 

heaters were equipped with a thermostat to adjust the oil temperature. The flow was measured using a 

flow meter in the range of 70 l/min and the hot oil flow is controlled by gate valve.  
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The hot oil is pumped by a single stage centrifugal pump from 250 liters capacity heating tank 

through the test section and it returns back to the second heating tank.  

 

4.7 Rig Construction 

4.7.1 Construction 

A lay out of experimental setup is shown in Fig. 3.All piping system used in this rig were supported 

firmly and easily dismantled. Also supports were used to prevent piping from breakage due to 

vibration and load. All piping was joined by using threaded joints. A gate valve was used as a bypass 

valve for the heating and cooling circulation pumps .All pipes were cleaned before use to avoid fouling 

problem. The test rig was closed circulated for hot media and open for cold media.  
 

4.7.2 Measuring Instrumentation  

Temperature, pressure and flow rate were measured in the piping system, using thermo couples, 

pressure gauges and flow meters have been used as the main measuring instruments.  

      The parameters to be measured during the test are: 

1. The inlet and outlet temperatures of the tube side (inner and annulus) and shell side. 

2. The inlet and outlet pressures of the tube (inner and annulus) side and shell side.  

3. The flow rates of the tube side and the shell side. 
 

4.7.3 Test Procedure 

After completing checking steps, the test process begins by switching on the circuit breaker that 

supplies power to the whole system.Then, switching on the individual switches of the two heaters will 

transfer the electrical power to the heaters which will rise the temperature of oil in the reheater as 

required to the desired temperature fixed by setting off the thermostat.This process takes 60 to 90 

minutes depending upon the required temperature from the thermostat and the temperature of oil 

before starting. After that, the hot oil pump will start and the gate valve that controls flow rate of hot 

oil to in the inner tube side and in the shell side in the heat exchanger is opened.  

On the cold water side, the cold water pump is switched, at the same time of the hot oil pumping 

and the flow is set according to the required flow rate.  

After reaching the steady state condition, flow rate is fixed in the annulus side cold water at 2.4 m
3
/h 

and at the required temperature of the hot oil set by the thermostat ,the hot oil temperature is regulated 

and changed from 120˚C to 80˚C. On the hot oil side (inner tube side and shell side), flow rate of oil is 

regulated and changed from 1.2, 1.5, 1.8, 2.1, 2.4, 2.7, 3.0, 3.3 and 3.6 m
3
/h.  

Water temperatures are constantly measured during flow rate variation. The pressures are also 

measured at the inlet and the outlet of the exchanger.  

The procedure was repeated for flow rate of cold water in the annulus side as 2.4, 3.6, 4.8 m
3
/h with 

fixed thermostat setting.       

Tests were repeated after changing setting of the thermostat by 10
◦
C step from temperature setting 

level of 80
◦
C up to 120

◦
C. During each step of test flow rate of water is regulated and temperature and 

pressure are taken. Analysis and comparison of readings results are carried out at different conditions.  
 

 

5. RESULTS AND DISCUSSION 

5.1 Comparison b e tw een  the  Resu l ts  f rom Theoretical and Exper i ment a l  Work  f or  

New  Heat  Exchang er  
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5.1.1 Exit Temperature of Hot Oil 

The theoretical design for new heat exchanger represents that the exit temperature of hot oil is at 

60˚C. Table 1 shows the experimental results obtained from the tested new heat exchanger and it can 

be seen from these results that the exit temperature of hot oil is 59˚C. 

The difference between the two temperatures is 1˚C therefore, the experimental result is better 

than the theoretical design and the error ratio from these results is about -1.6%. 
 

5.1.2 Exit Temperature of Cold Water 

The temperature of cold water theoretically designed in new heat exchanger is at 20˚C inlet and at 

30˚C outlet as shown in Appendix. The experimental results in Table 1 represent that the exit 

temperature of cold water is at 29˚C.  

The experimental result for the exit temperature of cold water is also close to the theoretical result and 

the error ratio between these results is about -3.3%. 
 

 

5.1.3 Pressure Drop in Shell Side 

Calculations in Appendix shown the theoretically value of pressure drop for hot oil in shell side of a 

new heat exchanger is 1.25 kPa. Experimentally the result of pressure drop in shell side is 1.51 kPa as 

shown in Table 1. The error ratio between the two values is about 17.2%. 
 

5.1.4 Pressure Drop in Inner Tubes Side 

The theoretical design of new heat exchanger represents the value of pressure drop for hot oil in inner 

tube side is 35 kPa as shown in Appendix, but the experimental result given in Table 1 shows a lower 

value of pressure drop in inner tube side of 21.4 kPa and the error ratio between the values of pressure 

drop is about -39%. 
 

5.1.5 Pressure Drop in Annulus Side 

The value of pressure drop for water in annulus passage is 9 kPa for theoretical design as shown in 

Appendix. From Table 1 the pressure drop for water in annulus passage is 11 kPa for experimental 

work.The error ratio for these results is about 18%. 
 

5.1.6 Total power expenditure 

From Calculations in Appendix the value of total power expenditure is 0.037 W for theoretically 

designed heat exchanger and from the experimental result the value of total power expenditure is 0.033 

W.It can be seen that the experimental result is better than theoretical result and the error ratio for these 

results is about -10.8%. 

 

5.2 Comparison b e tw een  the  New  and  Convent iona l  Heat  E xchangers  

5.2.1 Length of heat exchanger 
 

Table 2 represents the variation of the heat exchanger length with the volumetric flow rate of the 

hot oil for the new and conventional heat exchanger. The results in this table were obtained from the 

thermal design equations for the new and conventional heat exchangers.  

Comparison between the lengths of two heat exchangers is presented in Fig. 4.It can be seen that at a 

flow rate of 3.6m
3
/h, the length of the conventional heat exchanger designed at 3.6m

3
/h is higher about 

63% than the length of the new heat exchanger. 
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Using a very small wall thermal resistance (copper tubes), the length of the new heat exchanger is 

L=1.03m and the percentage difference in the volumes of the two heat exchangers is about 70%. 

Table 2 shows also that the length of shell and double concentric-tube heat exchanger is reduced still, 

by increasing the hot oil volumetric flow rate. This length is smaller of about 75% in the case where 

the two heat exchangers work with an industrial oil mass flow rate equal to 30m
3
/h. 

 

5.2.2 Mass of heat exchanger 
The mass of the new heat exchanger falls to about 46% regarding the shell-and-tube heat 

exchanger for the volumetric flow rate 3.6m
3
/h and 6/10mm inside /outside diameter for the inner 

tubes. Table 3 shows the differences in the mass between the two heat exchangers. The results in this 

table were obtained from the thermal design equations for the new and conventional heat exchangers.  

This is earning decreases with the increase of inner tubes diameter and reaches 20 to 30%, and 

increases with increasing the length of heat exchanger and reaches to 89% in case where the two heat 

exchanger work with 30m
3
/h volumetric flow rates of hot oil. 

Fig.5; represents comparison between the masses of the two heat exchangers. The mass of new heat 

exchanger is always lower than the conventional heat exchanger in all volumetric flow rates of hot oil. 

 

5.2.3 Pressure drop in heat exchanger 
Fig. 6 shows the relation between the shell side pressure drop and volumetric flow rate of hot oil 

for new heat exchanger and conventional heat exchanger. The trend of this figure shows that increasing 

the hot oil flow rate causes an increase in its pressure drop component in two heat exchangers, but the 

pressure drop in the shell of the new heat exchanger is almost-still and falls about 85% with regard to 

that of shell-and-tube heat exchanger, as shown in Table 4.  

The results in this table were obtained from the hydraulic design equations for the new and 

conventional heat exchangers.  

 

5.2.4 Total power expenditure 

Fig .7 shows the variation of the total power expenditure with volumetric flow rate of hot oil in the 

new heat exchanger. 

The total power expenditure is negligible in new heat exchanger. The total friction power expenditure 

increases with the mass flow rate of the hot oil. The total power in the heat stream is minimal for the 

inner tube diameter  6/10 mm and do not exceed 0.037W of the heat exchanged by the hot oil mass 

flow rate designed 3.6m
3
/h and reached to 7 W for 20m

3
/h. 

 

6. CONCLUSION 

1- The new heat exchanger is characterized with the heat transfer between three fluids, with its 

compactness and can be widened to the cross flow heat exchangers (simple-flow, parallel-flow 

and counter flow). 

2- Optimizing a shell-and-double concentric tube heat exchanger lengthwise provides a 

considerable amount of savings in space and material when compared with a shell and tube 

heat exchanger with the same outer tube diameter of the double concentric-tubes and the shell 

diameter. 

3- The length and mass of new heat exchanger are strongly dependent upon the diameters of tubes 

especially the inner tubes. 

4- It is demonstrated that the relative diameter sizes of two tubes with respect to each other are the 

most important parameters that influence the new heat exchanger size. 
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5- The pressure drop in shell side of the new heat exchanger is lower than in the conventional heat 

exchanger. 

6- The total power expenditure increases with increasing the flow rate of hot oil and its value in 

the new heat exchanger is very small and considered negligible. 
 

REFERENCES 

 Binay K.Dutta., 2009, Heat Transfer Principles and Applications, published by Asoke K. 

Ghosh, PHI Learning Private Limited.  

 

 Bougriou, C., and Baadache, K., 2010, Shell-and-Double Concentric Tube Heat Exchangers. 

Heat and Mass Transfer, 46. PP.315-322. 

 

 Chapman, A. J., 1984, Heat Transfer, Macmillan Publishing Company, 4th edition.  

 

 Coulson, J. M., and J. F. Richardson, 1998, Chemical Engineering, Vol. 1, Butterworth-

Heinemann, 5th Edition. 

 

 Emad, Y. M., 2005, Heat Transport Through a Corroding Metal Wall of concentric tube Heat 

Exchanger”, Ph.D. Thesis, Chem. Eng.,Al-Nahrain University. 

 

 Garci´a-Valladares, O., 2004, Numerical Simulation of Triple Concentric Tube Heat 

Exchangers,  Privada Xochicalco S/N, Temixco, 62580 Morelos, Mexico, pp 980–991. 

 

 Hewitt, G.F., et al 1994, Process Heat Transfer,CRC Press. 

 

 John, E., Edwrads , 1998, Design and Rating of Shell and Tube Hear Exchanger, 

www.pidesgn.co.uk.pdf.  

 

 Kern, D., 1999, Process Heat Transfer, McGraw Hill. 

 

 Nelson, W.L., 1958, Petroleum Refinery Engineering,  McGraw-Hill, Inc. 

 

 Perry, R.H., and Green, D., 1997, Perry’s Chemical Engineers Handbook, 7th edition McGraw 

Hill. 

 

 Ramesh, K., Shah and Dusan, P., Sekulic, 2003, Fundamentals of Heat Exchanger Design, 

John Wiley & Sons, Inc. 

 

 Ray Sinnot, and Gavin Towler, 2009, Chemical Engineering Design, Butterworth-Heinemann, 

Vol.6, 5th Edition. 

 

 Saunders, E.A.D, 1988, Heat Exchanger Selection, Design and Construction, John Wiley & 

Sons, New York, NY, USA. 

 



Journal of Engineering Volume   21  February  2015 Number 2 
 

 
 

71 

 

 Shlűnder, E., 1989, Heat Exchangers Design Handbook, Published by Hemisphere, New York, 

USA. 

 

NOMENCLATURE 

 
Ac =  cross sectional area of the tube, m

2
 

as  =cross flow area at the shell, m
2
 

B =baffle spacing, m 

Cp =specific heat, J/(kg K) 

D = diameter, m 

De= equivalent diameter on the shell-side, m 

Ds = shell inside diameter, m 

d   = inner tube diameter, m 

dhs = hydraulic diameter of the shell, m 

dh =hydraulic diameter of the annulus, m 

F  =corrective factor 

f   =friction factor 

Gs =shell side mass velocity, kg/ m
2
.s 

h  =heat transfer coefficient, W/ m
2
.K 

k  =thermal conductivity, W/ m K 

U =overall heat transfer coefficient, W/ m
2
.K 

L  =length of tube, m 

M   =mass, kg 

m  =mass flow rate, kg/s 

Nb  =number of baffles 

Nt  =total number of tubes 

Ntp  =number of tubes per pass 

p  =tube pitch, m 

PT  =total power expenditure, W 

Δp  =pressure drop, Pa 

Q  =volumetric flow rate, m
3
/h 

q  =heat transfer rate, W 

R =dimensionless temperature ratio 

S  =dimensionless temperature ratio 

Sa  =exchange surface, m
2
 

T  =temperature, ˚C 

LMTD = log-mean temperature difference, ˚C  

u  =fluid velocity, m/s 

 

GREEK SYMBOLS 

 

                  Thickness, m 

µ                  Dynamic viscosity, Pa s 

ρ                  Density, kg/m
3 
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DIMENSIONLESS NUMBERS 

 

Nu Nusselt number: Nu = h d/k 

Pr Prandtl number: Pr = µ Cp/k 

Re Reynolds number: Re = ρ u d/ µ 

 

SUBSCRIPTS 

 

1           Hot oil (shell side), outer 

2           Water, inner 

3           Hot oil (inner tube) 

12         Shell and annulus 

23       Annulus and inner tube 

s           Shell 
h           Hydraulic 

i            Inlet 

io          Hot oil 

o           Outlet 

st         Shell-and-tube heat exchanger 

sdct     Shell-and-double concentric-tube heat exchanger 

w         wall 

 

 

 

 

 

 

 

 

Table 1. At 110˚C inlet temperature of oil, 80 l/min flow rate of cold water and 20˚C inlet temperature 

of cold water. 

Flow of 

oil inlet 

(l/min) 

Temp 

of oil 

outlet 

(˚C) 

Temp of 

water 

outlet 

(˚C) 

Pi  of oil 

shell 

(kPa) 

Po of oil 

shell 

(kPa) 

Pi oil of 

inner 

tube 

(kPa) 

Po oil of 

inner 

tube 

(kPa) 

Pi water 

Annulus 

(kPa) 

Po water 

Annulus 

(kPa) 

60 59 29 52 50.49 50.3 28.9 83 72 

55 57 28 49.3 48.13 45.5 27.5 83 72 

50 55 27 46 45.11 40.7 26.6 83 72 

45 53 26 42 44.32 36.6 25 83 72 

40 51 26 37.2 36.68 33.1 24.1 83 72 

35 50 25.5 32 31.62 28.25 21.35 83 72 
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30 49 25 26.5 26.21 25.2 19.7 83 72 

25 47 24 21.8 21.59 20.3 16.2 83 72 

20 45 23.5 17 16.83 15.2 12.4 83 72 

 

 

Table 2. Length of heat exchanger values. 

Volumetric flow rate 

(m
3
/h) of hot oil 

Length of new heat 

exchanger (m) 

Length of conventional 

heat exchanger (m) 

2  0.88 1.37 

3.6 1.08 1.76 

4  1.18 1.86 

6  1.33 2.16 

8  1.46 2.43 

10  1.62 2.71 

20  2.12 3.68 

30  2.53 4.47 

40  2.96 5.08 
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Table 3. The masses of the two heat exchangers. 

 

Volumetric 

flow rate   

(m
3 

/h) of 

hot oil  

Length of 

conventional heat 

exchanger (m) 

Mass of 

conventional heat 

exchanger (kg) 

Length of new 

heat exchanger (m) 

Mass of new heat 

exchanger (kg) 

2  1.37 81 0.88 52 

3.6 1.76 93.4 1.08 63.9 

4  1.86 100 1.18 69.8 

6  2.16 128 1.33 78.7 

8  2.43 144 1.46 86 

10  2.71 160 1.62 95 

20  3.68 218 2.12 125 

30  4.47 265 2.53 140 

40  5.08 301 2.96 175 

  

 

 

 
Table 4. The pressure drop in shell side for the two heat exchangers. 

Volumetric flow rate 

(m
3
/h) of hot oil  

Pressure drop in shell 

in new H.E (kPa) 

Pressure drop in shell in 

conventional H.E (kPa) 

2  0.3 1.6 

3.6 1.25 7.2 

4  1.5 9.5 

6  3.2 19.2 

8  6.4 37.2 

10  10.5 61.3 

20  47.5 287 

30  117.3 703 
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Figure 1. Perspective view and longitudinal section of the shell-and-double concentric-tube. 

 
 

 

  
 

Figure 2. The concentric tubes.                      Figure 3. All components of test rig. 
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Figure 4. Length variation of the two heat 

exchangers with volumetric flow rate for 

hot oil.  

 

 

  Figure 6. Variation of the shell side 

pressure drop with volumetric flow rate 

of hot oil for the new and conventional 

heat exchangers. 

 

 

 

 
 

Figure 5. Variation the masses of the two heat 

exchangers with its length. 

 Figure 7. Variation of the total power Expenditure 

with volumetric flow rate of hot oil for 

the new heat exchanger.
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APPENDIX 

SAMPLE OF CALCULATIONS 
 

Conventional Heat Exchanger 
 

The heat exchanger serves for cooling a flow of oil (forty stock) hmQ /6.3 3

1   of CT o

i 1101   to 

CT o

o 601   with water flowing in the tubes of CT o

i 202   to CT o

o 302  .The thermo physical 

properties of t h e  oil for an average  temperature  of  85°C  are  as follows: 3

1 /822 mkg , 

kkgJCp ./21351  , kmWK ./1299.01   and spa.1097.3 4

1

 , Nelson, 1958. 

The thermo physical properties of water for  an average temperature of 25°C are as follows:
3

2 /1000 mkg , kkgJCp ./41802  kmWK ./607.02   and  spa.109.8 4

2

 . Perry, and Green, 

1997. 
The heat exchanger is constituted of a bundle of 16tN  steel tubes of thermal conductivity

kmWKw ./50 , of diameters inside/outside (D2/D1) of 20/25 mm, in the normal triangular pitch 

p = 31.25 mm. 

The heat exchanger has t w o  passes.  The s h e l l  h a s  a  d i a m e t e r  mmDs 203  and    

possesses    baffles    of    thickness mm6           spaced by a distance B = 60 mm. The free 

section left with baffles is of 25%.  
      To determine the tubes length:  

      Mass flow rate m1 of the hot oil is:  
 

  
sKgm /822.0

3600

8226.3
1 


                                                                                                                              (6)                   

 

       The exchanged heat flux is: 
 

  WTTCpmq oi 5.877481111                                                                                                                       (7)             

                                                

Mass flow rate m2 of the water is: 

 

 
sKg

TTCp

q
m

i

/10.2
2022

2 


                                                                                                                         (8)              

 

Volumetric flow rate of water is: 

 

hmQ /56.7 3                                                                                                                                                   (9)
 

 

  For counter flows the logarithmic mean temperature difference from Eq. (3) as:   
                                                               

   
 
 

CLMTD o7.57

2060

30110
ln

206030110









 
 

      The values of temperature ratio are: 
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 
 

5
2030

60110





R

                                                                                                                            (10)                                                         

                       

 
 
 

11.0
20110

2030





S

 
 

  The   corrective  factor   F   of  the   logarithmic  mean temperature difference,  corresponding  

to  the  calculated values of R and S and from, Kern, 1999 is: 
 

98.0F   

 

  The cross sectional area of the tube is, Binay, 2009: 

 

  242
1014.302.0

4

14.3
mAc


                                                                                                                  (11) 

 

The velocity of the water in tubes is:
 

smu /835.0
1014.381000

10.2
42 





                                                                                                                 (12)

 

 

  The calculation of the Reynolds number and the Prandtl number: 
 

18764
109.8

02.0835.01000
Re

42 






 

                                                              and 

13.6
607.0

4180109.8
Pr

4

2 





 
 

       By using the Colburn Equation, the Nusselt number is: 
 

    7.10913.618764023.0
33.08.0

2 Nu
                                                                                                             (14)   

 

 

       The heat transfer coefficient from Equation below is: 
 

kmWh ./4.3329
02.0

607.07.109 2

2 



                                                                                                                        (15)

 

 

   The shell equivalent diameter for triangular pitch is, Ray Sinnot, and Gavin Towler, 2009: 
 

mDe 0176.0
 

 

       The bundle cross flow area is: 
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2

3
0024.0

1025.31

00625.006.0203.0
mas 








                                                                                                        (16) 

 

      The shell side mass flow rate is calculated from Equation as: 
 

smkgGs ./9.347
0024.0

835.0 2
                                                                                                          (17) 

 

       The heat transfer coefficient in shell side is calculated as: 

 

kmWh 2

1 /2.992

                                                                                                                                        (18)

 

 

The overall heat transfer coefficient is, Binay, 2009: 

 

 

kmWU 2/12.874

4.3329

1

02.0

025.0
ln

502

02.0

2.992025.0

02.0

1










                                                                                          (19)

 

                                                                                

 

  The surface area of the heat exchanger is:  
277.1 mA                                                                                                                                                  (20) 

 

  The length of the heat exchanger is calculated: 

 
mL 76.1                                                                                                                                                  (19) 

 

The mass of conventional heat exchanger is, Bougriou, and Baadache, 2010:  
                      

kgM st 4.93                                                                                                                                               (20) 

 

4.2 The New Heat Exchanger 

  The same data of the conventional heat exchanger are used. In this case, one adds concentrically in 

each tube of diameters (D2/D1) of 20/25 mm a tube of diameters (d2/d1) of 6/10 mm. 

 

Inner Tubes Side Calculation 

 

  The inner flow cross sectional area of the inner tubes is calculated as: 
 

  22

3 000028.0006.0
4

14.3
mAc 

                                                                                                                   (22) 

 

      The mass flow rate of oil circulating inside the inner tubes is: 
 

sKgm /822.03                                                                                                                                           (23)
 

  The velocity of oil inside inner tubes is: 
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smu /23.23                                                                                                                                                   (24) 

 

Inner Tubes Side Nusselt Number and Heat Transfer Coefficient 

 

  By using the Colburn Equation, the Nusselt number is, Hewitt, G.F., et al 1994: 

 

    15352.67.27702023.0
33.08.0

3 Nu                                                                                                          (25) 

 

      The heat transfer coefficient is: 
 

kmWh 2

3 /45.3312
006.0

1299.0153





                                                                                                               (26) 

 

Shell Side Calculation 

 

The shell side mass flow rate is calculated from Eq.(17) as: 

 

smkgGs ./25.171
0024.0

411.0 2
 

Shell Side Heat Transfer Coefficient 

 

  The heat transfer coefficient is: 

 

kmWh 2

1 /64.671
0176.0

1299.091





                                                                                                                        (27) 

 

Annulus Side Calculation 

 

  The flow cross sectional area of the annulus passages is calculated from equation below: 

 

     2422

2 1035.201.002.0
4

14.3
mAc


                                                                                                                     (28) 

 

       The velocity of water in annulus flow passages is: 

 

  smu /117.1
81035.21000

10.2
42 





                                                                                                                (29)        

                                                                                              

       The equivalent diameter of the annulus is calculated as, Emad, 2005:  

 

mdh 01.001.002.0                                                                                                                                 (30)     
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Annulus Side Nusselt Number and Heat Transfer Coefficient 

 

  By using the Colburn equation, the Nusselt number is, Chapman, 1984: 

 

    5.7913.612550023.0
33.08.0

2 Nu                                                                                                      (31) 

            

 

  The heat transfer coefficient is: 

kmWh ./65.4825
01.0

607.050.79 2

2 



                                                                                                    (32)                    

 

 

Overall Heat Transfer Coefficient 

 

  Overall heat transfer coefficient (U12) between (the fluid in the shell side and fluid in the annulus 

passage) is calculated as: 
 

kmWU 2

12 /744

65.4825

1

02.0

025.0
ln

502

02.0

64.671025.0

020.0

1










                                                                                                   (33)            

 

 

 

  Overall heat transfer coefficient (U23) between (the fluid in the annulus passage and the fluid in the 

inner tube side) is calculated as: 
 

kmWU 2

23 /2.2222

45.3312

1

006.0

01.0
ln

502

006.0

65.482501.0

006.0

1








          

 

                                                                                                                                                                             (34)   

 Length of the Heat Exchanger   
                                                                    

      The double concentric tubes length in the shell is calculated as: 

 

mL 08.1                                                                                                                                                     (35)                            

                                                           

Inner Tubes Side Pressure Drop Calculation 
 

The inner tube side pressure drop is calculated as, Shlűnder, E., 1989: 
 

 
kPaP 35

2

23.2822
24

006.0

208.1
024.04

2

3 















                                                                                                  (36) 

 

Shell Side Pressure Drop Calculations  

 

The hydraulic diameter of the shell is calculated as, Bougriou, and Baadache, 2010: 
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2

2
3

018.01
025.0

1025.31

14.3

46.3
025.0 mdhs 






















 




                                                                                                     (37)

 

 

        

  The pressure drop is calculated as: 
 

   
kPaP 25.1

018.08222

203.011825.17132.0
2

1 





                                                                                                    (38)
 

 

Annulus Side Pressure Drop Calculation 
 

The annulus side pressure drop is calculated as: 

 
kPaP 9

2

117.11000
24

01.0

208.1
029.04

2

2 













  

                                                                                                                                                                             (39) 

 

The Total Power Expenditure 

 

The total power expenditure of the new heat exchanger is, Garci´a-Valladares, 2004: 
 

WPT 037.0
822

35411.0

1000

910.2

822

25.1411.0











 
                                                                                                                                                                             (40) 

 

The Mass of Heat Exchanger 

  The mass of shell and double concentric tubes heat exchanger is: 
 

kgM sdct 9.63
                                                                                                                                                 (41)
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ABSTRACT 

Today, there are large amounts of geospatial data available on the web such as Google Map 

(GM), OpenStreetMap (OSM), Flickr service, Wikimapia and others. All of these services called 

open source geospatial data. Geospatial data from different sources often has variable accuracy 

due to different data collection methods; therefore data accuracy may not meet the user 

requirement in varying organization. This paper aims to develop a tool to assess the quality of 

GM data by comparing it with formal data such as spatial data from Mayoralty of Baghdad 

(MB). This tool developed by Visual Basic language, and validated on two different study areas 

in Baghdad / Iraq (Al-Karada and Al- Kadhumiyah). The positional accuracy was assessed by 

adopting National Standard for Spatial Data Accuracy (NSSDA). The evaluation procedure also 

involved one and two-sample t-test to analyze and compare the accuracy of two study areas. The 

findings found that the NSSDA accuracy of case study one was 15.48 m, while it was 8.71 m for 

case study two. This indicated that the accuracy of the GM data is different from site to site. The 

results also showed that the difference on mean was 6.16 m, which indicated that there is a 

difference in GM accuracy in different areas. It was concluded that the GM data is inappropriate 

for engineering applications that require high accuracy, but may be appropriate for applications 

that need low accuracy such as the primarily surveying of engineering design projects, tourism 

and reconnaissance….etc. 

Key words: data quality, positional accuracy, VGI, formal data, Google Map Maker. 

 

لبعض التطبيقاث الهنذسيت  Google map    تصميم برنامج لتقييم جودة بياناث

 
مى ليث عبذ الرضال  

 لسى هُذسح انًساحح

 كهُح انهُذسح / خايعح تغذاد

 

 م.د. ميثم مطشر شرقي
 هُذسح انًساححلسى 

 كهُح انهُذسح / خايعح تغذاد

 

 أ.م.د. مؤيذ ياسين احمذ

 لسى هُذسح انًساحح

                               كهُح انهُذسح / خايعح تغذاد

 الخلاصت

          ظهشخ فٍ الأوَح الاخُشج كًُاخ كثُشج يٍ انثُاَاخ اندغشافُح انًكاَُح انًراحح عهً شثكح الإَرشَُد يثم خذيح 

Google Map ,OpenStreetMap ,Yahoo imagery... . وغُشها. فٍ اغهة الأحُاٌ ذطهك ذسًُح(Open Source 

Data) تًسرىَاخ دلح يرثاَُح تسثة اخرلاف  ج  ردح يٍ يصادس يخرهفح عادفُح انًُعهً هزِ انخذياخ. ذكىٌ انثُاَاخ اندغشا

 غشق خًع انثُاَاخ، وهزا تذوسِ لذ لا َهثٍ يرطهثاخ انًسرخذيٍُ نهرطثُماخ انًخرهفح.

 

 

mailto:m.m.m.s.albakri@gmail.com
mailto:luma_laith90@yahoo.com
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لأغشاض  (Google Map (GM)) انثُاَاخ انًُردح يٍ يىالع تشَايح نرمُُى دلح ذصًُى واَراجَهذف هزا انثحث إنً 

يذي لشب أو تعذ  يٍ أخم يماسَح (Visual Basic) نغح انثشيدح تاسرخذاوهزا انثشَايح ذى ذطىَشِ انرطثُماخ انهُذسُح ، 

هزا انثشَايح عهً ثلاثح  َحرىٌ تغذاد. أياَحشسًُح يثم انًصادس انيع ذهك انثُاَاخ انًُردح يٍ  (GM) انًُردح يٍانثُاَاخ 

 انثُاَاخ، انرحهُم والأسرُراج، اخشاج انُرائح عهً شكم ذمشَش. إدخال: سئُسح يشاحم

 GM تُاَاخ فًُا إرا كاَد )انكشادج و انكاظًُح( يٍ أخم انرحمك / تغذادثك هزا انثشَايح عهً يُطمرٍ دساسح فٍ انعشاقغ  

تالاعرًاد  (positional accuracy) نمذ صًى انثشَايح نرمُُى انذلح انًىظىعُح. دساسح يخرهفح ذًرهك دلح يرًاثهح فٍ يُاغك

 نمثىل  threshold valueوتالاعرًاد عهً National Standard for Spatial Data Accuracy (NSSDA) يعُاسعهً 

     يٍ ٌ يدًىعح تُاَاخلأ positional accuracy سَذ ذمُُىث أرا أ  ُصًًد انىاخهح انشئُسح نهثشَايح تح .سفط انُرائح أو

 وحذود انثمح threshold value وغُش سسًٍ( فأٌ انثشَايح َطهة إسرذاعاء انثُاَاخ وَسأل عٍ)يصذس سسًٍ 

(confidence interval) و significance of level (p-value) ٍدلح  انُرائح أٌ أشاسخنمذ  .يٍ أخم انرحهُم الأحصائ

NSSDA نًُطمح انذساسح الأونً كاَدm  14.51،   انثاَُح كاَدتًُُا نًُطمح انذساسح m1..1 .خشائػ هزا َذل عهً أٌ دلح 

GM  ًالإحصائٍالأسهىب  ذطثُكيٍ خلال وأخشي يرثاَُح يٍ يُطمح إن two-sample t-test  انذلح  انفشق فٍ إٌوخذ

غُش  GM ذى الأسرُراج إنً اٌ دلح خشائػويٍ خلال رنك ،  m 6.16 َساوٌ الأونًنًُطمح انذساسح انثاَُح عٍ يُطمح انذساسح 

و انًماَُس انكثُشج وكزنك  صغُشجان انًساحاخ نهرطثُماخ راخ ًَكٍ أٌ ذسرخذو لذ ونكٍ يلإئًح نهرطثُماخ انهُذسُح عانُح انذلح

يىظعُح ذرشاوذ  لذ ذحراج دلح وانرٍ رصًُىانلثم عًهُح  اوانرٍ عادج يا َرى ذحذَذه انًىالع الأونُح نًساساخ انطشق ذحذَذ

                 والاسرطلاع ....وغُشها. انسُاحح لأغشاض أَعا . كًا ًَكٍ اسرخذايها m4- 40 ياتٍُ
 

1. INTRODUCTION 

Recent development of geospatial data collection technologies and the growth of the 

World Wide Web (WWW) (e.g. web 2.0) for different applications have led to a massive 

increase in the amount of geospatial data on the Internet, Cartwright, 2008. The evolution of the 

Web 2.0 service enables users to produce and share, download, embed and add information from 

different online data sources. In literature, different definitions have been suggested to describe 

data on web. For instance, One of the first people to define geospatial data on web was 

Goodchild, 2007, who proposed Volunteered Geographic Information (VGI) to identify spatial 

data which is collected  and distributed on  Internet. Turner, 2006, defined this technology as 

‘Neogeography’ which consists of a set of techniques and tools that fall outside the realm of 

traditional Geographic Information Systems GIS. The term ‘Neogeography’ was also used by 

Flanagin and Metzger, 2008, to refer to non-traditional GIS techniques that produce geography 

data without geographers. Howe, 2006, used the term ‘crowdsourcing’ to define geospatial data 

on web. Although crowdsourcing not specifically referring to geographical data.  This definition 

is close to those of  Antoniou, et al., 2010, used the term ‘User-Generated Content’ (UGC) to 

refer to various types of media content which are publicly produced available on web. The 

general idea of different descriptions of data on Internet was on how to use the Internet to create, 

share, and analyze geographic information via multiple computing devices/platforms (traditional 

desktops, iPads, or smart phones), Haklay, et al., 2008. 

Today there are a wide range of geospatial data sources available on the Internet such as the 

Google Map service, the OpenStreetMap (OSM) project, the Flickr service, the interactive 

Wikimapia website, Yahoo imagery and others. Web mapping have continuously evolved with 

the time and all of these services have been called Collaborative Maps. All of this new 

information is open source geospatial data; therefore it is a legitimate topic for accuracy 

assessment. Accuracy assessment is a problem for information in general and geographical 

information in particular. Hence, it becomes a major issue with increased available data on the 

web. In this research Google Map data has been chosen in order to evaluate its positional 

accuracy for engineering applications. Different techniques and procedures were followed and 

applied to evaluate GM quality as will be illustrated in the following sections. 
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2. PREVIOUS RESEARCH ON VGI DATA QUALITY ASSESSMENT 

In order to assess the quality of open source data to determine the appropriate usage for 

such geographical Information System (GIS) processing, it is necessary to identify different 

elements of spatial data quality, Delavar, and Devillers, 2010. These elements include: 

positional accuracy, attribute accuracy, temporal accuracy, logical consistency and completeness. 

In addition, there are other three elements of non-quantitative quality: purpose, usage, and 

lineage, as shown in Fig 1. Recently, with increasing geospatial data on the Internet, several 

researches have shown an increased interest in assessing the quality of open source data. For 

example, Haklay, 2010, examined positional and completeness accuracy of VGI data by 

comparing OSM data with Ordnance Survey (OS) reference dataset  in London /UK. The 

buffering technique was adopted to assess the positional accuracy and the results indicated that 

there is a slight difference between OSM and OS datasets, while the completeness analysis 

indicated that there are omission and commission in OSM dataset.  

Ather, 2009, assessed positional accuracy of OSM data. The analysis was performed by 

comparing the motorways data of OSM project with those formal OS Master Map Integrated 

Transport Network (ITN) layer. The methodology was essentially based on buffer analysis 

datasets. The results of this study found that the positional accuracy of OSM data is close to OS 

Master Map dataset. Further quality tests were also conducted in terms of the number of users 

per area and road name attribute completeness. Also it showed a positive correlation between 

road name attribute completeness and number of users per area. Another study on VGI data 

quality assessment was carried out by Kounadi, 2009, evaluated OSM data in Athens, Greece. 

The quality analysis was achieved on positional accuracy, the completeness and thematic 

accuracy of OSM road Network. The OSM data was compared with the Hellenic Military 

Geographical Service (HMGS) data which is the official cartographic service in Greece. The 

results found that the positional accuracy of OSM data is accepted when compared to HMGS 

data. 

Analysis of VGI data quality was also achieved by Ciepłuch, et al., 2010. The comparison was 

among data from GM, OSM, and Bing Maps (BM) in Ireland. Towns were chosen for these 

comparisons for five case studies. The accuracy was evaluated under three main headings: 

completeness, currency of the spatial information and ground-truth positional accuracy. The 

results found that the OSM project has shown many positive and negative characteristics in 

terms of providing a comprehensive mapping resource in Ireland. On the other hand, deduces 

that the OSM and GM projects provide the update and current road configuration, Unlike BM 

which estimate the data in more than one year old. In another major study, Zielstra, and Zipf, 

2010, investigated the completeness of OSM data in Germany by comparing it with the 

TeleAtlas data. This work extended the studies from England by Haklay, 2010 and Ather, 2009. 

The results showed that the geospatial data has been continues growth to freely available 

compared to open source spatial data in the past few years. Furthermore, the results indicated 

that there is still a very strong heterogeneity of OSM data in a terms of completeness .The tests 

showed that the larger cities is more complete than the medium –sized cities which can be 

indicate that the people of large cities is more interested on VGI. 

Hochmair, and Zielstra, 2012, used other examples of open source data which facilitate the 

sharing of VGI in form of geotagged images. This measurement was conducted of 211 Flicker 

and Panoramio images distributed throughout six urban areas in Germany by comparing the 

geotagged position of photos to the position from where the photos were most likely taken. The 

results revealed that the Flickr provided less accurate position information than Panoramio 

image. In a study which set out to determine VGI data quality, Jackson, et al., 2013, tested VGI 

quality in North America. The focus was on completeness and spatial error of linear feature such 
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as roads and walkways and point features. They used three data sources: Federal government 

Oak Ridge National Laboratory (ORNL) as a reference data source, OSM data, and Open Street 

Map Collaborative Project (OSMCP) which is product of Unite State Geological Survey 

(USGS). The finding showed that the automated matching methods of OSMCP data with 

reference data source were more accurate than OSM data with ORNL datasets. While manual 

matching of OSM data with ORNL datasets were more accurate than OSMCP data with ORNL 

datasets .The main reason for that is due to the collection methods. The OSM data do not include 

the quality control processes, unlike the collection methods for OSMCP undergoes to 

government control. 

Most of these researches focused on assessing the quality of OSM project. Therefore, the current 

study has chosen Google Map data, as another source for open data on a web, to study and 

analyze its quality such as positional accuracy measurement. 

 

3. THE PROPERTIES OF GOOGLE MAP DATA 

Google Map (GM) is a project designed to create and provide spatial data on Internet for 

free (non-commercial usage). It includes many map-based services such as the Google maps 

website, Google Transit (GT), Google Ride Finder (GRF), and maps embedded of the three 

websites types via the Google Maps API, Books, and Wikipedia, 2010. For some countries 

around the world, online spatial data is unavailable therefore Google has decided to open up 

Google Maps data through Google Map Maker (GMM) service. Google Map Maker is a Google 

Maps service that allows user to add or edit features, such as (roads, Points of Interest (also 

called POIs such as restaurants, banks, hotels, etc.) and polygons). Google Map Maker is a 

service launched by Google in June 2008, as a way to support the improvement of existing 

Google map data through the expert knowledge of local citizens. It's also a proprietary project; 

the GMM data can be downloaded for only 216 countries, Google Map Maker, 2013, as 

presented in Fig. 2. 

When seeing the dynamic nature of Google Maps, one might think there is something magical 

going on under of dynamic nature. However, there’s really nothing magical about it, it's just 

Hyper Text Markup Language (HTML), Cascading Style Sheets (CSS), and JavaScript working 

together. Google Maps presented new concept in sense of content and interactivity, which is 

beginning in 2005. The concept is based on the AJAX (asynchronous JavaScript and XML) 

which implies possibility of adding additional information on map by using a free access of 

programming code called Application Programming Interface (API), Svennerberg, and 

Drimmie, 2010. An API is a set of programming instructions and standards for accessing a Web-

based software application or Web tool. API is available for use by programmers in form of 

coding in some of scripting programming languages, such as PHP, ASP.NET, or ColdFusion. 

The API sends information about the new coordinates and zoom levels of the map in Ajax calls 

that return new images, Garrett, 2005. Google Map helps people to navigate map information. 

The GM interface is simple, intuitive, and easy to use. It consists of several user controls for 

managing or monitoring the map, such as zoom control, scale, and gets point–to–point driving 

directions, Kanduri, 2012. 

Google Map data depends on Universal Transfer Marketer Projection (UTM). When the earth is 

perfectly spherical, the projection would be the same as the Mercator. Google Maps uses the 

formula for the spherical Mercator, but cannot show the poles. Unlike Google Earth (GE) 

coordinates system have 3D, the GM coordinates system have only 2D, Books, and Wikipedia, 

2010. The coordinates system used in GM is the Word Geodetic System 84 (WGS84), which is 

the same system of the Global Positioning System (GPS).The coordinates are expressed using 

latitude and longitude. Gibson, and Erle, 2006 mentioned that the property of Mercator 
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Projection (MP) of GM. It treats all lines of latitude as being perpendicular to all lines of 

longitude, and the MP conserves angles across local areas on the map, which is making it 

suitable for guiding navigation. Indeed this is one major reason of the Mercator projection 

continues to be used after 300 year, on the despite its tendency to distort the areas around the 

poles. 

 

4. SITES OF THE STUDY 

In this study two different study areas were chosen located in Al-Karada-Baghdad/Iraq 

and Al- Kadhumiyah-Baghdad/Iraq, as shown in Fig. 3 (a and b). The main reason for this 

choice was to compare the positional accuracy of GM data in two different areas. In order to 

assess the positional accuracy, the preparation of the datasets was included selecting a well-

defined points in tested datasets such as road intersection, building corners...etc. The selected 

points have the same coordinate systems and same projections in both tested and reference 

datasets. The number of tested points and area of two case studies are shown in Table 1. 

Geospatial dataset for two study areas were obtained from Mayoralty of Baghdad (MB), 

department of Geographic Information System (GIS) and Google Map (GM). The dataset were 

shapefiles and included several layers such as parcels, main road networks, street road networks, 

municipality boundaries, private and public buildings. The points were extracted for the edge of 

parcels and centerlines of the roads which provided into two datasets as can be seen from Table 

1. 

 

5. STATISTICAL METHOD FOR EVALUATING POSITIONAL DISCRIPENCY 

One of the major concerns of geospatial data is accuracy. Positional accuracy of data may be far 

more important from other elements of quality to give users the position correctly. Accuracy can 

be grouped into two main categories: qualitative and quantitative. Also positional accuracy can 

be divided into two types: horizontal and vertical accuracy of a map or geospatial datasets,  

Congalton, and Green, 2009. Many organizations have established standards in a variety of 

ways as national or international standards. It can be used for the positional accuracy assessment, 

Taupier, et al., 1999. Most standards were designed in order to describe GIS data quality. The 

Spatial Data Transfer Standard (SDTS) from the American National Standards Institute (ANSI), 

for example, was approved in 1998 and considered five aspects of Geographic Information (GI) 

quality: lineage, positional accuracy, attribute accuracy, logical consistency and completeness. 

National Map Accuracy Standards (NMAS) was revised in 1947 in order to set standards of 

planimetric accuracy for paper maps, Accuracy Standards of Large Scale Maps, the Engineering 

Map Accuracy Standard (EMAS), Congalton, and Green, 2009. These standards were helpful 

but not specifically designed for digital geospatial data.  Therefore, a more comprehensive 

standard was needed, due to the fact that geospatial data can be easily manipulated formats 

output, and reproduced at varying scales. In 1998, a committee of the Federal Geographic Data 

Committee (FGDC) developed and formed the National Standard for Spatial Data Accuracy 

(NSSDA). This standard enabled users to test and analyze positional accuracy of digital datasets, 

with respect to ground geospatial data of higher accuracy. 

The NSSDA presents guidelines for the distribution of tested points. It assumed that the area to 

be evaluated is a rectangle. The tested area is divided into four quadrants and a diagonal is to be 

established across the area. Tested points should be spaced at interval of at least 10 percent of the 

diagonal. At least 20 percent of tested points are to be located in each quadrant. In addition, the 

minimum number of tested points should be no less than 20 well-defined points in order to 

evaluate the accuracy of the datasets. The NSSDA is index of relative horizontal accuracy which 

is tested at the 95% confidence interval, and it can be calculated as shown in Eqs. (1) and (2): 
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                  : The number of tested points, 

              : The coordinates of formal dataset, 

               : The coordinates of tested dataset, and  

       
 
  : The differences in easting and northing for    check points, between formal and 

tested datasets. 

 

The NSSDN accuracy can be computed for two cases as shown in Eqs. (3) and (4): 

 

If              , then   
 

      √ (     )  √ (     )  ,                                                              (3) 

 

If              , then   

 

                          (             )                                                        (4) 

 

In this research, tests were undertaken applying the NSSDA methodology to examine and 

analyze the relative positional discrepancies of tested points in both study areas.  FigS. 4 and 5 

show the distribution of tested points according to NSSDA methods. 

 

6. PROGRAM DESIGN FOR IMPLEMENTING RESEARCH METHODOLOGY 

A visual tool interface or graphical user interface (GUI), by using Visual Basic 

Language, was implemented and designed to assess the quality of Google Map (GM) data. The 

intention was to create a user-friendly interface incorporating quantitative and visual analysis of 

GM dataset. The workflow of the designed program is illustrated in Fig. 6. By using designed 

interface, there are three main steps to determine and analyze positional accuracy, as shown in 

Fig. 7. First, data can be imported as a text file (.txt) for the coordinates of tested points. Second, 

the comparison and analysis of tested datasets will start by applying the methodology of this 

research. Third, output results (graphs and quantities values) can be exported and saved as a 

report. 

After loading coordinates data, one can select positional accuracy assessment option from the 

main program interface. A window will appear to assess the positional accuracy of case study 

one, as illustrated in Fig. 8. This window has many options: Back, Run, Next, Export output, and 

Diagrams. These options can be used based on the needs of users. From Fig. 8, one can notice 

that the positional descriptive statistics are reported numerically, also box plot to represent t- 

distribution of different in easting, northing, and Euclidian distance of tested points. In addition, 

remarks to accept or reject the outcomes of case study one.  Similarly, Fig. 9 shows interface for 

evaluating the positional accuracy of case study two. 

In this research, two-sample t-test was also adopted to compare the mean of the accuracy of GM 

data in two sites, as presented in Fig. 10. 
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7. POSITIONAL ERROR CHARACTERIZATION  
The examination of positional error was conducted in a number of ways to determine the 

quality of Google Map (GM) data. Firstly, basic descriptive statistics were determined including 

mean, median, minimum, maximum, standard deviation, variance, and inter-quartile range. 

Secondly, statistical significance was analyzed using one-sample t-tests to investigate the 

relationship between GM data and Mayoralty of Baghdad (MB) data. In addition, a comparison 

between the two study areas was undertaken by applying two-sample t-test. Thirdly, boxes plot 

were created to interpret the outcomes. 

Table 2 provides a comparison of the descriptive statistics of the differences in Easting and 

Northing (E, N) of case study one (Al-Karada-Baghdad). The mean errors of the sample were 

(1.016.-9.851) of differences in (E, N) respectively. The median errors were (0.888,-10.866) of 

differences in (E, N) respectively. Form the table below, one can also see that the median value 

are smaller than the mean values which indicates that the distribution of differences of E could 

be normal .The standard deviation values were (2.033, 3.256) of differences in (E, N) 

respectively. A low standard deviation indicates that the tested points tend to be very close to the 

mean; while a high standard deviation indicates that the tested points are spread out over a large 

range of values. The mean and standard deviation are very important parameters for distribution 

of measurement values for normal distribution. In this research, the mean and standard deviation 

values are almost close to each other and which indicates that they are subject to be normal 

distributed. Similar observations can be made for the tested data of case study two (Kadhumiyah- 

Baghdad), as shown in Table 3. 

As mentioned earlier, one-sample t-test was also applied to calculate the error values between 

reference and tested datasets. In one-sample t-test, the null hypothesis should be stated 

as(        ): where    is the mean of the first dataset (case study one), and    is the mean 

of the second dataset (case study two).  On the other hand, the alternative hypothesis should be 

stated as(        ).  For this project there are two values to accept or reject the null 

hypothesis: t-critical and p-value. the null hypothesis(H₀) assumed to be a smaller or equal to 0.6 

depending on the accuracy of MB, While the alternative hypothesis(H₁) suggested to be greater 

than 0.6.  The critical value usually obtains from the t- distribution. If the t-value falls within the 

non-rejection region, the null hypothesis at 95% CI cannot be rejected. It should reject the 

alternative hypothesis when t-value falls into the area of the rejection region. Whereas, P-value 

referred to significance level, it is used as a standard for accepted and rejected the null 

hypothesis, Black, 2011. For this study, 95% CI was applied according to NSSDA approach 

whereas P-value was 0.05. The findings in Table 4 showed that the t-value was 24.307, t- critical 

was 1.960, and p-value was 0.000 which referred to that the t-value is larger than the t- critical, 

and the p-value is less than the  (0.05). This has sufficient evidence to reject the null hypothesis 

and accept the alternative hypothesis. The two-sample two-test found that the mean of the case 

study one (Al-Karada-Baghdad) was 10.190 m, while the mean value of the case study two (Al- 

Kadhumiyah-Baghdad) was 4.015m. This proves that there is a difference in the average 

deviation of the accuracy of the Google Map (GM) data in different study areas which was 6.175 

m. Also, other statistical analysis, such as RMSE and NSSDA accuracy, showed that case study 

two have different values of case study one, as demonstrated in Table 4. 

The results showed the accepted the alternative hypothesis and should be reject the Null 

hypothesis into both study areas based on the t-critical and p-value. This indicates that the data 

GM data cannot be appropriate for the purposes of engineering applications. 
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8. DISCUSSION AND CONCLUSION  

 A methodology has been developed to evaluate the positional accuracy of Google Map 

(GM) data. Tests were conducted using the National Standard for Spatial Data Accuracy 

(NSSDA) to assess the relative positional accuracy of tested dataset. Then, the RMSE values 

were calculated, yielding comparative measures of positional discrepancy. The linear 

displacement (magnitude of error) of each point was determined by measuring the Euclidean 

Distance (ED) between the points of reference and tested datasets. The descriptive statistics such 

as mean, median, standard devotion, maximum, minimum, variance, and interquartile range for 

the differences in Easting and Northing were computed.  A tool was designed using Visual Basic 

program to represent and analyze the results of positional accuracy. The code of this program 

contents three parts: input data, analysis, and output results. Two interfaces were designed for 

assessing positional accuracy of two study areas in order to reduce time and efforts for 

comparing the mean value of two-sample t-test. 

The results of this analysis showed that the informal (GM) data does not match the formal 

datasets (MB) in any of the case study areas. The NSSDA accuracy at 95% Confidence Interval 

(CI) of the first case study (Al-Karada-Baghdad) was equal to 15.48 m for 260 tested points. 

While in second case study (Al- Kadhumiyah-Baghdad) was equal to 8.71 m for 300 tested 

points.  This refers to that 95% of tested points have an error with respect to formal data 

(Mayoralty of Baghdad (MB)) equal to or smaller than 15.48 m, 8.71; whereas 5% of tested 

points have an error larger than 15.48, 8.71 m. In general, therefore, it seems that the easting of 

GM data is more accurate than the northing of GM data when compared with formal dataset 

(MB). 

The results of one-sample t-test indicated that the accuracy of GM data larger than the threshold 

value (0.6 m) which indicated that the GM data is not suitable for accurate Engineering 

applications. The findings of two-sample t-test revealed that the case study two was more 

accurate than case study one.  The difference of mean between two study areas was 6.18 m. This 

provides strong indication that the accuracy of GM data does not equal over different area. It 

concluded that the GM data can be used for engineering applications that need low accuracy 

such as the preliminary surveying of projects design, tourism, and reconnaissance. 
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NOMENCLATURE 

 

  = the number of tested points, dimensionless. 

 

      = the coordinates of formal dataset, m. 

 

       = the coordinates of tested dataset, m. 

 

      = root Mean Square Error in Easting, m. 

 

      = root Mean Square Error in Northing, m. 

 

RMSE = total Root Mean Square Error, m. 

 

       
 
  = the differences in easting and northing for    check points, between formal and 

tested datasets, m. 

Table 1. Study areas and their properties. 

Data sets Upper left corner Lower left corner Number of 

tested points 

Area (km
2

) 

Easting (m) Northing (m) Easting (m) Northing (m) 

Study Area (1) 441998.350 3682841.827 449162.768 3683916.910 260 9.824 

Study Area (2) 436255.880 3694110.799 439454.114 3688523.522 300 15.054 

 

 

Table 2. Statistics computed from differences in Easting and Northing of case study one. 

Statistics Diff .in easting (m) Diff .in northing (m) 

Mean 1.016 -9.851 

Median 0.888 -10.866 

Standard deviation 2.033 3.256 

Maximum 6.842 5.854 

Minimum -4.565 -13.839 

Variance 4.131 10.605 

IQR 2.379 3.107 
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Table 3. Statistics computed from differences in Easting and Northing of case study two. 

Statistics Diff .in easting (m) Diff .in northing (m) 

Mean -0.116 -1.794 

Median -0.031 -0.447 

Standard deviation 2.403 9.309 

Maximum 6.322 6.669 

Minimum -6.676 -13.940 

Variance 5.777 86.659 

IQR 2.798 3.781 

 

Table 4. Comparison of Root Mean Square Error (RMSE), National Standard for Spatial Data 

Accuracy (NSSDA), and t-distribution positional discrepancies for compared datasets. 

Case study RMSE (m) NSSDA(m) t- value t-critical p-value 

Al-Karada_ Baghdad 10.621 15.479 51.577 1.960 0.000 

Al-Kadhumiyah_ Bagdad 5.428 8.713 16.192 1.960 0.000 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Data quality elements and sub-elements. 
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Figure 2.  Google Maps Maker data availability. 

(http://www.google.com/mapmaker/mapfiles/s/launched.html). 

 

 

(a) Formal data Karada (case study one).             (b) Formal data Kadhumiyah (case study two). 

Figure 3. Formal data (source: Mayoralty of Baghdad (MB)). 

http://www.google.com/mapmaker/mapfiles/s/launched.html
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Figure 4. The distribution of tested points (case study one). 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 5. The distribution of tested points (case study two). 
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Figure 6. The workflow of the designed program. 
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Figure 7. The main interface of the developed program. 

 

 

Figure 8. Interface for positional accuracy analysis (case study one). 
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 Figure9. Interface for positional accuracy analysis (case study two). 
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Figure 10. Interface for comparing the accuracy of GM in two different study areas. 
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GNSS Baseline Configuration Based on First Order Design 

     

              

                            

 

             

 

  

 

ABSTRACT 

The quality of Global Navigation Satellite Systems (GNSS) networks are considerably 

influenced by the configuration of the observed baselines. Where, this study aims to find an optimal 

configuration for GNSS baselines in terms of the number and distribution  of baselines to improve 

the quality criteria of the GNSS networks. First order design problem (FOD) was applied in this 

research to optimize GNSS network baselines configuration, and based on sequential adjustment 

method to solve its objective functions.  

FOD for optimum precision (FOD-p) was the proposed model which based on the design criteria 

of A-optimality and E-optimality. These design criteria were selected as objective functions of 

precision, which lead to a homogenous and anisotropic network, respectively  using Matlab 

programming language (V. 2012a). Al Ghammas Township, Al-Qadisiya city, which consists of 

twenty-five stations was taken as a study area in this research.  

The results showed that there are 300 potential baselines for the GNSS network of the study 

area, which were reduced during the optimum configuration to about 70% of the total potential 

baselines by applying FOD-p, and there is high level of improvement in the objective functions of 

precision which  reached to about 90% . 

Key Words: configuration baselines, FOD, GNSS network, A-optimality, E-optimality 

 

 اعتمادا على مسألة التصميم من الرتبة الاولى GNSSتشكيل خط اساش الـ 

 

  
 
 

 

 الخلاصة

. زٛث ٛم خطٕط الاساس انًشصٕدجتتشك  ( تشكم كثٛش GNSS)زٛح انًلا نهتٕاتغانؼانًٛح  شثكاخ الاَظًحخٕدج تتأثش 
شثكاخ انـ  خٕدج يؼاٚٛش نتسسٍٛ ٔتٕصٚؼٓا ػذدْا زٛث يٍ GNSSاساس انـ  نخطٕط الأيثم انتشكٛم انٗ اٚدادتٓذف   ْزِ انذساسح

GNSS .ٗأسهٕب انتصًٛى يٍ انًشتثح الأن ( ِٔيختصشFODّتى تطثٛق )  ٙتشكٛم نخطٕط  نهسصٕل ػهٗ افضم انثسث ْزا ف

 ٔاػتًادا ػهٗ اسهٕب انتصسٛر انًتؼاقة نسم دٔال اْذافٓا. GNSS الاساس انـ
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FOD ٗنهذقح انًثه (FOD-p )انتصًٛى كم يٍ  يؼٛاس٘ ػهٗ اػتًذانز٘  انًقتشذ ْٕ انًُٕرجA-optimality   ٔE-

optimality ٌاستخذاوتٔتٕزٛذ خٕاص انشثكح ػهٗ انتٕانٙ  كذٔال ْذف نهذقح ٔانتٙ تؤد٘ انٗ تداَس تى اختٛاسًْا. ْزج انًؼٛاسا 

يسطح تى اػتثاسْا كًُطقح دساسح  52. زٛث تهذج انغًاس، يذُٚح انقادسٛح ٔانتٙ تتانف يٍ MATLAB (V.2012a) نغح انثشيدح

  .فٙ ْزا انثسث انًقتشذ نتطثٛق انًُٕرج

يٍ  ٪03 نسٕانٙ تخفٛضٓا ٔانز٘ تى نًُطقح انذساسح GNSSنشثكح ال  خظ اساس يستًم 033 ُْاكأضٓشخ انُتائح 

 %. 03تسسٍ دٔال انٓذف نهذقح تصم انٗ زٕانٙ ن ػانٙ يستُٕٖاك ْٔاٌ  FOD-pانـ  يٕدٚم يٍ خلال تطثٛق انًدًٕع انكهٙ

 

1. INTRODUCTION 
Global Navigation Satellite System networks (G-net), referred as hereafter as applied for 

different kinds of surveys, such as topographic surveys, construction surveys and deformation and 

long-term monitoring surveys. 

Furthermore, a geodetic network is defined as being any geometric configuration of three or more 

terrestrial survey points that are connected either by geodetic traditional observations made among 

them, such as directions and distance, and/or by astronomical measurements or space techniques: for 

instance, the global navigation satellite system(GNSS), Andreea,  2011.  

Optimal design of a geodetic network is an important subject in many geodetic applications 

particularly, those which necessitates high level of precision consistency and homogeneity. The 

quality of a geodetic network, which sometimes referred to design criteria is characterized by its 

precision, reliability, and cost, Amiri, 2004. The precision of GNSS network can be expressed by 

the covariance matrix of the parameters (unknown coordinates). The optimization problems of 

geodetic networks are classified into zero order design problem (ZOD), first order design problem 

(FOD), second order design problem (SOD), and Third order design problem (THOD). As far as, the 

ZOD is defined as a search for an optimal datum, whereas the FOD is defined as the determination 

of an optimal configuration for the network. Regarding the SOD is defined as weight problem, and 

finally, the THOD is the optimal improvement of an existing network, Grafarend, et al., 1985. 

In this research, optimization of a GNSS network is investigated based on selecting baseline 

vectors, which have maximum effect on design criteria, from all the probable baseline vectors that 

can be measured in a GNSS network. This configuration of baseline vectors, in terms of their 

number and their distribution between stations, is applied based on first order design Curran,  2008.  

 

2. PREPARATIONS FOR G-NET DESIGN   

There are various types of sources which are providing the approximate positions for the 

network stations, such as, aerial and satellite images, topographic maps, open sources like Google 

Earth and Google map, and GPS navigator. For designing the conventional geodetic networks, the 

visibility and the distances between the (adjacent) stations represent the most important factors in 

the designing stage. On the contrary, there is no need for station visibilities for GNSS networks. 

While, the baselines lengths represents one of the obstacles in the design of the G-net due to the 

reason that the baseline's precision depends on the configuration of the GNSS satellite constellation 

Zilkoski, and Hothem, 1989.  

The field reconnaissance has to be carried out firstly for the purpose of optimum selection for G-net 

stations sites. This requires careful survey of the surrounding areas to the stations sites, e.g. avoiding 

reflective objects and surfaces which cause multipath of signals. Additionally, avoid buildings, 

bridges, structures, mountains, trees, etc. to prevent the cycle-slip which cause obstructions of the 
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satellite signal. For further information about the design specifications for network stations sites, the 

reader can refer to Boal, 1992. 

After the design of the G-net stations sites is accomplished, certain specifications for field crews can 

be written. These specifications should include the method of observation that agrees with the 

requirements of the accuracy, number of GNSS receivers, maximum baseline length, and other 

items. When approximate station coordinates are determined, a stochastic model for the 

observational system can be estimated for the baseline vectors, which be calculated by differencing 

the approximate coordinates for adjacent stations, Groten, et al., 1988. 

 

2.1 Baselines (Vectors) 
After fixing the positions of G-net stations in design stage, the designer must determine the 

minimum number and maximum number of potential baselines before selecting the optimal baseline 

configuration. Where, the minimum number of baselines depends on the minimum number of 

sessions. The latter is defined as a period of time, which two or more receivers are simultaneously 

recording satellite signal, Seeber, 2003. Simple mathematical relationships is considered in this 

research to fix both of the number of sessions and the number of baselines based on both of the 

number of stations of G-net and the number of available GNSS receivers, Dare, and Saleh, 2000. 

The minimum number of the sessions, which is referred to by "se", is calculated as follow: 

 

                                                                                                                                  (1) 

 

where: 

   stands for the number of available GNSS receivers,  

   represents the number of stations, and 

  is the number of common stations between two sessions.  

The number of minimum baselines, which is referred to by "    " is calculated as follow: 

 

                                                                                                                                 (2) 

 

While, the maximum number of baselines, which is referred to by "    " is calculated as follow: 

 

                                                                                                           (3) 

2.2 Redundancy 

To distinguish and isolate outliers and systematic errors from the G-net in general, the 

observations designed with sufficient redundancy. The redundancy of G-net is carried out by 

connecting each station with at least two independent baselines, Teunissen, and Kleusberg, 1998. 

The adequacy of redundancy must be taken into account by the designer when configuring 

baselines, Burfield, 2012.  

 

3. A PRIORI LEAST SQUARES ADJUSTMENT OF GEODETIC NETWORKS 

A pre-analysis of the network is an a priori adjustment of a network. It enables a surveyor to 

design the network before performing any actual observations in the field, whether the possibility 

exists that the quality specifications needed by the customer can be met.  The combination of a 
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stochastic and a functional model of the network are applied to estimate prior quality quantities, see 

Fig.1. These quantities are independent of the values of the actual observations and depend on the 

location of the stations, the observation scheme (the geometrical connections in the network), and on 

a priori assumptions about the expected precision of the observations. The latter is usually 

determined and claimed by the manufactures of the instruments, or can be estimated according to 

previous observations under similar conditions, Koch, 1977 and Staudinger, 1999. 

The means of a stochastic model is defined as the random effects of the observations, which include 

the determination of variances and covariance and subsequently the weights of the observations 

during the least squares adjustment. The variance is a parameter which measures the spread of the 

probability density of a random variable, whereas the statistic relationship between two random 

variables is described by the covariance, Krakiwsky, 1999. 

 

3.1 Least Squares Adjustment of G-net 

As noted earlier, because of the G-net contains redundant observations which they must be 

adjusted to make all coordinate differences consistent. By applying least square adjustment to the 

problem of adjusting baselines in G-net networks, observation equations are written in a way to 

relate station coordinates to the observed coordinate differences and their residual errors. Coefficient 

matrix of G-net observation equation is similar to that in differential leveling .Fig. 2 illustrates this 

procedure, Ghilani, and  Wolf, 2007. 

Observation equation for baseline IJ: 

 

                                                                                                                                       (4) 

 

                                                                                                                                         (5)            

                                                                                                                                       (6) 

 

4. ELLIPSOID OF ERROR 

The ellipsoid of error can be computed based on eigenvalues and eigenvectors. In the case of 

three-dimensional matrix, the solution is carried out based on solving an equation of the third order 

which in turn leads to produce three eigenvalues  λ
 
 λ

 
 λ

 
. To explain how this procedure can be 

achieved, the variance matrix for one point will be explained as follows, AL-Joboori, 2010 and  

Junhuan, 2005.  

 

     [

  
        

     
    

        
 

]                                                                                                          (7) 

 

Then the eigenvalues can be use in formula of          λ    , and this yields: 
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|                                                                                                     (8) 

 

 

After finding the eigenvalues, the three axes of ellipsoid are computed, and then the orientation 

angles are computed based on the computation of eigenvector           as follow:  

[

  

  

  

]  [

      
   λ    

   λ         
 

               
   λ 

   
   λ              

]                                                                                          (9) 

 

Finally, the orientation angles of each axis in ellipsoid are computed as follow:  

 

 λ                                                                                                                                     (10)

        

 λ               √                                                                                                             (11)  

  

Where  λ and  λ refer to the horizontal and vertical rotations consecutively as shown in Fig. 3.        

 
5. AREA OF STUDY 

Network of Al Ghammas Township, Al-Qadisiya city, was chosen as the  area of study to design 

the G-net. The dimensions of this network are around 5 km in North-South direction and 4 km in the 

East-West direction, and the network consists of 25 stations as shown in Fig.4. The initial geocentric 

coordinates (X Y Z) WGS84 of the G-net stations are listed in Table 1. Fig.4 shows that the locations 

of twenty-five G-net stations for the area of study were distributed irregularly and this yielded 

irregular geometric shapes. 

 

6. FOD FOR OPTIMUM PRECISION (FOD-p) 

In the application of FOD-p, it was aimed to constitute a homogeneous and isotropic network. 

For that reason, an A-optimality solution (                 ) that leads to a homogeneous 

network and an E-optimality solution (         ) that leads to an isotropic network were 

selected as objective functions. Through FOD-p code application in this research, the initial scheme 

of G-net observations was determined firstly, and then the axes of ellipsoid errors and the resultant 

of axes of ellipsoid, which defined as helmert errors (HPE), were computed. HPE was used to 

distinguish between stations which have maximum level of error than the stations which have 

minimum level of error. The objective functions were improved (minimize) by adding new baselines 

which have maximum effect on both objective functions. In FOD-p code of this research, the 

baseline that connects between two stations of maximum and minimum error was found a 

significant effect on the objective function, and was added firstly. One of the most important finding 

in this research that when the changes in the both of the objective functions have  a few impact on 
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improving precision, this refers to obtain the optimum precision in terms of a homogeneity and 

isotropy for all stations. 

 

6.1 FOD -p for the Area of Study (Al-Ghammas Township)  

The effect of adding new baselines on the values of objective functions of precision, which 

represented by A-optimality and E-optimality is shown in Table 2 and in Fig 5.  

The values of objective functions for both of A-optimality and E-optimality were reduced by 

around 90%, which yielded from adding baseline that have maximum effect on minimizing 

objective functions of precision. 

The values for both of axes of ellipsoid error and helmert point error for the twenty-five stations 

in the initial and final scheme are listed in Table 3.  

GNSS baselines configuration was started from the first scheme to reach optimal precision of G-

net in seventeenth scheme as in Fig 6 (a-b). 

 

7. CONCLUSIONS 

This research showed that the optimal configuration of GNSS baselines can be carried out 

effectively based on the first order design (FOD) with sequential adjustment solution technique to 

improve the quality criteria of GNSS network in terms of precision.   

FOD-p model, which based on minimizing both of A-optimality and E-optimality as objective 

functions, was achieved to gain the best possible precision of the G-net in terms of decreasing 

errors, improving homogeneity, and enhancing isotropy. 

In the initial scheme of G-net for the area of study, the stations which are located around the center 

of the network have minimum ellipsoid errors due to their adequacy of observations. Unlike the 

stations which are located on the perimeter of the network have maximum ellipsoid error due to 

their inadequacy of observations.     
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LIST OF SYMBOLS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

   

      

         

 

   

 

 

 

 

 

Symbol Description 

 

  
  variance of unit weight, cm

2
. 

  standard deviation, cm. 

         standard deviation of coordinates, cm. 

  vector of residuals, m. 

    cofactor matrix of the unknown 

parameters, cm. 

  no. of observations, dimensionless. 

  no. of unknowns,  dimensionless. 

ג
 
ג 

 
ג 

 
 eigenvalues,  dimensionless . 

         eigenvector,  dimensionless . 

         baseline vectors, m. 

   the number of sessions,  dimensionless. 

   the number of baselines, dimensionless. 

   the number of receivers, dimensionless. 

   the number of stations,  dimensionless. 

  the number of common stations between 

two sessions, dimensionless. 
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Table 1. The initial geocentric coordinates (WGS84) of the area of study. 

Stations X (m) Y(m)      Z (m) 

S1 3863932.02 3812639.41 3337605.20 

S2 3863929.35 3812863.89 3337351.68 

S3 3864422.90 3812938.49 3336699.54 

S4 3864331.45 3813222.93 3336468.69 

S5 3864639.19 3813104.62 3336249.46 

S6 3864534.58 3813404.50 3336027.52 

S7 3864934.71 3812730.31 3336335.47 

   

Table 1. The initial geocentric coordinates (WGS84) of the area of study. 

Stations X (m) Y(m)       Z (m) 

S8 3864698.04 3813522.68 3335705.08 

S9 3865053.31 3812752.69 3336174.64 

S10 3864843.58 3813578.41 3335475.65 

S11 3865106.50 3813058.98 3335763.92 

S12 3865232.06 3813337.94 3335302.98 

S13 3865340.59 3812654.95 3335955.25 

S14 3865547.80 3812950.91 3335378.68 

S15 3865510.76 3812391.52 3336057.04 

S16 3865790.59 3812977.65 3335068.27 

S17 3865766.37 3812493.04 3335648.49 

S18 3865866.43 3813009.20 3334944.97 

S19 3865806.74 3812155.22 3335995.09 

S20 3866064.18 3813190.00 3334512.87 

S21 3866110.76 3812226.29 3335565.21 

S22 3866169.49 3812645.35 3335022.65 

S23 3866503.44 3812211.55 3335130.17 

S24 3866771.75 3812282.55 3334740.57 

S25 3867284.47 3812268.06 3334166.09 
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Table 2.Improved  objective functions of FOD-p by adding baselines. 

No. iteration No. Baselines A- optimality E- optimality 

1 47 19.96 1.01 

2 49 11.04 0.40 

3 51 9.00 0.29 

4 53 7.51 0.25 

5 55 6.30 0.22 

6 57 5.55 0.19 

7 59 5.21 0.18 

8 61 4.63 0.16 

9 63 4.08 0.14 

10 65 3.73 0.13 

11 67 3.39 0.12 

12 69 3.14 0.12 

13 71 2.98 0.11 

14 73 2.81 0.10 

15 75 2.61 0.09 

16 77 2.42 0.08 

17 78 2.41 0.08 
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Table 3.The results of FOD-p model for the area of study. 

Stations 

a 

Semi-Axis 

Ellipsoid,cm 

b 

Semi-Axis 

Ellipsoid,cm 

c 

Semi-Axis 

Ellipsoid,cm 

Helmert Point 

Errors,cm 

Initial Final Initial Final Initial Final Initial Final 

1 4.81 1.19 5.07 1.25 10.03 2.48 12.23 3.02 

2 4.45 1.11 4.69 1.17 9.28 2.31 11.31 2.81 

3 4.17 1.11 4.39 1.17 8.69 2.32 10.60 2.83 

4 3.92 1.33 4.13 1.41 8.17 2.78 9.96 3.39 

5 3.68 1.14 3.88 1.20 7.67 2.38 9.35 2.90 

6 3.45 1.12 3.64 1.18 7.20 2.34 8.78 2.85 

7 3.25 1.22 3.42 1.29 6.77 2.54 8.25 3.10 

8 3.06 1.24 3.23 1.30 6.39 2.58 7.78 3.14 

9 2.90 1.23 3.06 1.30 6.05 2.57 7.37 3.14 

10 2.77 1.35 2.92 1.42 5.78 2.81 7.04 3.42 

11 2.67 1.35 2.82 1.42 5.57 2.81 6.79 3.43 

12 2.61 1.22 2.75 1.29 5.45 2.54 6.64 3.10 

13 2.59 1.22 2.73 1.29 5.40 2.55 6.59 3.10 

14 2.61 1.21 2.75 1.28 5.45 2.53 6.64 3.08 

15 2.67 1.34 2.82 1.41 5.57 2.79 6.79 3.40 

16 2.77 1.11 2.92 1.17 5.78 2.32 7.04 2.83 

17 2.90 1.35 3.06 1.42 6.05 2.81 7.37 3.42 

18 3.06 1.22 3.23 1.29 6.39 2.55 7.78 3.11 

19 3.25 1.24 3.42 1.30 6.77 2.58 8.25 3.14 

20 3.45 1.13 3.64 1.19 7.20 2.35 8.78 2.87 

21 3.68 1.11 3.88 1.17 7.67 2.32 9.35 2.83 

22 3.92 1.13 4.13 1.19 8.17 2.35 9.96 2.87 

23 4.17 1.11 4.39 1.17 8.69 2.31 10.60 2.81 

24 4.45 1.11 4.69 1.17 9.28 2.32 11.31 2.82 

25 4.81 1.10 5.07 1.16 10.03 2.29 12.23 2.79 
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Figure 1.The main stages of least square adjustment, Staudinger, 1999. 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2. Baseline vectors of GNSS network, Ghilani and Wolf, 2007. 
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Figure 3. Ellipsoid of error. 

 

 

Figure 4. The area of study, Al Ghammas township, Al-Qadisiya city. 
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Figure 5. The improvement of the objective functions over 17 schemes. 

 

 

 (a) The First Observation Scheme 

Figure 6. Observation schemes of FOD-p model for the area of study. 
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(b) The Final (Seventeenth) Observation Scheme 

Figure 6. Observation schemes of FOD-p model for the area of study. 
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ABSTRACT 

Reinforcing asphalt concrete with polyester fibers considered as an active remedy to alleviate the 

harmful impact of fatigue deterioration. This study covers the investigation of utilizing two shapes 

of fibers size, 6.35 mm by 3.00 mm and 12.70 mm by 3.00 mm with mutual concentrations equal to 

0.25 %, 0.50 % and 0.75 % by weight of mixture. Composition of asphalt mixture consists of 

different optimum (40-50) asphalt cement content, 12.50 mm nominal aggregate maximum size with 

limestone dust as a filler. Following the traditional asphalt cement and aggregate tests, three 

essential test were carried out on mixtures, namely: Marshall test (105 cylindrical specimens), 

indirect tensile strength test (21 cylindrical specimens) and flexural bending test (21 beam 

specimens). The results revealed that, more asphalt content needed as the fibers length and 

concentration increased. The fatigue life estimation depending on cyclic load to failure in the beam 

test support the idea that polyester fibers really improve the resistance of fatigue cracking since the 

repetitions to failure increased by 9.40 % for the 0.50 % of 12.70 mm fibers length. Both of 

Marshall stability and indirect tensile strength suffer from slight reduction in their values, whereas, 

the 0.75 % of 12.70 mm fibers length caused lowering in Marshall stability and indirect tensile 

strength by 11.70 % and 6.00 % respectively.  

Key words: Asphalt Pavement, fatigue cracking, polyester fibers, beam test, tensile strength  

 

 بالياف البوليستير لتحسين مقاومة الكلل لانحناء الثنيتعزيز الخرسانة الأسفلتية 
 هبة مالك الطاهر

 طبنجخ يبعظزُز

قظى انهُذطخ انًذَُخ –عبيعخ ثغذاد   

 د. محمذ قادر اسماعيل

 يذرص

قظى انهُذطخ انًذَُخ  –عبيعخ ثغذاد   

 الخلاصة
 َغطٍ هذا انجحش انزحقُق يٍ اطزخذاو الاصز انضبر نزذهىر انكهم. كعلاط فعبل نهزقهُم يٍاعزجز رعشَش انخزطبَخ الاطفهزُخ ثبنُبف انجىنُظزُز 

% يٍ وسٌ 3.26% و3.63%,3.76يى وثُظت يشززكخ رظبوٌ 33..*يى07.23يى و  33..يى * 6..5شكهٍُ يٍ احغبو الانُبف, 

يع  نهزكبو قصًالا ٍانًقبص الاطً يى ي07.6ٍ, 63-03يكىَبد انخهطخ الاطفهزُخ رزبنف يٍ يحزىي ايضم يزعذد يٍ انظًُذ الاطفهزٍ انخهطخ.

فحض صلاس فحىص رئُظخ نهخهطبد واطًبئهب: الاطفهزٍ وانزكبو اعزاء  ذغجبر حغز انكهض كًبدح يبنئخ. رجع اعزاء انفحىص انزقهُذَخ نهظًُ

اظهزد انُزبئظ انحبعخ (.عُُخ عزجخ 70وفحض اَحُبء انضٍُ) عُُخ اططىاَُخ( 70)فحض قىح انشذ غُز انًجبشزعُُخ اططىاَُخ(, 036يبرشبل)

طبَذ  عهً انزحًُم انذورٌ انً انفشم فٍ فحض انعزجخساد رزكُش وطىل الانُبف. رقذَز عًز انكهم اعزًبدا انً انًشَذ يٍ يحزىي الاطفهذ كهًب 

% يٍ الانُبف ثطىل 3.63 % ل0.03انزكزراد نهفشم سادد ة فكزح اٌ انُبف انجىنُظزُز فعلا رحظٍ يقبويخ رشقق انكهم حُش اٌ 

يى طجت 07.23% يٍ الانُبف ثطىل 3.26, كلا يٍ صجىرُخ يبرشبل وقىح انشذ غُز انًجبشز عبَذ يٍ َقصبٌ قهُم نقًُهًب, حُشيى.07.23

  % ثبنزعبقت.5.33% و00.23ة  رخفُض نضجىرُخ يبرشبل و قىح انشذ غُز انًجبشز
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1. INTRODUCTION 

It is widely recognized that highways play an important role in economic and social development of 

societies, therefore, many studies are directed towards modifying pavement properties. In Iraq as 

well as other countries, pavement surface cracks are considered as a major problems affected the 

performance of road networks. In order to prevent the cracking progress of asphalt layer, numerous 

efforts are devoted to improve the performance of asphalt mixtures, hence, many additives are used 

for this purpose. Polyester fibers are incorporating in asphalt mixtures production to enhance the 

resistance of flexible pavement against fatigue cracking, Abtahi, et al., 2010. 

Reinforcement generally includes addition of materials which have some desired properties to other 

materials which do not have these properties. Fibers reinforcement was used to carry the tensile 

loads, improve the pavement resistance to some distresses as well as to prevent the formation and 

propagation of cracks, Mahrez and Karim, 2010. 

 

1.1 Objective of the Study 

The main purpose of the effort presented in this study is to investigate the role of reinforcing the 

asphalt mixture by polyester fibers with different contents and sizes. The course of experimental 

work involved the conventional Marshall test properties and the ability of mixture to resist the 

tensile stress by conducting the indirect tensile strength test. The achievement of fatigue resistance 

will be accomplished by performing the flexural bending fatigue test on asphalt concrete beam 

specimens.  

 

2. REVIEW OF LITERATURES  
One of the most significant distress modes in flexible pavements is fatigue cracking. The action of 

repeated loading caused by traffic induces tensile and shear stresses in the bound layers which lead 

to the gradual loss in the structural integrity of the material. Fatigue initiates cracks in the wheel 

path at points where critical tensile strains and stresses occur. Once the damage initiates at the 

critical locations, the action of traffic eventually causes these cracks to propagate through the entire 

bound layer, Al-Khateeb and Shenoy, 2011. 

Moghaddam, et al., 2011, depicted that fatigue resistance of asphalt mixture is its ability to 

withstand repeated bending without fracture. Most analyses utilize flexure stresses or strains on the 

underside of the asphalt concrete pavement layers to assess the fatigue life.  

As cited by Deacon, et al., 1994, in the early 1960s, Monismith, et al., and Pell established the 

relationships between Hot Mixed Asphalt (HMA) fatigue life and horizontal tensile stress or tensile 

strain at the bottom asphalt layer by using the basic forms shown in Eqs. (1) and (2). 

 

        [ 
 

  
 ]
   

                                                                                                                                                                                                                  
(1) 

        [ 
 

  
 ]
   

                                                                                                                                                                                            
(2) 

 
Where Nf is the number of repetitions to failure, ζt is the magnitude of the tensile stress repeatedly 

applied, εt is the magnitude of the tensile strain repeatedly applied, and k1, k2, k3, and k4 are the 

experimentally determined coefficients. 
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An interesting statement declared by Serfass and Samanos, 1996, demonstrated that adding fibers 

enables developing asphalt mixtures that are rich in bitumen which create high resistance to ageing, 

effects of water and fatigue cracking as well as mechanically strong high resistance to shear, tension 

and flexure. 

Asmael, et al., 2010, showed that polyester fibers do improve the performance of the asphalt mix as 

they enhance the stability, mainly due to their stabilizing and multi-directional reinforcing function. 

They also absorb the bitumen and thicken the bitumen film adhering to the aggregate, which 

strengthens the resistance of the asphalt mix to environmental disruption and water damage.  

Chen, et al., 2009, used polyester fibers as the reinforcement for improving the fatigue life of 

asphalt mixture, by conducting the fatigue beam test on densely graded bitumen concrete, they 

concluded that, addition of the fibers decelerates the deflection development and crack evolution 

significantly for heavy loading road applications.  

Qunshan, et al., 2009, used three types of fibers including polyester fibers, cellulose fibers and 

mineral fibers as modifiers for asphalt mixture with the dosage of 0.30 %, 0.35 % and 0.40 % by the 

total weight of asphalt mixture. The fatigue properties of asphalt mixture were studied at different 

stress ratios. Their extensive work showed that fatigue parameters of asphalt mixtures with fibers 

were decreased, which indicated that fatigue property could be improved by fibers modifiers.  

Xu, et al., 2010, investigated the effect of polyester fibers with different percentages (0.00 %, 0.20 

%, 0.35 % and 0.50 % by weight of mixture) on fatigue properties of asphalt concrete mixtures. 

Third-point bending fatigue test with stress controlled mode was performed at 20°C. They reported 

that addition of fibers into mixture resulted in increment of fatigue life. Consequently, fatigue life of 

AC with polyester fibers was more than other mixtures. As mentioned in their study, the 

improvement of fatigue characteristic is attributed to the three-dimensional networking effect of 

fibers in AC and stabilization of binder on surface of aggregate. 

Anurag, et al., 2009, used roofing polyester waste fibers with two lengths (0.635 cm and 1.270 cm) 

and two contents (0.35 %, and 0.50 % by weight of total mixture). After conducted the indirect 

tensile strength test of asphalt concrete mixtures, they reported that addition of the polyester fibers 

was beneficial in improving the tensile strength properties in addition to increasing the following 

parameters; void content, asphalt content, unit weight, and Marshall stability, furthermore, they 

found that 0.635cm long fibers with 0.5 % content proved to be the best combination.   

In another study performed by Ye, et al., 2009, which was carried out on fatigue properties of three 

types of fibers modified binder containing cellulose fibers, polyester fibers and mineral fibers. It was 

shown that fatigue parameters (dynamic modulus |E*| and phase angle (δ)) were decreased, so, the 

fatigue properties of fibers modified asphalt mixtures were improved compared to control mixture. 

Besides, the indirect tensile fatigue test (ITFT) was performed at different stress ratios, and the 

result illustrated that polyester fibers had the best influence on fatigue resistance of mixture among 

the three. 

Shaopeng, et al., 2008, investigated the role of reinforcing asphalt mixture by polyester fibers, they 

depicted that viscosity of asphalt binder is increased with increasing polyester fibers contents and 

the cycle numbers to fatigue failure of fibers modified asphalt mixture are increased with 1.9, 2.9 

and 3.6 times at 0.5, 0.4 and 0.3 stress ratios, besides, they found that optimum polyester fibers 

content was 0.30 % by weight of total mixture. 
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Salman, et al., 2001, investigated the effects of several types of fibers on the Marshall properties, 

they reported that adding such types of fibers to asphalt-mixture caused negative effects on variables 

of Marshall test (stability, flow, unit weight, air voids content , and voids in mineral aggregate). 

They also found that fibers-asphalt mixes required more compaction effort as compared to the 

control specimens. 

Hasan, 1997, added three types of fibers to asphaltic mixture with lengths of (1.0 cm and 0.5 cm) 

and contents of (0.10, 0.20, 0.30, and 0.40) percentages by weight of total mixture. These fibers 

included Polypropylene fibers, Fibers Glass, and Steel wires. Marshall properties, indirect tensile 

strength, temperature susceptibility and resistance to moisture damage are studied. He found that 

optimum fibers content necessary to provide all the desired mixture properties has been determined 

to be equal to 0.20 % (by weight of total mixture) and the use of fibers with optimum asphalt 

content had improved performance related properties of paving mixtures including tensile strength, 

resistance to plastic flow and resistance to moisture damage.    
 

3. MATERIALS AND METHODS OF TESTING 

3.1 Asphalt Mixtures Composition 

In general, the hot mix asphalt mixtures designed for this study are composed of aggregates (coarse, 

fine and mineral filler), asphalt binder and polyester fibers. Essentially, all the participated materials 

are locally available and traditionally utilized in paving process excluding the fibers. Several test        

were undertaken on asphalt binder and aggregates particles to satisfy the SCRB R/9, 2003 

requirements. Tables 1, 2, 3 and 4 summarized the principal outcomes of the performed tests.  

The prepared mixtures involved the following substances: 

 40-50 penetration grade of asphalt cement obtained from Daurah refinery, 

 12.5 mm nominal aggregate maximum size brought from Al-Nibaee quarry, 

 Natural sand and limestone dust brought from Karbala province, and 

 Sheets of Polyester fibers obtained from local market. 

 

3.1.1 Polyester Fibers 

The polyester fibers are spun bond, non-woven and continuous. This commercial product trim waste 

was obtained from the rolls of polyesters used for roofing. Based on previously mentioned 

literatures,   the polyester fibers incorporated in the present work have two length sizes of 6.35 mm 

and 12.70 mm with one width size of 3.00 mm as shown in Fig.1. Implementation of these fibers 

sizes aided by using paper shredder machine. The content of these fibers has three percentages; 0.25 

%, 0.50 % and 0.75 % by weight of mixture. 

3.2 Preparation of Asphalt Mixtures 

Following the operation of sieving, the aggregates recombined with appropriate proportions which is 

necessary to meet the range of gradation specified by SCRB R/9, 2003 for the wearing course 

asphalt pavement as listed in Table 5 and portrayed in Fig.2. Prior to conducting the I.T.S and 

fatigue tests, Marshall test method (ASTM D-6927) was carried out on cylindrical specimens (101.6 

mm in diameter and 63.5 mm in height) with different asphalt content for control mixture (0.00 % 

fibers) and reinforced mixtures to gain the optimum asphalt content for each combination in order to 

prepare the mixtures for the remaining tests, 105 specimens have been prepared for this test and 

some of them are displayed in Fig.3.  
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The polyester fibers were mixed with aggregates thoroughly for 15-25 sec, the aggregate are then 

heated to a temperature of 155 °C before mixing with asphalt cement which has already been heated 

to a temperature that produce a kinematic viscosity of (170 ± 20) centistokes (up to 163 °C as an 

upper limit), then, the asphalt cement is weighed to the desired amount and added to the heated 

aggregates and mixed thoroughly until all aggregates and polyester fibers particles are coated with 

asphalt. The direct measurements from Marshall test are stability and flow values while the 

following properties are calculated depending on density - voids analysis: 

100 ] G / G  1 [  AV MMBM                                                                                                     (3)                                                                                                         

VMA = 100 – [ GBM × PA / GBA ]                                                                                                     (4)                                                                                                                                                                                         

100 ]VMA AV/ VMA [ VFA                                                                                                      (5)                                                                                                                                                                                                      

where: 

AV = percent of air voids by total mixture weight, 

VMA = percent of voids in mineral aggregate, 

VFA = percent of voids filled with asphalt, 

GBM  = bulk specific gravity of mixture, 

GMM  =theoretical maximum specific gravity of mixture, 

PA  = percent of aggregate by total weight of mixture, and 

GBA  = bulk specific gravity of aggregates. 

 

3.3 Indirect Tensile Strength Test 

This test was performed according to the method described in ASTM D-6931. The same Marshall 

mold dimensions have been utilized with total number equal to 21 specimens. They left to cool at 

room temperature for 24 hours and then placed in an air bath at 25 °C for 4 hours in order to bring 

them to test temperature. The loading strips were placed and the load was applied at a strain rate of 

50 mm/min. Three specimens for each mix combination were tested and the average results were 

reported. The indirect tensile strength in kPa was then calculated as follows: 

 

 I.T.S. = 2000 Pult / π t D                                                                                                  
(6) 
 
where  

Pult = ultimate applied load required to fail the specimen, N 

t = thickness of the specimen, mm 

D = diameter of specimen, mm 

 

3.4 Preparation of the specimens for the flexural bending fatigue test   

The beam specimens have the dimensions of 500 mm in length, 100 mm in width and 50 mm in 

height and required approximately 5.750 kg of prepared asphalt mixture. The manufactured iron 

mold was heated to the compaction temperature. The mold and tamping foot were lightly oiled; 2 

sheets of 10 cm by 50 cm papers placed on the mold base plate. The compactor foot was maintained 

sufficiently hot to prevent the mixture from adhering to it. One half of the required amount of 
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mixture for one specimen was placed in the mold in a uniform layer, spade the mixture vigorously 

with a heated spatula or trowel 40 times around the perimeter of the rectangular and 27 times over 

the interior of the rectangular. The leveling plate was placed on top of the specimen. Using a 

compression testing machine, a static load of 45 kN was applied on the specimen at a rate of 0.50 

mm /min. The other remaining quantity of asphalt material was added in the same procedure. Three 

beam specimens for each mix combination were tested and the average results were reported. Fig.4 

shows some of the 21 beams specimens formed for this test. 

 

3.5 Repeated loading apparatus  

This apparatus has the ability to apply repeated load with different pressure values and within 

various loading and testing periods, furthermore, the testing chamber can maintain the temperature 

at the desired heat condition, Albayati, A. H., 2006. Compressive loading was applied in the form 

of rectangular wave with a constant loading frequency of 120 cycles per minute including 0.1 sec 

loading time and 0.4 sec rest period. Application of 45 kPa stress level was utilized and the test was 

controlled at a temperature of 20 
o
C. In the fatigue test, the number of applications to failure (Nf) 

was counted.  A third-point loading system was chosen due to the advantage of the constant bending 

moment existence over the specimen middle third, so that, any weak spot due to non-uniform 

material properties will show up in the test results as declared by Huang, 2004.The beam 

dimensions with applied load system is configured in Fig.5 while the test running is shown in Fig.6. 

 

4. RESULTS AND DISCUSSION  

4.1 Marshall test 

The effort spent in conducting Marshall test was essential to specify the optimum asphalt content for 

the various mixtures combinations, in this way, the control mixture (0.00 % fibers) witness the best 

results at 4.90 % of asphalt content (by weight of total mixture). However, this percent is slightly 

increased when fibers presented, whereas, for the 6.35 mm fibers size, the asphalt magnitudes 

become   

5.00 %, 5.15 % and 5.30 % for the three proportions of fibers (0.25 %, 0.50 % and 0.75 % by weight 

of mixture) respectively. In the same manner, the asphalt values elevated to 5.10 %, 5.25 % and        

5.40 % in the case of using 12.70 mm fibers size for the same proportions. The justification of this 

behavior belongs to the larger surface area of fibers which defiantly required more asphalt to coat. 

All the test results are listed in Table 6 while Fig.7 visualized only the attitude of control mixture. 

Fig.8 displays the effect of fibers content on optimum asphalt content. As regard to stability values, 

specimens molded utilizing fibers exhibited lower stability with reductions values of 3.00 %, 5.00 % 

and 9.80 % for the first size (6.35 mm) and 4.00 %, 8.80 % and 11.70 % for the second size (12.70 

mm) as shown in Fig.9, this might be explained by the increase in asphalt content which cause some 

sliding action for aggregate particles. The specimens containing no fibers had lower air void content 

than the mixtures containing polyester fibers, for further detailing, mixtures containing fibers length 

of 6.35 mm have higher air voids than the control mixture by 1.30 %, 9.40 % and 13.50 % for the 

three fibers content categories while specimens containing the other fibers size witness an growth in 

air voids by 8.10 %, 10.80 % and 14.80 % as portrayed in Fig.10. However, this behavior could be 

understood due to the low specific gravity of fibers which resulted in reducing the bulk density of 

mixture that leading to increase air voids.   
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4.2 Effect of polyester fibers on I.T.S.  

The influence of reinforcing asphalt mixtures by polyester fibers on tensile strength is plotted in 

Fig.11. As can be seen, there is a little reduction in tensile strength value as the fibers acted. In other 

words, incorporating fibers with 6.35 mm length produce values of reduction of 3.40 %, 5.00 % and 

5.60 %, while for the other fiber size, the reduction values increased to 4.10 %, 5.50 %, and 6.00 % 

for the three fibers contents.  This could be due to their relatively higher air voids, i.e., higher air 

voids provide more space resulting in greater expanding forces.   

 

4.3 Effect of polyester fibers on flexural bending fatigue test  

Performing the flexural bending test on asphalt beam specimens at the specified conditions provides 

the results which are listed in Table 7 and plotted in Fig.12. It seems to be that adding polyester 

fibers indeed show some enhancement in the fatigue properties. Demonstrating by percentages, 4.70 

%,    8.10 % and 7.40 % growth of cyclic loads to failure occurred when the fibers of 6.35 mm 

length size presented in the mixtures with their three blended categories. Referring to the fibers of 

12.70 mm length size, the same increase happened with little enlargement, in other words, 5.40 %, 

9.40 % and 8.70 % percentages of increase observed. It is clearly noticed that 0.50 % of fibers 

content yields the best results for both fibers configuration. This improvement confirmed to the fact 

that the fibers distributed in different directions of asphalt-aggregates matrix causing high strain 

capacity of the mixes owing to their higher asphalt content and the thicker film coating the 

aggregates. 

 

5. CONCLUSIONS 

 The potential of reinforced asphalt concrete to withstand fatigue deterioration succeed to show 

through flexural bending test, whereas, the 0.50 % with 12.70 mm fibers length showed the 

higher percentage of  enhancement by 9.40 %, on the other hand, the lowest increment of 

increase,        4.70 %, occurred by incorporating 0.25 % of 6.35 mm fibers length. 

 It is appeared that, as the polyester fibers size and content increased, the required asphalt binder 

to produce the optimum Marshall properties increased also. Referring to this, reinforcing 

mixture by 0.25 % of 6.35 mm fiber length need 5.00 % of asphalt binder to reach the optimum 

behavior, while this percent become 5.40 % when the 0.75 % of 12.70 mm fiber length utilized. 

 Within the limit of this study , continues rising of polyester length and contents seems to be 

slightly have an impairs effect on Marshall stability, herein, 0.25 % of first fibers size caused a 

reduction in Marshall stability by  3.00 %, unfortunately, this reduction elevated to 11.70 % as 

the 0.75 % of the second fibers size presented. However, all the reinforced specimens are still at 

safe distance from the minimum specification values.   

 The specimens containing no fibers had lower air void content than the mixtures containing 

polyester fibers. Mixtures containing fibers length of 6.35 mm have higher air voids than the 

control mixture by 1.30 %, 9.40 % and 13.50 % for the three fibers content categories while 

specimens containing the other fibers size witness a growth in air voids by 8.10 %, 10.80 % and 

14.80 %. 
 There is a little reduction in tensile strength value as the fibers acted. Incorporating fibers with 

6.35 mm length produce values of reduction of 3.40 %, 5.00 % and 5.60 %, while for other size, 

the reduction values increased to 4.10 %, 5.50 %, and 6.00 % for the three fibers contents. 
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NOMENCLATURE  

AC    asphalt concrete 
ASTM     American Society for Testing and Materials 

AV    percent of air voids by total mixture weight 
D     diameter of specimen, mm 

GBA     bulk specific gravity of aggregates 

GBM     bulk specific gravity of mixture 

GMM     theoretical maximum specific gravity of mixture, 

HMA    hot mixed asphalt  

I.T.S     indirect tensile strength  

ITFT    indirect tensile fatigue test 

k1, k2, k3, and k4   experimentally determined coefficients 

Nf      number of repetitions to failure 

PA     percent of aggregate by total weight of mixture 

Pult     ultimate applied load required to fail the specimen, N 

SCRB     The State Corporation for Roads and Bridges 

t     thickness of the specimen, mm 

VFA    percent of voids filled with asphalt 

VMA    percent of voids in mineral aggregate 

εt      magnitude of the tensile strain  

ζt     magnitude of the tensile stress 
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Table 1. Physical properties of Daurah 40-50 asphalt cement. 

Test Unit 
ASTM  

Designation No. 
Result 

SCRB, R/9 

Requirements 

Penetration @ (25 
o
C, 100 gm, 5sec) 1/10 mm D-5 46 40-50 

Softening Point (Ring & Ball) (
o
C) D-36 51 …… 

Specific Gravity @ 25
 o
C …… D-70 1.01 …… 

Ductility @ (25 
o
C, 5 cm/min) cm D-113 114 >100 

Flash Point, (Cleveland open Cup) (
o
C) D-92 319 ˃ 232 

Residue from Thin Film Oven Test 

Retained Penetration, % of Original % D-5 80 ˃ 55 

Ductility @ (25 
o
C, 5cm/min) cm D-113 92 ˃ 25 

 

Table 2.  Physical properties of Al-Nibaee aggregate 

Property 
ASTM 

Designation No. 

Coarse 

Aggregate 

Fine 

Aggregate 

Bulk Specific Gravity C-127 & C-128 2.600 2.640 

Apparent Specific Gravity C-127 & C-128 2.644 2.652 

Percent of Water Absorption C-127 & C-128 0.435 0.562 

Percent of Wear 

(Los Angeles Abrasion Test) 
C-131 19.69 …… 

 

Table 3.  Physical properties of limestone dust 

Property Result 

% Passing Sieve No.200 100 

Specific Gravity 2.69 

 

Table 4.  Physical properties of polyester fibers  
                (provided by manufacture company) 

Test Properties Typical Value 

Weight, gm/m
2
 180 

Density, gm/cm
3
 1.36 

Tensile Strength, MPa >517 

Elongation-at-Break, % 39 

Tear Strength, N 75 

Softening Point, ºC  240 

Melting Point, ºC >255  
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Table 5. Gradation of combined aggregate 

Sieve Size Specification Range, (%)* Work Limit, (%) 

3/4" 100 100 

1/2" 90-100 95 

3/8" 76-90 83 

No.4 44-74 59 

No.8 28-58 43 

No.16 …… 32 

No.30 …… 20 

No.50 5-21 13 

No.100 …… 10 

No.200 4-10 7 

                        *(SCRB R/9, 2003) 

Table 6. Marshall test results 

 

Fibers 

Length, 

(mm) 

(%) 

Fibers, 

by wt. of 

mix. 

O.A.C., 

(%) by 

wt. of 

mix. 

Stability 

(kN) 

Flow,  

(mm) 

Bulk 

Density 

(gm/cm3) 

Air Voids 

(%) 

V.M.A. 

(%) 

V.F.A. 

(%) 

Control 

mix 0 4.9 10.2 2.0 2.340 3.70 14.40 74.30 

6.35 

0.25 5.0 9.9 3.0 2.334 3.75 14.70 74.48 

0.50 5.15 9.7 3.8 2.315 4.05 15.54 73.93 

0.75 5.3 9.2 4.0 2.285 4.20 16.75 74.92 

12.70 

0.25 5.1 9.8 3.5 2.322 4.00 15.30 73.85 

0.50 5.25 9.3 4.1 2.300 4.10 16.17 74.64 

0.75 5.4 9.0 4.2 2.280 4.25 17.10 75.14 

 

Table 7. Flexural bending fatigue test results 

Fibers 

length(mm) 
Control 6.35 12.70 

Fibers, (%) 0 0.25 0.50 0.75 0.25 0.50 0.75 

Nf  148 155 160 159 156 162 161 
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                       6.35 mm                                  12.70 mm 

                        Figure 1. Samples of polyester fibers 

 

 
Figure 2.   Specification limits and selected gradation for wearing course  

                  (12.5 mm nominal maximum aggregate size). 

 

 
Figure 3. Marshall specimens. 
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Figure 4. Asphalt beam specimens. 

 

 
Figure 5. Diagrammatic view of third point loading system. 

    

 

Figure 6. Flexural bending fatigue test. 
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Figure 7. Marshall test results for control mixture. 
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Figure 8. Effect of fibers content on O.A.C 

 

Figure 9. Effect of fibers content on Marshall stability. 

 

Figure 10. Effect of fibers content on air voids . 
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Figure 11. Effect of fibers content on I.T.S . 

 

 

 

Figure 12. Effect of fibers content on Nf . 
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 تأثير الجدار ذي التجويف الهوائي المغمق في تخفيض احمال تبريد الابنيةعممية لدراسة 
 
 

 
 

 الخلاصة 
( يعمل عمى خفض حمل الكسب 5cm)سمك التجويف  تجويف ىوائي مغمقجدار ذي استخدام ان  أظيرت الدراسة العممية

ايضاً أن المقاومة الحرارية  نتائجوبينت ال .جدار تقميدي )بدون تجويف(بالمقارنة مع  (% 21.5الحراري عبر الجدار بنسبة )
وأظيرت النتائج العممية لمدراسة أن الجدار ذي التجويف اليوائي  المغمق  (.m2.oC/W 0.2لمتجويف المغمق كانت بمعدل )

)بدون ارنة مع الجدار مق( oC 0.45يعمل عمى خفض متوسط درجة حرارة السطح الداخمي لمجدار خلال اليوم بمعدل )
مقارنة مع ( oC 0.66بمعدل ) مسطح الداخمي لمجدار خلال اليومخفض مدى التغير في درجة الحرارة لكذلك و  تجويف(.

 .ايضاً  الجدار )بدون تجويف(
 جدار ذي تجويف مغمق ، جدار تقميدي ، احمال التبريد:  الكممات الرئيسية

 

Experimental Study of the effect of closed cavity wall on buildings cooling 

loads saving 

 
 

 

 

 

 

ABSTRACT 

The experimental study showed the use of closed cavity wall (the thickness of the 

cavity 5cm) made a percentage reduction in the cooling load caused by heat gain from the 

wall by (21.5 %) compared with the conventional wall. also the thermal resistance of the 

closed cavity was an average (0.2 m
2
.
o
C/W).  

The experimental results of the study showed that the use of closed cavity wall reduced 

the average temperature of the inner surface of the wall during the day, and that the reduction 

was an average (0.45 
o
C)  when compared with the conventional wall , as well as the use of 

closed cavity wall reduced the temperature difference range of the inner surface of the wall 

during the day, and that the reduction was an average (0.66 
o
C) when compared with the 

conventional wall . 
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 المقدمة :
أصبحت مسالة استيلاك الطاقة في مختمف قطاعات الحياة وخاصة قطاع المباني الذي يمثل الجزء الاكبر من ىذا 
الاستيلاك مسالة جوىرية ، خصوصا في العراق الذي يتميز مناخو بكبر نطاق الاشير الحارة عمى الباردة وارتفاع معدلات 

ات التكييف لضمان بيئة داخمية ملائمة لمشاغمين وىذا يؤدي الى درجة الحرارة خلال الصيف مما زاد من استخدام منظوم
 زيادة في معدلات استيلاك الطاقة الكيربائية .

، تمت دراسة تأثير و عمى طولممتد وفي ىذا البحث ومن خلال تصميم جدار يحتوي عمى تجويف ىوائي مغمق 
يد نتيجة الكسب الحراري عبر الجدار بالمقارنة مع في تخفيض حمل التبر  )ذي التجويف اليوائي المغمق(الجدار استخدام

جدار تقميدي )بدون تجويف( وكذلك دراسة تأثيره عمى درجة الحرارة لمسطحين الخارجي والداخمي لمجدار بالمقارنة مع 
 الجدار التقميدي ايضاً.

تركيب معين فان المقاومة الحرارية  لمتجويف اليوائي المغمق  يمكن ان تساىم في زيادة المقاومة بعندما يحاط اليواء ف
الحرارية الكمية لمتركيب وذلك بسبب الموصمية الضعيفة لميواء وان قيمة المقاومة الحرارية تعتمد عمى عدة عوامل منيا 

ة، ومعدل درجة الحرارة داخل التجويف وكذلك درجة الحرارة )سمك التجويف، وميل التجويف اليوائي، واتجاه انتقال الحرار 
والانبعاثية لمموجات الكيرومغناطيسية الطويمة لأسطح التجويف(، وأن انتقال الحرارة خلال التجويف يكون عن طريق 

متصاصية )التوصيل والحمل والاشعاع(، فالجزء المتعمق بالاشعاع يعتمد عمى درجة حرارة وخصائص السطوح الحدية )الا
وبالمقابل فان الجزء ، والنفاذية والانعكاسية(، أما سماكة التجويف اليوائي وموقعو واتجاه انتقال الحرارة  فإنيا غير مؤثرة 

المتعمق بانتقال الحرارة عن طريق الحمل يتأثر بـ )موقع التجويف اليوائي، واتجاه انتقال الحرارة, والاختلاف في درجة حرارة 
  .(ASHRAE, 2001)كة التجويف اليوائي(السطحين, وسما

 ,.Robinson et al)ومن الدراسات التي تمحورت حول موضوع التجاويف اليوائية المغمقة ما قام بو الباحثون 

الامريكية في ادراج قيم لممقاومة الحرارية  (ASHRAE)تم الاستناد الييا من قبل منظمـة  ،من تجارب عمميــة (1954
 ,Ridouane, and Marcus) قام الباحثانكما .  (ASHRAE, 2001) لتجاويف ىوائية مغمقة عند ظروف مختمفة

 0.089m x) بمحاكاة عددية لدراسة الاداء الحراري لحائط متعدد الطبقات يحتوي عمى تجويف ىوائي عمودي (2011

2.44m)  مغمق ومعزول من الاعمى ومن الاسفل بتغيير عدة عوامل )درجة حرارة المحيط و درجة انبعاثية أسطح التجويف
حيث بينا ان المقاومة الحرارية لمتجويف تقل بزيادة انبعاثية الاسطح المحيطة  و نسبة الطول الى العرض لمتجويف(،

وتبمغ أعمى قيمة لممقاومة الحرارية لمتجويف عندما تكون درجة  لمتجويف،ة بزيادة النسبة الباعية لمتجويف بينما تزداد المقاوم
 ,Aviramوقام الباحثون  حرارة المحيط الخارجي والحيز الداخمي متساويتين وتتناقص قيمتيا كمما زاد فرق درجات الحرارة.

et al., 2001)) ( بدراسة عممية عن طريق استخدام صندوق اختبار الحرارةguarded hot box حققوا من خلالو عممية )
انتقال الحرارة لنسب طول الى عرض متغيرة لتجويف ىوائي مغمق، حيث وجدوا تناقصاً في شدة انتقال الحرارة 

(Circulationوتزايد ) ًبالمقاومة الحرارية لمتجويف بزيادة نسبة الطول الى العرض. وبنفس المجال توصل الباحث ا 
(Manz, 2003)  الى نتائج متوافقة من خلال دراسة عددية لعممية انتقال الحرارة خلال تجويف مستطيل بنسب طول الى

 (.20,40,80عرض )
 : الجانب العممي

 المنظومة العممية :
وعرض  3.0m)من اجل اجراء الدراسة فقد تم بناء جدارين متجاورين من الطابوق بالاتجاه الشرقي بارتفاع )

(1.0m ،لكل جدار ) بدون تجويف( والاخر ذو تجويف ىوائي مغمق )سمك التجويف( 5احدىما تقميديcm وتم بناء ،)
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حيز يؤلف الجانب الشرقي لو الجدارين المتجاورين أما بقية الجوانب والسقف فتتألف من جدران من الفمين، وتم وضع جياز 
 الصيف.  فصل مكيف شباكي في الجانب المقابل لمجدارين. وتم اجراء التجربتين خلال

 )بدون تجويف( :  تقميديالجدار ال
( مستند من الاسفل عمى قاعدة من الكونكريت بسمك 0.28m( وسمك )1m( وعرض )3mبارتفاع )تم بناء جدار 

(0.2m( بسمك )0.1( متصمة بالارض والجدار معزول من الجية العموية والجوانب بواسطة عازل )فمينm والجدار )
 ( :1), وكما موضح بالشكل متكون من ثلاث طبقات

 (.0.02mبسمك ) يسمنتلبخ  .1

 (.0.24mطابوق مثقب بسمك ) .2

 (.0.02mبسمك ) يجص بياض .3

( معامل المواصمة الحرارية لمطابوق المثقب ومعامل الموصمية الحرارية لمواد البناء 2( و )1ويبين الجدولين )
 .(2013معزل الحراري العراقية لمدونة ال)المستخدمة 

 : الهوائي المغمق ذو التجويفالجدار 
( 0.05mبسمك ) مغمق ( يحتوي في المنتصف عمى تجويف0.33m( وسمك )1m( وعرض )3mوىو بارتفاع )

( متصمة بالارض والجدار 0.2mممتد عمى طول الجدار ويستند الجدار من الاسفل عمى قاعدة من الكونكريت بسمك )
 خمسة( والجدار متكون من 0.1mالعرض بواسطة عازل )فمين( بسمك )معزول من الجية العموية والجوانب من جية 

 : (2وكما مبين في الشكل ) طبقات
 (.0.02mبسمك ) يسمنتلبخ  .1

 (.0.12mطابوق مثقب بسمك ) .2

 (.0.05mبسمك )مغمق  تجويف ىوائي .3

 (.0.12mطابوق مثقب بسمك ) .4

 (. 0.02mبسمك ) يجصبياض  .5

 
 
 

 
 
 
 
 
 
 
 
 
 

 ( مقطع جانبي لجدار ذي تجويف مغلق2شكل ) ( مقطع جانبي لجدار تقليدي )بدون تجويف(1شكل )

0.12m (Brick) 

Si     So 

 

0.02m (Cement plaster) 0.02m (Gypsum) 

0.02m (Cement morter) 

3.0 m 

Air Cavity)) 0.05m  

0.12m (Brick) 

Conditioned 
space 

Ambient 

 

Si So 

0.24m (Brick) 

0.02m (Cement plaster) 0.02m (Gypsum) 

0.02m (Cement morter) 

3.0 m 

Ambient Conditioned 
space 
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 الحيز مع جهاز التكييف :

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 الحيز

 مكيف شباكي

 جدار تقليدي

1m 

3 m 

1.4m S 

W E 

N 

1.4m 

3.1m 

 0.1mعازل من الفلين 

 جدار ذو تجويف )مغلق(

( مخطط يبين مقطعاً جانبياً  لجداري الاختبار )جدار تقليدي )بدون تجويف( ، جدار ذي تجويف مغلق( 4الشكل )

 مع الحيز  وجهاز التكييف 

( 2.4m( وعرض )1mوىو بطول )
( متكون من ثلاث جدران وسقف 3mوارتفاع )

( والجدار 0.1mرضية من الفمين بسمك )أو 
الرابع المواجو لمشرق مكون من جزئين 
)الجدار الاعتيادي والجدار المجوف( يفصل 
بينيما في المنتصف طبقة من الفمين بعرض 

(0.4mل )انتقال الحرارة بين الجدارين  منع
وتم وضع جياز مكيف شباكي سعة تبريد 

(7500 BTU في ) الجدارالفميني منتصف
رة المقابل بطريقة تضمن توزيع اليواء بصو 

لمحفاظ عمى درجة حرارة  تظمة داخل الحيزمن
 ، وكما ىو موضح بالشكل تبريد المطموبةال

(3). 
 

 

 فاصل من الفلين بين الجدارين

 ابعاد الحيز من الخارج

 ( الحيز مع جهاز التكييف3الشكل )
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 ( جداري الاختبار5الشكل ) 

 جدار تقليدي )بدون تجويف( جدار ذو تجويف مغلق

Cement plaster 

0.4m 

Gypsum plaster 

 السطح الداخلي للجدار المجوف

 التجويف الهوائي للجدار

3.0m 

1.0m 

 السطح الداخلي للجدار التقليدي
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  : قياس درجة الحرارة
 تم قياس درجة الحرارة لمجدران والحيز باستخدام نوعين من الاجيزة  

( لمتحويل بين نقاط selector switchتتصل بـ )( kنوع )من Thermo couples) ) : مزدوجات حرارية النوع الاول
 Range: -50°C(،Victor( لشركة )DM6801A( موديل )thermometerالمزدوجات الحرارية ويتصل بدوره بـ )

to 200°C) سطح حيث تم وضع خمس مزدوجات حرارية لكل  سطح الخارجي لمجدران،حرارة ال ةدرج( لاخذ القراءات ل
 .لحساب معدل درجة حرارة السطح الخارجي لكل جدار  تم توزيعيا طوليا عند منتصف الجدار وبمسافات متساويةو جدار 

( يتصل بحاسبة U3-LVموديل ) (Lap Jack) لشركة (Data loggerنوع )الكتروني  سجل بيانات: م النوع الثاني
تم استخدام حساسات الجياز بواقع خمس  لدرجة حرارة السطح الداخمي لمجدران، حيث تسجيل القراءات الكترونية من اجل

لحساب معدل درجة حرارة السطح  تم توزيعيا طوليا عند منتصف الجدار وبمسافات متساوية سطح جدارحساسات لكل 
 .الداخمي لكل جدار

  :الاجراءات العممية 
اخذ القراءات يكون في اليوم ثلاثة ايام حيث ان  الواحدة التجربةاستغرقت و الصيف فصل تين في جربت تم اجراء

 تقميديالثالث ولمدة اربع وعشرين ساعة وذلك لمحصول عمى اكبر قدر من الاستقرارية لممنظومة وتم اخذ القراءات لمجدار ال
 .بنفس الوقت من اجل المقارنة بينيما اليوائي المغمق والجدار ذو التجويف

 الحسابات :
 :خلال اليوم )بدون تجويف( التقميدي الجدارالكسب الحراري لمحيز عبر متوسط حساب 

عن طريق موازنة الطاقة حيث ان متوسط معدل الحرارة المنتقمة خلال اليوم من السطح الخارجي الى السطح  يتم حسابو
من السطح الداخمي لمجدار الى  والداخمي لمجدار بواسطة التوصيل يساوي متوسط معدل الحرارة المنتقمة خلال اليوم نفس

 وكما يأتي: (ASHRAE , 2001) الجدار خلال اليوم( الحيز بواسطة الحمل والاشعاع )متوسط الكسب الحراري عبر
         (1)                                                                                ( )̅̅ ̅̅ ̅̅ ̅       ( )̅̅ ̅̅ ̅̅ ̅̅ ̅̅ 

 حيث أن                                                    
     ( )̅̅ ̅̅ ̅̅ ̅̅ ̅̅       ( )         (   ( )̅̅ ̅̅ ̅̅ ̅     ( )̅̅ ̅̅ ̅̅ ̅)                                                (2)                                    

               (3)                                                                                  ( )  
 

     ( )
 

                 (4)           ( )  (  ⁄ )         [
      

      (  )       (  )  (
 

 
)
        

          (  )
]   (  ⁄ )        

 
 : خلال اليوم ذي التجويف الهوائي المغمق الجدارالكسب الحراري لمحيز عبر متوسط حساب 

 : عن طريق المعادلة التالية ويتم حساب
              (5)                                ( )̅̅ ̅̅ ̅̅ ̅̅           (   ( )̅̅ ̅̅ ̅̅ ̅    ̅) 

 حيث ان                                                             
    

   ( )̅̅ ̅̅ ̅̅ ̅̅ ̅

      (   ( )̅̅ ̅̅ ̅̅ ̅̅    ̅)
                                                                    (6)     
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 (:Reduction of Cooling Load)(RCL)  حمل التبريدحساب نسبة التخفيض في 
الكسب الحراري عبرالجدار ذي التجويف اليوائي  نتيجةحمل التبريد اليومي سوف يتم حساب نسبة التخفيض في 

 )بدون تجويف( وحسب المعادلة التالية : التقميدي جدار البالمقارنة مع المغمق 
 

   ( )  
    (  )̅̅ ̅̅ ̅̅ ̅̅ ̅̅       ( )̅̅ ̅̅ ̅̅ ̅̅ ̅̅

    (  )̅̅ ̅̅ ̅̅ ̅̅ ̅̅
                                                                                     (7) 

 
حيث ان معدل الحرارة الداخمة الى الحيز عبر السطح الداخمي لمجدار بواسطة الحمل والاشعاع )الكسب الحراري لمحيز( 

بالضرورة حمل التبريد لمحيز في الوقت نفسة إذ ان الكسب الحراري الاشعاعي في الحيز يمتص في وقت معين لايساوي 
. ولكن (1986)الجودي ،      جزئيا أولا في سطوح ومحتويات الحيز ولا يؤثر عمى درجة حرارة اليواء الا في وقت لاحق

، )عمى اعتبار (ASHRAE , 2001) اليوم الواحدمتوسط الكسب الحراري لمحيز يساوي متوسط حمل التبريد لمحيز خلال 
ان الظرف الخارجي وعممية انتقال الحرارة خلال الجدار متغيران خلال ساعات اليوم الواحد ولكن مستقران للايام المتتالية( 

. 
 

 :Rc) ) الهوائيمتجويف الحرارية لمقاومة معدل الحساب 
موازنة الطاقة بين متوسط معدل عن طريق اليوائي خلال اليوم وذلك متجويف الحرارية ل مقاومةال يتم حساب معدل

عن طريق الحمل والاشعاع  ومتوسط  الحرارة الداخمة الى الحيز عبر السطح الداخمي خلال اليوم لمجدار ذي التجويف
خلال الجدار بوجود  معدل الحرارة الداخمة خلال اليوم عن طريق التوصيل لمجدار وايجاد معامل انتقال الحرارة بالتوصيل

 تجويف وبالتالي يمكن حساب المقاومة الحرارية لمتجويف اليوائي وكما مبين في المعادلات التالية  :
 

   ( )̅̅ ̅̅ ̅̅ ̅       ( )̅̅ ̅̅ ̅̅ ̅̅ ̅̅                                                                                                               (8)         

 

     ( )̅̅ ̅̅ ̅̅ ̅̅ ̅̅       ( )        (   ( )̅̅ ̅̅ ̅̅ ̅     ( )̅̅ ̅̅ ̅̅ ̅)                                                              (9)          

 

     ( )  
 

     ( )
                                                                                                             (10) 

 

        ( )  (           ( )             ( ))                                                    (11)        
: ان حيث               

           ( )  (  ⁄ )       [
      

      (  )       (  )  (
 

 
)
        

          
]                  (12)  

           ( )  (  ⁄ )         [
      

      (  )       (  )  (
 

 
)
        

          
]               (13)  

 

 
 
 
 
 

 المادة ت
السمك 

(m) 

معامل المواصلة 
 (Cالحرارية )

[ W/m
2
.
o
C ] 

الكثافة 
 الكتلية

[Kg/m
3
] 

 1200 1.37 0.24 طابوق مثقب 1

 1200 2.78 0.12 طابوق مثقب 2

 المادة ت
ة صليمعامل المو

 (kالحرارية )
[ W/m.

o
C] 

الكثافة 
 الكتلية

[Kg/m
3
] 

 2050 1.08 سمنت(1رمل:2)سمنت 1

 1200 0.57 جص 2

 ( معامل الموصمية الحرارية لمواد البناء 2جدول ) ( معامل المواصمة الحرارية لمطابوق المثقب 1جدول )
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( 1( لممواد لأنيا متجانسة، في حين اعطيت في الجدول )k( اعطيت قيم الموصمية الحرارية )2ملاحظة : في الجدول )
( لمطابوق المثقب لأنيا مواد غير متجانسة حيث يصعب ايجاد معامل موصميتيا لوحدة Cقيم معامل المواصمة الحرارية )

  الطول . وتحسب المقاومة الحرارية لممواد غير المتجانسة كالتالي :  
 

 
. 

 

 النتـائــــج والمناقشــــة
 درجة حرارة السطح الداخمي لمجدران :

نلاحظ انخفاضاً لمنحني درجات الحرارة عمى مدار اليوم  لمسطح الداخمي لمجدار ذي  (6) من خلال الشكل 
فحينما يكون متوسط درجة حرارة السطح الداخمي لمجدار التقميدي خلال  التجويف المغمق بالمقارنة مع الجدار التقميدي،

( أي ان oC 27.06مغمق يكون بمعدل )نجد انو لمجدار ذي التجويف ال لمتجربتين المنفذتين( 27.51oCاليوم بمعدل )
 الحرارية . ويعود سبب ذلك الى المقاومة )تكممة((3وكما مبين في الجدول ) oC 0.45)مقدارالتخفيض الحاصل يساوي )

التي يبدييا التجويف اليوائي المغمق نتيجة لمسعة الحرارية لميواء، وكذلك الموصمية القميمة لميواء المحجوز داخل التجويف 
غمق والتي تؤخر وصول الموجة الحرارية وبالتالي تعمل عمى تقميل الحرارة الداخمة الى الحيز، حيث نلاحظ ان اقصى الم

قيمة لدرجة الحرارة التي يصميا السطح الخارجي لكلا الجدارين )تقميدي ، تجويف مغمق( بحدود الساعة الحادية عشر 
تي يصميا السطح الداخمي لمجدار التقميدي تتراوح بين الساعة الخامسة صباحاً بينما نجد ان اقصى قيمة لدرجة الحرارة ال

( )الفارق الزمني الذي تستغرقو الموجة الحرارية Time lagوالسادسة عصراً وبذلك يكون التخمف الزمني لمموجة الحرارية )
بحدود ست  (2004 العربي الموحد لمعزل الحراري )الكود (في الانتقال من السطح الخارجي لعنصر ما الى سطحة الداخمي

الى سبع ساعات بالنسبة لمجدار التقميدي، بينما نجد ان اقصى قيمة لدرجة الحرارة التي يصميا السطح الداخمي لمجدار ذي 
ساعات  التجويف اليوائي المغمق بحدود الساعة الثامنة مساءً، اي ان التخمف الزمني لمموجة الحرارية يكون بحدود تسع

لمجدار ذي التجويف المغمق. وبذلك يكون الفارق بين التخمف الزمني لمموجة الحرارية لمجدار التقميدي والجدار ذي التجويف 
 المغمق بحدود ساعتين الى ثلاث ساعات .

 (tsi∆أن مدى التغير في درجة حرارة السطح الداخمي خلال اليوم ) )تكممة((3كذلك ونلاحظ من خلال الجدول )
( اي 1.68oC) معدلعندما يكون لمجدار التقميدي ب لمتجربتين المنفذتين (1.02oC)معدل لمجدار ذي التجويف المغمق كان ب

 .(0.66oCان مقدار التخفيض الحاصل يساوي )
  درجة حرارة السطح الخارجي لمجدران:

نلاحظ أن درجة حرارة السطح الخارجي لمجدار ذي التجويف اليوائي المغمق تكون اقل من  (7) لمن خلال الشك
درجة حرارة السطح الخارجي لمجدار التقميدي )بدون تجويف( خلال النيار )الفترة الواقعة بين الساعة السادسة صباحا وحتى 

ارة السطح الخارجي لمجدار ذي التجويف المغمق تكون الساعة الثانية ظيرا تقريباً(. أما لبقية اليوم فنلاحظ بان درجة حر 
 اعمى بالمقارنة مع الجدار التقميدي.

 الحرارة الداخمة الى الحيز :
عندما يكون متوسط معدل الحرارة الداخمة الى الحيز عبر الجدار التقميدي ( نلاحظ انو 3الجدول )من خلال 

̅̅    )خلال اليوم  ̅̅ ̅̅ نجد أن متوسط معدل الحرارة الداخمة الى الحيز عبر الجدار ذي  ذتينلمتجربتين المنف (W 49) بمعدل (
̅̅    ) اليوم التجويف المغمق خلال ̅̅ ̅̅  ( تساوي )%RCL( اي ان نسبة التخفيض لحمل التبريد )W 38.5) يكون بمعدل (

( والتي تزيد من m2.oC/W 0.2والتي كانت بمعدل ) (Rcالتي يبدييا التجويف ) الحرارية ( ، وذلك بسبب المقاومة 21.5
، والتي تتراوح  ( الامريكيةASHRAEمقاومة الجدار الكمية ، وىي قيمة تقع ضمن حدود القيم التي ادرجت من قبل منظمة )

حسب درجة  m2.oC/W (0.22 – 0.15)( بين cm 5فييا قيمة المقاومة الحرارية لمتجويف اليوائي المغمق ذي السمك )
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( خلاصة لمنتائج السابقة وكذلك يبين أن قيمة معامل انتقال 3. ويبين الجدول )(ASHRAE , 2001) الانبعاثية للأسطح
 W/m2.oC (7.84-7.73) بتين كانت تتراوح بينالحرارة لمسطح الداخمي والمحسوبة خلال التجر 

 

 الاستنتاجات :
ومن خلال الحسابات يمكن من خلال التجربة المنفذة خلال شير آب عمى جداري الاختبار المواجيان للاتجاه الشرقي 

 استنتاج ما يأتي :
إن استخدام التجويف اليوائي المغمق لمجدار يعمل عمى تقميل حمل التبريد حيث بمغت نسبة التخفيض لمجدار ذي  .1

وىذا يساىم في تقميل الطاقة  بالمقارنة مع الجدار التقميدي )بدون تجويف( (% 21.5التجويف المغمق بمقدار )
 .روفة عمى اجيزة التكييفالكيربائية المص

إن استخدام التجويف اليوائي المغمق لمجدار يعمل عمى تقميل معدل درجة حرارة السطح الداخمي لمجدار خلال  .2
اليوم مما يقمل من حمل التبريد لمحيز ويعطي شعورا افضل لمراحة الحرارية للأشخاص الموجودين داخل الحيز 

تغير في درجة الحرارة لمسطح الداخمي لمجدار خلال اليوم مما يعني المكيف ، وكذلك يعمل عمى تخفيض مدى ال
تخميد الموجة الحرارية لمسطح الداخمي وبالتالي نحصل عمى توزيع جيد )قميل التباين( لاحمال التبريد خلال اليوم 

وسيمة عمى  وىذا يعمل عمى استقرارية وتقميل التذبذب في عمل اجيزة التكييف خلال اليوم ويعطينا سيطرة جيدة
 . درجة الحرارة في  تكييف اليواء

وىي قيمة   (m2.oC/W 0.2كانت بمعدل ) ن قيمة المقاومة الحرارية المحسوبة لمتجويف اليوائي المغمق لمجدارا .3
 .( الامريكية ASHRAEتقع ضمن حدود القيم المعتمدة من قبل منظمة )

بوجود تجويف مغمق والجدار التقميدي يكون بحدود ساعتين الفارق بين التخمف الزمني لمموجة الحرارية لمجدار  .4
 الى ثلاث ساعات .

 
 

 

 
- ASHRAE "ASHRAE Fundamentals Handbook" Atlanta, American Society of Heating 

Refrigeration and Air-Conditioning Engineers, Inc, (2001). 

 

- Aviram, D.P., Fried, A.N., and Roberts, J.J., 2001, Thermal Properties of a Variable Cavity 

Wall, Building and Environment, Vol. 36, No. 9, PP. 1057–1072. 

 

- Manz, H. 2003, Numerical Simulation of Heat Transfer by Natural Convection in Cavities 

of Facade Elements. Energy and Buildings, Vol. 35, No. 3, pp. 305-311. 

 

- El Hassan Ridouane and Marcus, V.A., (2011), Thermal performance of Uninsulated and 

Partially Filled Wall Cavities,  ASHRAE Annual Conference Montreal, Quebec 2011. 

 

- Robinson, H. E., Powlitch, F. J., and Dill, R.S., 1954, The thermal insulating value of 

airspaces, Housing Research Paper 32, Housing and Home Finance Agency. 

 

 ( .2113"مدونة العزل الحراري" مدونة بناء عراقية، وزارة الاعمار والاسكان، وزارة التخطيط الطبعة الاولى, ) -

 

 (.1891والتثميج" ، )خالد احمد "مبادئ ىندسة تكييف اليواء ، الجودي  -

 

 المصادر:
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،  "الكودات العربية الموحدة لتصميم وتنفيذ المباني، كودة العزل الحراري" مجمس وزراء الإسكان والتعمير العرب -
(2114). 

 

 الوحدة المعنى الرمز
Awall مساحة الجدار m2 

Abrick(12) (  12مساحة الوجو الخارجي لمطابوق بسمكcm) m2 

Abrick(24) (  24مساحة الوجو الخارجي لمطابوق بسمكcm) m2 

Acement.m(12) ( 12مساحة الوجو الخارجي لطبقة المصق لمطابوق بسمكcm) m2 

Acement.m(24) ( 24مساحة الوجو الخارجي لطبقة المصق لمطابوق بسمكcm) m2 

lgypsum سمك طبقة البياض الداخمي بالجص m 
lcement.p  المبخ الخارجي بالسمنتسمك طبقة m 
lcement.m سمك طبقة المصق بالسمنت بين الطابوق m 

Tsi درجة حرارة السطح الداخمي لمجدار oC 
Tso درجة حرارة السطح الخارجي لمجدار oC 

Ti درجة حرارة الحيز oC 
hi معامل انتقال الحرارة لمسطح الداخمي W/m2.oC 

Uwall  لمجدارمعامل انتقال الحرارة W/m2.oC 
Rwall المقاومة الحرارية لمجدار m2.oC/W 
Rineer المقاومة الحرارية لمجزء الداخمي لمجدار m2.oC/W 
Router المقاومة الحرارية لمجزء الخارجي لمجدار m2.oC/W 

Rc المقاومة الحرارية لمتجويف اليوائي لمجدار m2.oC/W 

Qcond 
التوصيل من السطح الخارجي الى معدل الحرارة المنتقمة بواسطة 

 السطح الداخمي لمجدار
W 

Qin معدل الحرارة المنتقمة من السطح الداخمي لمجدار الى الحيز W 

RCL 
 نسبة التخفيض في حمل التبريد

(Reduction of cooling load) % 

Cbrick(12) ( 12معامل المواصمة الحرارية لمطابوق بسمك cm) W/m2.oC 
Cbrick(24) ( 24معامل المواصمة الحرارية لمطابوق بسمك cm) W/m2.oC 
Kcement.p معامل الموصمية الحرارية لسمنت المبخ الخارجي W/m.oC 
Kcement.m معامل الموصمية الحرارية لسمنت طبقة المصق W/m.oC 

Kgypsum معامل الموصمية الحرارية لمجص W/m.oC 
∆tsi  مدى التغير في درجة حرارة السطح الداخمي لمجدار خلال اليومoC 

 الرموز المستخدمة
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( =tsi max – tsi min  ) 
 الرموز السفمية

  الجدار التقميدي ) بدون تجويف ( 1
  اليوائي المغمق الجدار ذي التجويف 2

 الرموز العموية
  المتوسط خلال اليوم ¯¯¯

تجوف مغلق لجدار تقليدي )بدون تجويف( وجدار بوجود  لخارجي( توزيع درجات الحرارة للسطح ا7الشكل )

 للتجربتين المنفذتين 

 

 

تجوف مغلق لجدار تقليدي )بدون تجويف( وجدار بوجود  لداخلي( توزيع درجات الحرارة للسطح ا6الشكل )

 للتجربتين المنفذتين 
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 ذطىٌز أداء ذُفٍذ انهٍاكم انخزساٍَح فً لطاع انرشٍٍذ فً انعزاق تاسرخذاو انرمٍُح الإدارٌح انحذٌثح 

(Six Sigma) 
 حسٍ عثذ انصاحة يهذي                                                                                               انعجٍهً          تزٌسى حاذى خهٍفح  أ. و. د.      

  و١ٍخ إٌٙلٍخ -عبِؼخ ثغلاك                                                                                                     لَُ اٌشإْٚ إٌٙل١ٍخ   -عبِؼخ ثغلاك      

 لَُ إٌٙلٍخ اٌّل١ٔخ             

 

 خلاصحان

به٠غ ا٦ٔشبئ١خ فٟ اٌؼواق ئٌٝ ؽبعزٙب ٌزط٠ٛو ا٤كاء ٤عً رؾ١َٓ َِزٜٛ اٌغٛكح ٚرم١ًٍ اٌؼ١ٛة ٠ش١و اٌٛالغ ا١ٌّلأٟ ٌٍّش 

ٚا٤فطبء ٚا١ٌَطوح ػٍٝ اٌٛلذ ٚاٌىٍفخ، ٌنا فاْ ٕ٘بن ؽبعخ ٌزطج١ك أٍب١ٌت فؼبٌخ فٟ ٘نا اٌّغبي، ِٓ ا٤ٍب١ٌت اٌزٟ ٠ّىٓ رطج١مٙب ٘ٛ 

ٌٝ رط٠ٛو ا٤كاء ٚرؾ١َٓ اٌغٛكح ثبٌَٕجخ ٌٍّشبه٠غ ا٦ٔشبئ١خ ِٓ ف٩ي رؾ١َٓ ٠ٙلف ٘نا اٌجؾش ئ(. Six Sigmaأٍٍٛة ٍزخ ١ٍغّب )

ا٤كاء فٟ أػّبي رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ اػزّبكا ػٍٝ ِٕٙغ١خ ٍزخ ١ٍغّب، ٌٚغوع رؾم١ك ٘لف اٌجؾش فمل اػزّل اٌجبؽش أ٨ٚ ػٍٝ 

ٚصب١ٔب ػٍٝ وٕظبَ ٠ؼًّ ػٍٝ رم١ًٍ اٌؼ١ٛة ٚرؾ١َٓ اٌغٛكح اٌلهاٍخ إٌظو٠خ اٌشبٍِخ ٌّفب١ُ٘ اٌغٛكح صُ اٌؾل٠ش ػٓ ِٕٙغ١خ ٍزخ ١ٍغّب 

اٌزٟ لبَ ثٙب اٌجبؽش ػٓ ؽو٠ك أعوائٗ ٩ٌٍزج١بْ اٌّفزٛػ اٌّزّضً ثبٌّمبث٩د اٌزٟ أعوا٘ب اٌجبؽش ِغ شو٠ؾخ ِٓ  اٌلهاٍخ ا١ٌّلا١ٔخ

زّبهح اٍزج١بْ ِغٍك اشزٍّذ ػٍٝ ِؾبٚه اٍزطبع ِٓ ف٩ٌٙب رظ١ُّ اٍ إٌّٙل١ٍٓ ِٓ مٚٞ اٌقجوح فٟ ِغبي رٕف١ن اٌّشبه٠غ ا٦ٔشبئ١خ

اٌجؾش اٌوئ١َخ ٚرُ رٛى٠ؼٙب ػٍٝ ػ١ٕٗ ِقزبهح ِٓ إٌّٙل١ٍٓ ِٓ مٚٞ اٌقجوح فٟ ٘نا اٌّغبي. وّب لل لبَ اٌجبؽش ثزطج١ك ِٕٙغ١خ 

(DMAIC)  ثغلاك( ٟٚ٘ ئؽلٜ ا٤ٍب١ٌت اٌّؼزّلح ٌزطج١ك ٍزخ ١ٍغّب ػٍٝ اٌؾبٌخ اٌلها١ٍخ )ِشوٚع ِقزجو ا٦ٔشبءاد فٟ عبِؼخ

ٌغوع رؾل٠ل أُ٘ اٌؼ١ٛة اٌزٟ لل رظٙو ػٕل رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ ٚرم١١ُ َِزٜٛ عٛكح رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ صُ رؾ١ًٍ أٍجبة ؽلٚس 

٘نٖ اٌؼ١ٛة ٚالزواػ ئعواءاد ٌزط٠ٛو ا٤كاء ٚرؾ١َٓ اٌغٛكح اػزّبكا ػٍٝ اٌَّؼ ا١ٌّلأٟ اٌنٞ رُ ئعواءٖ. رٛطً اٌجبؽش ئٌٝ ػلك ِٓ 

ٚػلك اٌؼ١ٛة ٌىً ١ٍِْٛ فوطخ ٌؾلٚس اٌؼ١ت ٘ٛ  2..5بعبد أّ٘ٙب أْ َِزٜٛ ١ٍغّب ٌٍؾبٌخ اٌلها١ٍخ اٌزٟ رُ افز١به٘ب ٘ٛ ا٨ٍزٕز

 ٠ٚؼزجو َِزٜٛ ١ٍغّب ٘نا ل٩١ٍ علا َٚٔجخ اٌؼ١ٛة وج١وح ِّب ٠لي ػٍٝ رلٟٔ َِزٜٛ اٌغٛكح ٌٍؾبٌخ اٌلها١ٍخ. 599312
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ABSTRACT 

The reality of the field of construction projects in Iraq refers to needing for the development of 

performance in order to improve quality and reduce defects and errors and to control the time and cost, 

so there is needing for the application of effective methods in this area, one of the methods that can be 

applied in this area is the manner of Six Sigma. This research aims to enhance the performance and 

quality improvement for the construction projects by improving performance in the work of the 

implementation of the concrete structure depending on the Six Sigma methodology, and for the purpose 

of achieving the aim of the research, the researcher firstly depends on the theoretical study that include 

the concepts of quality and the Six Sigma methodology as a system aims to reduce defects and improve 

the quality and secondly on the field study carried out by the researcher through conducting the open 

questionnaire that include interviews conducted by the researcher with a slice of engineers experienced 

in the implementation of construction projects that leads to design closed questionnaire included the 
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major axes of  the research and distributed on a selected sample of engineers with expertise in this area. 

The researcher applying the (DMAIC) methodology is one of the methods adopted for the application 

of Six Sigma on the case study (the project of structures laboratory at University of Baghdad) for the 

purpose of identifying the most important defects that may appear in the implementation of the 

concrete structure and assess the quality of implementation of the concrete structure and then analyzing 

the causes of these defects and propose procedures to enhance the performance and quality 

improvement depending on the field survey was conducted. The most important research conclusions 

are sigma level for the case study is 2.35 and the number of defects per million opportunities is 211905 

and this Sigma level is very small which indicates the low level of quality for the case study. 

Keywords : performance, concrete structures, quality management, six sigma,  

 

  يمذيح

اىكاكد فٟ ا٢ٚٔخ ا٤ف١وح أ١ّ٘خ رطج١ك ِفب١ُ٘ اٌغٛكح اٌؾل٠ضخ ففٟ ظً إٌّبفَخ اٌؼب١ٌّخ ٚاٌضٛهح اٌؼ١ٍّخ ٚاٌزىٌٕٛٛع١خ ٚاٌّؼوف١خ 

أطجؾذ إٌّظّبد رزَبهع ٚرزَبثك ٩ٌهرمبء ثَّزٜٛ اٌّقوعبد ٚاٌقلِبد اٌزٟ رملِٙب ٌؼ٩ّئٙب ٌزؾمك ِىبٔخ ِز١ّيح ٌٙب ػٍٝ اٌَّزٜٛ 

فاْ ٕ٘بن ؽبعخ ٌزجٕٟ ِفب١ُ٘ اٌغٛكح ٚرطج١ك ا٤ٍب١ٌت  اٚاٌؼبٌّٟ ٤ْٚ لطبع اٌزش١١ل ٠ؾزً ِىبٔخ ِز١ّيح ث١ٓ ثبلٟ اٌمطبػبد ٌن اٌّؾٍٝ

اٌّزملِخ ٦كاهح اٌغٛكح ٚرؾ١َٓ ا٤كاء فٟ ٘نا اٌمطبع. ئْ اٌؼل٠ل ِٓ أٍب١ٌت رؾ١َٓ اٌغٛكح لل ؽجمذ فٟ اٌظٕبػخ ا٦ٔشبئ١خ ِٓ أعً 

ب ِٚٓ ٘نٖ ا٤ٍب١ٌت اٌزٟ ٠ّىٓ رطج١مٙب ٘ٛ أٍٍٛة ٍزخ ١ٍغّب اٌنٞ ٠ؼًّ ػٍٝ رم١ًٍ ا٨ٔؾوافبد ٚاٌزقٍض ِٓ رؾ١َٓ ئكاهح أكائٙ

ا٤ٍجبة اٌغنه٠خ ٌؾلٚس اٌؼ١ٛة، ثق٩ف أٍب١ٌت رؾ١َٓ اٌغٛكح ا٤فوٜ فاْ أٍٍٛة ٍزخ ١ٍغّب ٠ؼًّ ػٍٝ ل١بً َٔجخ اٌؼ١ت ٚرؾ١ًٍ 

 شبئ١خ. ا٤كاء ٚرؾ١َٓ َِزٜٛ اٌغٛكح فٟ اٌّشبه٠غ ا٦ٔ

 

 فزضٍح انثحث

٠ّىٓ ط١بغخ فوػ١خ اٌجؾش ثبٌظٛهح ا٢ر١خ4 )ٕ٘بن ػؼف ٚاػؼ فٟ ئكاهح اٌّشبه٠غ ا٦ٔشبئ١خ ف١ّب ٠قض ِزبثؼخ ِٚوالجخ ٚػجؾ 

اٌّشبه٠غ ا٦ٔشبئ١خ ِّب ٠إكٞ ئٌٝ ظٙٛه ِشبوً ٚػ١ٛة ػل٠لح ثؼل اٌزٕف١ن ٚ٘نا ٠زطٍت اٌؼًّ  اٌغٛكح ٤ػّبي رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ فٟ

ٍٝ رؾ١َٓ أكاء ئكاهح اٌّشبه٠غ ٚرؾ١َٓ اٌغٛكح ٌّٕغ ؽلٚس رٍه اٌؼ١ٛة اػزّبكا ػٍٝ رم١ٕبد ِٕٚٙغ١بد ئكاه٠خ ٚئؽظبئ١خ ؽل٠ضخ ِٕٚٙب ػ

 ِٕٙغ١خ ٍزخ ١ٍغّب(. 

 

 أهذاف انثحث

 ٠ّىٓ رؾل٠ل أ٘لاف اٌجؾش ثّب 4ٍٟ٠ 

( ٟٚ٘ أُ٘ إٌّٙغ١بد DMAICكا ػٍٝ ِٕٙغ١خ )رم١١ُ َِزٜٛ أكاء ٚعٛكح رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ ٌٍّشبه٠غ ا٦ٔشبئ١خ اػزّب  -9

 اٌّؼزّلح فٟ رطج١ك ٍزخ ١ٍغّب )ِشوٚع ِقزجو ا٦ٔشبءاد فٟ عبِؼخ ثغلاك فٟ اٌغبكه٠خ وؾبٌخ كها١ٍخ(. 

رؾ١ًٍ ا٤ٍجبة اٌوئ١َخ اٌَّججخ ٌٍؼ١ٛة اٌزٟ رظٙو ػٕل رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ اػزّبكا ػٍٝ ا٤كٚاد ا٦ؽظبئ١خ اٌزٟ رٛفو٘ب   -5

 ٍزخ ١ٍغّب. ِٕٙغ١خ

 فٟ أػّبي رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ.الزواػ ئعواءاد ٌزؾ١َٓ ا٤كاء ٚرؾم١ك اٌغٛكح   -.

 

 :انعىايم انزئٍسح انًؤثزج عهى أداء انًشارٌع الإَشائٍح 

(. ثظٛهح ػبِخ ٕ٘بن ص٩س ػٕبطو هئ١َخ ٠غت رؾم١مٙب فٟ أٞ ِشوٚع ئٔشبئٟ ٟ٘ )اٌىٍفخ ا٤لً، ا٨ٔغبى ا٤ٍوع، ٚإٌٛػ١خ ا٤فؼً

ؽ١ش ِٓ اٌظؼت رؾم١ك رٍه اٌؼٕبطو اٌض٩س فٟ أْ ٚاؽل ٚمٌه وْٛ اٌىٍفخ اٌٛاؽئخ رؼٕٟ ػبكح ٔٛػ١خ ػًّ ثَّزٜٛ ألً ٚٚلذ ئٔغبى 

ؽ٠ًٛ َٔج١ب، وّب رؼٕٟ إٌٛػ١خ أٚ اٌغٛكح اٌؼب١ٌخ وٍفخ ػب١ٌخ ِٚلح ؽ٠ٍٛخ ٩ٌٔغبى ٠ٚؼٕٟ ا٦وّبي اٌَو٠غ ٌٍّشوٚع ػبكح وٍفخ ػب١ٌخ 

 ٜ أٚؽأ.ٚٔٛػ١خ ػًّ ثَّزٛ

 

 انكهفح    

رؼزجو ِٓ اٌؼٕبطو ا٤ٍب١ٍخ فٟ أٞ ِشوٚع اٍزضّبهٞ أٚ ػبَ ِٕٚٙب اٌّشبه٠غ ا٦ٔشبئ١خ. ئم ٠جلأ اٌظوف ػٍٝ اٌّشوٚع ِٕن ِوؽٍخ 

 اٌلهاٍبد ا١ٌٚ٤خ ِوٚها ثىبفخ اٌّواؽً اٌزٟ ٠ّو ثٙب اٌّشوٚع.

ثٙب اٌّشوٚع أٚ اٌزم١ًٍ ِٕٙب ٍٛف رإصو رأص١وا ٍٍج١ب أٚ ئ٠غبث١ب  ئْ أٞ ى٠بكح أٚ ِجبٌغخ فٟ اٌّظوٚفبد ف٩ي أؽلٜ اٌّواؽً اٌزٟ ٠ّو

ػٍٝ ؽبٌخ اٌّشوٚع ِٓ ؽ١ش اٌٛلذ ٚإٌٛػ١خ )اٌغٛكح(، ئْ اٌزم١ًٍ فٟ اٌّظوٚفبد ثشىً غ١و ِلهًٚ ٠إصو رأص١وا ٍٍج١ب ػٍٝ ِواؽً 
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فبد ػٍٝ إٌٛػ١خ ٚاٌٛلذ أ٠ؼب ٌفمواد رٕف١ن رٕف١ن اٌّشوٚع ٠ٚىْٛ مٌه ػٍٝ ؽَبة إٌٛػ١خ أٚ اٌٛلذ، ونٌه رإصو اٌي٠بكح فٟ اٌّظوٚ

 (.2000)أيٍٍ، اٌؼًّ. فّٓ اٌّّىٓ رم١ًٍ ِلح ا٦ٔغبى ٌٍّشوٚع ثبشزغبي ٍبػبد ػًّ ئػبف١خ أٚ ٚعجبد ػًّ ئػبف١خ 

 انىلد
ز٠ًّٛ، ٌٚىٟ اٌٛلذ ٘ٛ اٌّلح ا٩ٌىِخ ٌٍٛطٛي ئٌٝ اٌٙلف، ؽ١ش ٨ ٠قفٝ ػٍٝ أؽل أ١ّ٘خ ٚلذ اٌمٜٛ اٌؼبٍِخ ٚاٌّىبئٓ ٚاٌّؼلاد ٚاٌ

 (.2000)أيٍٍ، رَزؼًّ ٘نٖ اٌّزغ١واد ٚفك ٔظُ ِؾلكح ٚوفبءح ػب١ٌخ ٚثألً وٍفخ ِّىٕخ ٠غت أْ ٠ىْٛ اٌيِٓ ِٕبٍجب ٚثألظو ِب ٠ّىٓ 

 

 انجىدج )انُىعٍح(

بفَخ اٌؼب١ٌّخ ٌمل أطجؼ ِٛػٛع اٌغٛكح ِٓ أُ٘ اٌّٛػٛػبد اٌزٟ رُ اٌزوو١ي ػ١ٍٙب ف٩ي اٌؼمل ا٤ف١و ِٓ اٌموْ اٌّبػٟ، ففٟ ظً إٌّ

ٚاٌضٛهح اٌؼ١ٍّخ ٚاٌزىٌٕٛٛع١خ ٚاٌّؼوف١خ أطجؾذ إٌّظّبد ا٢ْ رزَبهع ٚرزَبثك ٩ٌهرمبء ثَّزٜٛ اٌّقوعبد ٚاٌقلِبد اٌزٟ رملِٙب 

 ٌؼ٩ّئٙب ٌزؾمك كهعخ اٌز١ّي.

شٟء ٚكهعخ اٌظ٩ثخ ٟٚ٘ ٚاٌزٟ رؼٕٟ ؽج١ؼخ اٌشقض أٚ ؽج١ؼخ اٌ (Qualitas)( ئٌٝ اٌىٍّخ ا٩ٌر١ٕ١خ ٠Qualityوعغ ِفَٙٛ اٌغٛكح )

ٚلل  (2002)انسلاًٌح، رؼٕٟ أ٠ؼب اٌللخ ٚا٦رمبْ ِٓ ف٩ي اٌزظ١ٕغ ٣ٌصبه اٌزبه٠ق١خ ٚاٌزّبص١ً ٚاٌم٩ع ٚاٌمظٛه ٤غواع اٌزفبفو 

خ اؽز١بعبد افزٍفذ ا٢هاء ؽٛي رؼو٠ف اٌغٛكح ٌىٕٙب فٟ اٌٛالغ ٌُ رقوط ػٓ ٔطبق اٌزؼبه٠ف ا٢ر١خ4 "٩ِئّخ إٌّزٛط ٩ٌٍزقلاَ" ، "رٍج١

اٌيثبئٓ" ، "أْ ٠ؼًّ إٌّزٛط ثظٛهح طؾ١ؾخ ِٚٓ اٌّوح ا٤ٌٚٝ ٨ٍزقلاِٗ" ، "رم١ًٍ اٌزجب٠ٓ" ٚغ١و٘ب ِٓ اٌزؼبه٠ف ا٤فوٜ اٌزٟ 

 (.2002)انحذاد، ٠ّىٓ ا٤فن ثٙب ع١ّؼبً وٛٔٙب غ١و ِزٕبلؼخ 

 

 إدارج انجىدج انشايهح

ٌؼ١ٍّبد، ئم أٔٙب رَبػل ػٍٝ ثٕبء اٍزوار١غ١بد ٌٍز١ّي، اٌىٍفخ اٌٛاؽئخ، ٚا٨ٍزغبثخ رؼل فٍَفخ ئكاهح اٌغٛكح اٌشبٍِخ أكاح هائؼخ ٌزؾ١َٓ ا

اٌَو٠ؼخ ٚئْ رطج١مٙب ٠زطٍت ِغّٛػخ ٔبعؾخ ِٓ ا٤ٔشطخ رجلأ ثبٌج١ئخ اٌزٕظ١ّ١خ اٌزٟ روػٝ اٌغٛكح، ِزجٛػخ ثفُٙ ِجبكب اٌغٛكح ِٚٓ صُ 

اٌغٛكح، ٚػٕل أغبى رٍه ا٤ٔشطخ ثشىً طؾ١ؼ فاْ إٌّظّخ ٍزوػٟ ىثبئٕٙب ثني اٌغٙل فٟ ئشوان اٌؼب١ٍِٓ فٟ ا٤ٔشطخ اٌوئ١َخ ٌزٕف١ن 

 (.2002)انحذاد، ٍٚزؾظً ػٍٝ ١ِيح رٕبف١َخ 

ثأٔٙب صمبفخ رؼيى ِفَٙٛ ا٨ٌزياَ اٌىبًِ رغبٖ  (Logothetis, 1992)ٚلل ػوفذ ئكاهح اٌغٛكح اٌشبٍِخ ثزؼبه٠ف ِزؼلكح ِٕٙب ِب ػوفٙب 

ٚلل ػوفٙب ِؼٙل اٌّمب١٠ٌ اٌجو٠طبٟٔ  (2002)انطائً ولذادج، اٌَّزّو ٚا٦ثلاع فٟ وبفخ ِغب٨د اٌؼًّ هػب اٌؼ١ًّ ِٓ ف٩ي اٌزؾ١َٓ 

ثأٔٙب فٍَفخ ئكاه٠خ رشًّ وبفخ ٔشبؽبد إٌّظّخ اٌزٟ ِٓ ف٩ٌٙب ٠زُ رؾم١ك اؽز١بعبد ٚرٛلؼبد اٌؼ١ًّ ٚاٌّغزّغ، ٚرؾم١ك أ٘لاف إٌّظّخ 

ٚلل  (2002)يجٍذ وانشٌاداخ، قلاَ ا٤ِضً ٌطبلبد ع١ّغ اٌؼب١ٍِٓ ثلافغ َِزّو ٌٍزط٠ٛو ثأوفأ اٌطوق ٚألٍٙب رىٍفخ ػٓ ؽو٠ك ا٨ٍز

ثأٔٙب ئكاهح إٌّظّخ وىً ثؾ١ش رىْٛ ِّزبىح فٟ وً أٚعٗ إٌّزغبد ٚاٌقلِبد ماد ا١ّ٘٤خ  (Heizer & Render, 2001)ػوفب٘ب 

 (.2002)انطائً ولذادج، ٌٍَّزٍٙه 

 
 يثادئ إدارج انجىدج انشايهح

 (Dahlgaard & others, 2007 4)فٟ  اٌّزّضٍخ اٌّجبكب ِٓ ِغّٛػخ ػٍٝ اٌشبٍِخ اٌغٛكح ئكاهح ٔظبَ ٠َمٛ

 اٌزياَ ا٦كاهح اٌؼ١ٍب (9

 اٌزوو١ي ػٍٝ اٌؼ٩ّء ٚاٌّٛظف١ٓ (5

 اٌمواهاد اٌّج١ٕخ ػٍٝ اٌؾمبئك (.

 اٌزؾ١َٓ اٌَّزّو (4

 ِشبهوخ ع١ّغ اٌؼب١ٍِٓ فٟ إٌّظّخ (2

 

 (Six Sigma)سرح سٍجًا 

ٚعبءد ٔز١غخ ٌٍٍََخ ِٓ اٌزغ١واد فٟ ػبٌُ اٌغٛكح اثزلأد ِٓ أٚافو ػبَ  9321ٍزخ ١ٍغّب ِٓ لجً شووخ ِٛرٛه٨ ػبَ أؽٍمذ ِٕٙغ١خ 

 Robertغبٌفٓ ) ٍُٙ اٌّل٠و اٌزٕف١نٞ ٌٍشووخ هٚثودؽ١ش رُ رط٠ٛو ٘نا إٌّٙظ ِٓ لجً ا٦كاهح اٌؼ١ٍب ٌٍشووخ ٚػٍٝ هأ 9311

Galvin )(Park, 2003) ،ٌزٕف١نٞ ٌٍشووخ ِغ ِٕٙلٍٟ اٌشووخ ٠زملُِٙ إٌّٙلً ث١ً ٍّشؽ١ش للَ اٌّل٠و ا (Bill Smith رمو٠وا )

ؽٛي َِزٜٛ اٌغٛكح اٌزم١ٍل٠خ ٠ٛػؼ ثأْ ل١بً ػلك اٌؼ١ٛة فٟ ا٤ٌف فوطخ ٨ ٠ٍجٟ ِزطٍجبد ٚؽبعبد اٌؼ١ًّ ٌٚؾً ٘نٖ اٌّشىٍخ ؽٍجٛا 

اٌّؼ١به اٌغل٠ل ٚأٚعلد ِٕٙغ١خ ٌنٌه، ٚػٍّذ ػٍٝ رغ١١و  ل١بً ػلك اٌؼ١ٛة ٌىً ١ٍِْٛ فوطخ، ِٚٓ ٕ٘ب ؽٛهد شووخ ِٛرٛه٨ٚ ٘نا

صمبفخ اٌشووخ ٌز٩ئُ إٌّٙغ١خ اٌغل٠لح ٚثنٌه وبْ ٌٙب ٌٍّٕٚٙلً ٍّش اٌفؼً فٟ ئ٠غبك ٍزخ ١ٍغّب ٚاٌزٟ رؾًّ ػ٩ِخ رغبه٠خ ثبٍُ 

خ ِٛرٛه٨، ٚؽظٛي اٌشووخ ػٍٝ ٚوبٔذ إٌز١غخ ى٠بكح ِنٍ٘خ فٟ َِز٠ٛبد اٌغٛكح ٌؼلح ِٕزغبد فٟ شوو (2011)انزاوي، ِٛرٛه٨ٚ 

)انمشاس وآخزوٌ،  9322( فٟ ػبَ Malcolm Baldrige National Quality Awardعبئيح ِبٌىٌُٛ ثبٌله٠ظ اٌم١ِٛخ ٌٍغٛكح )
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ى٠بكح فٟ ؽغُ اٌّج١ؼبد ثّملاه فَّخ أػؼبف ِب وبٔذ  9331ئٌٝ ػبَ  9321. ٌمل ؽممذ شووخ ِٛرٛه٨ فٟ اٌفزوح ِب ث١ٓ ػبَ (2002

١ٍِبه ك٨ٚه ف٩ي ٘نٖ اٌفزوح ٔز١غخ ٌزطج١ك  94% ٠ٍٕٛب ٚلل ٚفود ِٛرٛه٨ ِجٍغب للهٖ 51ٍبثمب ِغ ريا٠ل ا٤هثبػ ثّب ٠موة ِٓ ػ١ٍٗ 

وبْ اٌؼل٠ل ِٓ شووبد اٌمّخ اٌؼب١ٌّخ لل ثبكهد ٌزطج١ك ٍزخ ١ٍغّب  5111. ِٚغ ؽٍٛي اٌؼبَ (Khan, 2005)ِٕٙغ١خ ٍزخ ١ٍغّب 

 . (2002)انمشاس وآخزوٌ، ١ٍِبه ك٨ٚه  911اٌّلفواد اٌؼب١ٌّخ ثٛاٍطخ ٔظبَ ٍزخ ١ٍغّب أوضو ِٓ  ثٍغ ِغّٛع .511ٚثؾٍٛي اٌؼبَ 

 
 يفهىو سرح سٍجًا

ػ١ت ٌىً  4..رؼل ٍزخ ١ٍغّب ِفَٙٛ ئؽظبئٟ ٠ؼًّ ػٍٝ ل١بً َِزٜٛ ا٤كاء ٌٍؼ١ٍّبد اػزّبكا ػٍٝ ػلك اٌؼ١ٛة ٚ٘لفٙب اٌٛطٛي ئٌٝ 

( وّب أٔٙب رّضً فٍَفخ ئكاهح رووي ػٍٝ اٌزقٍض ِٓ ١ٍِdefects per million opportunities( )DPMOْٛ فوطخ ٌؾلٚس اٌؼ١ت )

 .(Brue, 2006)اٌؼ١ٛة ػٓ ؽو٠ك اٌزوو١ي ػٍٝ فُٙ ٚل١بً ٚرؾ١َٓ اٌؼ١ٍّبد 

ّٚ٘ب اٌّطٛهاْ اٌوئ١َ١بْ ٌجؤبِظ ٍزخ ١ٍغّب فٟ ِٛرٛه٨ ٍزخ ١ٍغّب  (Harry & Schroeder, 2000)ػوف ٘بهٞ ٚ شوٚكه 

 Pheng)ؽو٠مخ ِٕؼجطخ ٚطبهِخ ٌٍغب٠خ رَزقلَ عّغ اٌج١بٔبد ٚاٌزؾ١ًٍ ا٦ؽظبئٟ ٌزؾل٠ل ِظبكه ا٤فطبء ٍٚجً اٌمؼبء ػ١ٍٙب ثأٔٙب 

& Hui, 2004) .ٞوّب ػوف شٛكه (Chowdhury, 2001)  ٍزخ ١ٍغّب ثأٔٙب ِم١بً ئؽظبئٟ ٚفٍَفخ ئكاهح رؼٍُّ اٌّٛظف١ٓ و١ف١خ

ٍّٟ ، ٚو١ف١خ اٌّؾبفظخ ػٍٝ َِزٜٛ ا٤كاء اٌغل٠ل اٌنٞ ٚطٍٛا ئ١ٌٗ ٟٚ٘ رؼطٟ ا٨ٔؼجبؽ رؾ١َٓ اٌطو٠مخ اٌزٟ ٠ؼٍّْٛ ثٙب ثشىً ػ

٠ٚوٜ اٌجبؽش ئِىب١ٔخ رؼو٠ف ٍزخ . (Pheng & Hui, 2004)ٚاٌزٕظ١ُ ٚا٤ٍبً ٨رقبم لواه طبئت اػزّبكا ػٍٝ ئؽظبءاد ث١َطخ 

ٓ ف٩ي عّغ اٌج١بٔبد ٚاٌزؾ١ًٍ ا٦ؽظبئٟ ٌزؾل٠ل ِظبكه ٚرم١ًٍ ا٤فطبء ِ ٠ؼًّ ػٍٝ رؾ١َٓ ا٤كاء ١ٍغّب ػٍٝ أٔٙب ٔظبَ ِزىبًِ

بٌّٕظّخ ئٌٝ رمل٠ُ فلِبد أٚ ٍٍؼب فب١ٌخ ِٓ اٌؼ١ٛة رمو٠جب ٨ٔقفبع َٔجخ اٌؼ١ٛة ا٤فطبء ٍٚجً اٌمؼبء ػ١ٍٙب، ٚثبٌزبٌٟ فأٙب رإكٞ ث

ثبٍزّواه ٚرؾ١َٓ اٌغٛكح ٚرؾم١ك  ػ١ت ٌىً ١ٍِْٛ فوطخ ٌؾلٚس اٌؼ١ت ٟٚ٘ ثنٌه رؼًّ ػٍٝ ففغ اٌزىب١ٌف 4..فٟ ٍزخ ١ٍغّب ئٌٝ 

  هػب اٌيثبئٓ.

( ٚاٌنٞ ٠ّضً ثشىً ِٕؾٕٟ standard normal distributionاشزمذ فىوح ٍزخ ١ٍغّب ِٓ رٛى٠غ ئؽظبئٟ ٠ؼوف ثبٌزٛى٠غ اٌطج١ؼٟ )

ا٨رغب١٘ٓ. وً لطؼخ ٠ّضً إٌّؾٕٟ اٌّغزّغ ثأوٍّٗ ثٍٍََخ ٨ ِزٕب١٘خ ِٓ اٌمطغ فٟ و٩  .(1انشكم )ظو ػٍٝ شىً عوً وّب فٟ ِزٕب

 .(Tehrani, 2010)ٚ ٟ٘ أؾواف ػٓ اٌٍٛؾ اٌؾَبثٟ ثبٌّفَٙٛ ا٦ؽظبئٟ  ”σ“" ٚ ٠وِي ٌٙب Sigmaرَّٝ ١ٍغّب "

إٌّزغبد ٚاٌقلِبد اٌزٟ رمغ فبهط اٌّٛاطفبد اٌّؾلكح  ػٓ ٚاٌزٟ رؼجو 6σثأْ ِٕطمخ اٌوفغ رمغ فبهط ؽلٚك  (1انشكم )٠زؼؼ ِٓ 

ٚرّضً إٌّزغبد أٚ اٌقلِبد اٌزٟ رمغ  6σفوطخ ٌؾلٚس اٌؼ١ت أِب ِٕطمخ اٌمجٛي فٟٙ اٌزٟ رمغ كافً ؽلٚك ػ١ت ٌىً ١ٍِْٛ  4..ٚرّضً 

  . َِزٜٛ ١ٍغّب ِٚب ٠مبثٍٗ ِٓ ػلك اٌؼ١ٛة ٌىً ١ٍِْٛ فوطخ ٌؾلٚس اٌؼ١ت (1انجذول )٠ٛػؼ ػّٓ اٌّٛاطفبد اٌّؾلكح. ٚ

 (9ثبٌّؼبكٌخ ) (DPMO) ٌؼ١ٛة ٌىً ١ٍِْٛ فوطخ ٌؾلٚس اٌؼ١ت( ٚػلك ا٠ٚSigma( )σّىٓ رٛػ١ؼ اٌؼ٩لخ ث١ٓ ِملاه ١ٍغّب )

(Niaraki, 2010)  4ٍٟٚوّب ٠ 

 

 (σَِزٜٛ ) = 1.2410 + (................................................................9)

 أهذاف سرح سٍجًا

 (: Pande & Holpp, 2002)٠ّىٓ رٍق١ض أ٘لاف ٍزخ ١ٍغّب ثبٌٕمبؽ ا٢ر١خ 

 ى٠بكح هػب اٌؼ٩ّء (9

 رم١ًٍ كٚهح اٌٛلذ  (5

 رم١ًٍ اٌؼ١ٛة ٚا٤فطبء (.

٠ّضً رؾم١ك ٘نٖ ا٤٘لاف رٛف١واً فٟ اٌىٍف ثبٌَٕجخ ٌٍّٕظّخ ثب٦ػبفخ ئٌٝ ى٠بكح اٌفوص ٩ٌؽزفبظ ثبٌؼ١ًّ ٚاٌؾظٛي ػٍٝ أٍٛاق عل٠لح 

  .(Pande & Holpp, 2002)ٚثٕبء ٍّؼخ ٥ٌكاء اٌّز١ّي ٌٍّٕزغبد ٚاٌقلِبد 

 

 يُهجٍح ذطثٍك سرح سٍجًا

ٟٚ٘ ػجبهح ػٓ ِغّٛػخ ِٓ اٌقطٛاد ( DMAIC)٠زُ رطج١ك ِٕٙغ١خ ٍزخ ١ٍغّب ِٓ ف٩ي ِٕٙغ١خ اٌزؾ١َٓ اٌَّزّو اٌّؼوٚفخ ثاٍُ 

  4ٟٚ٘ رٙلف ئٌٝ اٌؾل ِٓ اٌؼ١ٛة فٟ ١ٍو اٌؼ١ٍّبد اٌمبئّخ ؽ١ش رشزًّ ٘نٖ إٌّٙغ١خ ػٍٝ فٌّ ِواؽً

  Define the problem رؼو٠ف اٌّشىٍخ  .9

 . 4 ٠زُ فٟ ٘نٖ اٌّوؽٍخ ل١بً َِزٜٛ ا٤كاء اٌؾبٌٟ ٌٍؼMeasure Phaseًّ ِوؽٍخ اٌم١بً  .5

 4 رؾل٠ل ا٤ٍجبة اٌغنه٠خ ٌؾلٚس اٌؼ١ٛة.Analyze Phase ِوؽٍخ اٌزؾ١ًٍ  ..

 4 اٌم١بَ ثبٌزؾ١َٓ اٌّطٍٛة ػٍٝ ػٛء ٔزبئظ اٌّوؽٍخ اٌَبثمخ. Improve Phase  ِوؽٍخ اٌزؾ١َٓ .4

 ١ٍو اٌؼًّ ثبٌَّزٜٛ اٌّطٍٛة.  اٍزّواهِوالجخ اٌؼًّ ٌٍزأول ِٓ  Control Phase :  ِوؽٍخ اٌّوالجخ .2



Journal of Engineering Volume   21  January   2015 Number 1 
 

 

17 

 

 

 انذراسح انًٍذاٍَح

رؼوف ػ١ٍّخ اٌَّؼ ا١ٌّلأٟ ثأٔٙب رَغ١ً اٌٛػغ اٌَبئل ٌٕظبَ ِؼ١ٓ أٚ ِغّٛػخ أٔظّخ ٌغوع اٌزؾ١ًٍ ٚا٨ٍزٕزبط ػّٓ اٌٛلذ اٌّؾلك 

اٍزٕزبط لٛاػل رظٍؼ ٌٍزطج١ك فٟ ا٤ػّبي اٌّمجٍخ. ٠ؼزجو ا٨ٍزج١بْ ا١ٌّلأٟ عيءاً  ٌغوع اٌؾظٛي ػٍٝ ِؼٍِٛبد ٚث١بٔبد وبف١خ ثٙلف

رّضٍذ اٌلهاٍخ ا١ٌّلا١ٔخ  ِٓ ػ١ٍّخ اٌَّؼ ا١ٌّلأٟ ١ٍٍٚٚخ ٦ٔغبى اٌٙلف اٌغيئٟ اٌّزؼٍك ثزؾل٠ل ثؼغ اٌج١بٔبد ٚاٌّؼٍِٛبد ٚرم٠ّٛٙب.

صُ ا٨ٍزج١بْ اٌّغٍك ٚاٌزٟ وبْ اٌٙلف ِٕٙب رؾل٠ل أُ٘ اٌؼ١ٛة اٌزٟ رظٙو فٟ أػّبي ثّواؽً ا٨ٍزج١بْ ا١ٌّلأٟ اثزلاءً ثب٨ٍزج١بْ اٌّفزٛػ 

 ا١ٌٙىً اٌقوٍبٟٔ ٚرؾل٠ل ا٤ٍجبة اٌغنه٠خ ٌزٍه اٌؼ١ٛة ٚكهعخ رأص١و٘ب. 

 

 الاسرثٍاٌ انًٍذاًَ

 بْ اٌّغٍك ٚوب٨ر4ٟ  ٌغوع رؾم١ك ٘لف اٌجؾش وبْ ٨ ثل ِٓ ئعواء ا٨ٍزج١بْ ا١ٌّلأٟ ثطٛه٠ٗ ا٨ٍزج١بْ اٌّفزٛػ ٚا٨ٍزج١

 

 الاسرثٍاٌ انًفرىح

٠مظل ثب٨ٍزج١بْ اٌّفزٛػ ئعواء ِمبث٩د شقظ١خ ِجبشوح ِغ فجواء ِٕٚٙل١ٍٓ ٌل٠ُٙ اٌقجوح اٌىبف١خ فٟ ِٛػٛع اٌجؾش ٌٍؾظٛي ِٓ 

ٚرظؾ١ؼ ا٤فىبه ٌٍجبؽش  ف٩ٌٙب ػٍٝ ئعبثبد ٤ٍئٍخ ِؼلح َِجمب أٚ َِزؾلصخ أصٕبء اٌّمبثٍخ ٚاٌزؾبٚه ثٙلف ئػبفخ اٌّي٠ل ِٓ اٌّؼٍِٛبد

لجً ئعواء ا٨ٍزج١بْ اٌّغٍك ٟٚ٘ ثّضبثخ ػ١ٍّخ ػظف أفىبه. ف٩ي ٘نٖ اٌطٛه رُ ئعواء ػلك ِٓ اٌّمبث٩د اٌشقظ١خ اٌّجبشوح ِغ ػلك 

ٌز١ٙئخ ِٓ اٌقجواء ٚإٌّٙل١ٍٓ ِٓ مٚٞ اٌقجوح فٟ ِغبي رٕف١ن اٌّشبه٠غ ا٦ٔشبئ١خ، ٚظً اٌٙلف ِٓ ٘نٖ اٌّمبث٩د رط٠ٛو ا٤فىبه ٚا

 ٚا٤ػلاك ٌزظ١ُّ اٍزّبهح ا٨ٍزج١بْ اٌّغٍك ثب٨ٍزفبكح ِٓ آهاءُ٘ ِٚمزوؽبرُٙ ٚرم٠ُّٛٙ ٥ٌٍئٍخ اٌّمزوؽخ فٟ ا٨ٍزج١بْ اٌّغٍك.

 

 الاسرثٍاٌ انًغهك

اٌجؾش ٚاٌزٟ رزؼّٓ ِؾبٚه ػلح رقض ِٛػٛع ٨ٍزج١بْ اٌّغٍك ثؼل ا٨ٔزٙبء ِٓ ؽٛه ا٨ٍزج١بْ اٌّفزٛػ رُ ئػلاك ٚرظ١ُّ اٍزّبهح ا

رىْٛ ثشىً أٍئٍخ رُ ئػلاك٘ب اػزّبكا ػٍٝ اٌّظبكه اٌؼ١ٍّخ ٚاٌّؼٍِٛبد اٌزٟ رُ عّؼٙب ِٓ ف٩ي اٌّمبث٩د اٌزٟ رّذ ف٩ي ا٨ٍزج١بْ 

 اٌّفزٛػ ٚلل رُ رم١َُ اٍزّبهح ا٨ٍزج١بْ ئٌٝ أهثؼخ ِؾبٚه 4ٟ٘

 

 انًحىر الأول/انًعهىياخ انشخصٍح لأفزاد انعٍُح

اٌشقظ١خ اٌزٟ رٙلف ئٌٝ عّغ اٌّؼٍِٛبد ٚاٌج١بٔبد ػٓ أفواك اٌؼ١ٕخ ٚلل رّضٍذ ا٤ٍئٍخ ؽٛي ِمو اٌؼًّ  رؼّٓ ٘نا اٌّؾٛه ا٤ٍئٍخ

ٚاٌلائوح أٚ اٌشووخ اٌزٟ ٠ؼًّ ثٙب اٌَّزج١ٓ ٚاٌَّزٜٛ اٌؼٍّٟ ِٓ ف٩ي اٌشٙبكح اٌؾبطً ػ١ٍٙب ٚرقظظٗ إٌٙلٍٟ ٚػلك ٍٕٛاد اٌقجوح 

 ٤فوٜ اٌزٟ رٛػؼ رأ١ٍ٘ٗ ٩ٌشزوان ثب٨ٍزج١بْ.ٚاٌّٛلغ اٌٛظ١فٟ اٌنٞ ٠شغٍٗ ٚثؼغ ا٤ٍئٍخ ا

 

 انًحىر انثاًَ/ذحسٍٍ الأداء وسرح سٍجًا

٠زؼّٓ ٘نا اٌّؾٛه ِغّٛػخ ِٓ ا٤ٍئٍخ اٌزٟ رلٚه ؽٛي ِٕٙغ١خ ٍزخ ١ٍغّب ٚئِىب١ٔخ رطج١مٙب فٟ اٌّشبه٠غ ا٦ٔشبئ١خ ٚونٌه أٍئٍخ ػٓ 

  أٍب١ٌت رؾ١َٓ ا٤كاء ٚرؾم١ك اٌغٛكح ٌٍّشبه٠غ ا٦ٔشبئ١خ.

 

 انًحىر انثانث/انهٍكم الإَشائً

٠زؼّٓ ٘نا اٌّؾٛه ِغّٛػخ ِٓ ا٤ٍئٍخ ؽٛي أُ٘ اٌؼ١ٛة اٌزٟ رظٙو فٟ أػّبي ا١ٌٙىً اٌقوٍبٟٔ اٌزٟ ٠شقظٙب اٌَّزج١ٓ ِٓ ف٩ي 

١ًٍ ا٨ؽظبئٟ رج١ٓ ٚثؼل اعواء اٌزؾ كهاٍزٗ اٌؼ١ٍّخ ٚٚالؼٗ اٌزٕف١نٞ ٚونٌه أٍئٍخ ػٓ رؾ١َٓ ا٤كاء ف١ّب ٠زؼٍك ثزٕف١ن ا١ٌٙىً اٌقوٍبٟٔ.

 اْ اُ٘ اٌؼ١ٛة اٌزٟ رظٙو فٟ اػّبي ا١ٌٙىً اٌقوٍبٟٔ ٚؽَت ا١ّ٘زٙب ٟ٘ 4

 رشممبد ا٨ٔىّبُ اٌٍلْ .9

 اٌزفبٚد فٟ ا٤ثؼبك  .5

 ػلَ اٍزٛائ١خ طت اٌَمٛف ..

 أؾواف ِؾبٚه ا٤ػّلح ٚاٌغَٛه ػٓ ِٛالؼٙب إٌٙل١ٍخ اٌّؾلكح فٟ اٌّقططبد .4

 ظٙٛه رغب٠ٚف فٟ اٌقوٍبٔخ .2

 ٤ػّلحػلَ شبل١ٌٛخ ا .0

 رشممبد ئٔشبئ١خ ثَجت أفطبء فٟ اٌزٕف١ن .1

 ظٙٛه اٌزٛاءاد فٟ اٌغَٛه .2

 رشممبد ئٔشبئ١خ ثَجت أفطبء فٟ اٌزظ١ُّ .3
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 ؽلٚس ٘طٛي فٟ اٌغَٛه .91

 ظٙٛه أزفبؿ فٟ اٌغَٛه .99

 ؽلٚس ٘طٛي فٟ اٌَمٛف .95

 رفزذ اٌَطؼ اٌقوٍبٟٔ ..9

 طلأ اٌؾل٠ل ٚرَبلؾ اٌغطبء اٌقوٍبٟٔ .94

 

 عًال انهٍكم انخزساًَانًحىر انزاتع/أسثاب ظهىر عٍىب فً أ

ٚثؼل  ٠زؼّٓ ٘نا اٌّؾٛه رم١١ّب ٌزؾل٠ل كهعخ رأص١و وً ٍجت ِٓ ا٤ٍجبة اٌزٟ رإكٞ ئٌٝ ؽظٛي اٌؼ١ٛة فٟ أػّبي ا١ٌٙىً اٌقوٍبٟٔ.

 ا٨ٍجبة اٌزٟ رإكٞ اٌٝ ؽظٛي اٌؼ١ٛة فٟ اػّبي ا١ٌٙىً اٌقوٍبٟٔ ؽَت ا١ّ٘زٙب ٟ٘ 4رأص١و كهعخ اعواء اٌزؾ١ًٍ ا٨ؽظبئٟ رج١ٓ اْ 

 لٍخ فجوح إٌّٙلً اٌّشوف ػٍٝ اٌظت .9

 ػؼف ئٍٕبك اٌمٛاٌت .5

 اٍزقلاَ لٛاٌت هك٠ئخ إٌٛػ١خ ..

 ػلَ ٚعٛك ِوالجٟ عٛكح ٠زبثؼْٛ أػّبي اٌزٕف١ن  .4

 ػؼف رلل١ك أثؼبك ِٕٚب١ٍت اٌمٛاٌت ِٓ لجً إٌّٙلً اٌّشوف لجً اٌظت .2

 ػلَ وفبءح اٌؼب١ٍِٓ ػٍٝ اٌظت .0

 ٌٍشٌّ ٚاٌؼٛاًِ اٌغ٠ٛخ ٌفزوح ؽ٠ٍٛخرغ١و فٟ أثؼبك اٌمٛاٌت اٌقشج١خ ثَجت رؼوػٙب  .1

 ؽووخ ا١ٌ٢بد ٚاٌؼوثبد ا١ٌل٠ٚخ ٚا٤شقبص ػٍٝ اٌمبٌت .2

 أفطبء فٟ اٌّقططبد .3

 ؽٛاكس ؽبهئخ .91

ٚثنٌه فمل رُ فؾض ٔظو٠خ اٌجؾش ِٓ ف٩ي ِؾبٚه ا٨ٍزج١بْ ٚرأول طؾزٙب ِٓ ف٩ي ػؼف ٚاػؼ فٟ ئكاهح اٌّشبه٠غ ا٦ٔشبئ١خ ف١ّب 

ِّب ٠إكٞ ئٌٝ ظٙٛه ِشبوً ٚػ١ٛة ػل٠لح  ٛكح ٤ػّبي رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ فٟ اٌّشبه٠غ ا٦ٔشبئ١خ٠قض ِزبثؼخ ِٚوالجخ ٚػجؾ اٌغ

 ثؼل اٌزٕف١ن 

 

 ( عهى انحانح انذراسٍحDMAICذطثٍك يُهجٍح )
ئٌٝ اٌمؼبء ػٍٝ اٌؼ١ٛة ِٓ ف٩ي اٌزقٍض ِٓ ا٤ٍجبة اٌغنه٠خ ٌؾلٚصٙب ٚمٌه ػٓ ؽو٠ك رطج١ك ِواؽً  (DMAIC)رٙلف ِٕٙغ١خ 

ِشوٚع ِقزجو ا٦ٔشبءاد ٚ٘ٛ  وؾبٌخ كها١ٍخ ( ػٍٝ اٌّشوٚع إٌّزقت DMAIC)ٌّٕٙغ١خ اٌقٌّ. ػًّ اٌجبؽش ػٍٝ رطج١ك ِٕٙغ١خ ا

َ 9941فٟ لَُ إٌٙلٍخ اٌّل١ٔخ ثغبِؼخ ثغلاك فٟ اٌغبكه٠خ ٚ٘ٛ فٟ ِوؽٍخ ا١ٌٙىً اٌقوٍبٟٔ ثَّبؽخ ثٕبء 
5

ٌزم١١ُ ٚرؾ١َٓ َِزٜٛ  

 ي رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ. اٌغٛكح ٚا٤كاء ثبٌَٕجخ ٤ػّب

 

 (Define Phaseيزحهح انرعزٌف ): 1

رؼل ِوؽٍخ رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ ِٓ أُ٘ اٌّواؽً فٟ رٕف١ن اٌّشوٚع ٚاٌزٟ رإصو ثشىً وج١و ػٍٝ اٌّواؽً ا٩ٌؽمخ ؽ١ش أْ ػؼف 

ً ػبَ. ػٍٝ ٘نا ا٤ٍبً رُ افز١به ِوؽٍخ ا٤كاء ٚاٌغٛكح فٟ رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ ٠إكٞ ئٌٝ ػؼف ا٤كاء ٚاٌغٛكح فٟ اٌّجٕٝ ثشى

رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ فٟ ٘نا اٌجؾش ٌزطج١ك ِجبكب ٍزخ ١ٍغّب ػ١ٍٙب ٚمٌه ٌزؾ١َٓ أكاء اٌزٕف١ن ٚعٛكرٗ ِٕٚغ ؽلٚس اٌؼ١ٛة اٌزٟ رإصو 

اْ ِٕغ ؽلٚس ٘نٖ ٍٍجب ػٍٝ اٌّواؽً ا٩ٌؽمخ. ٠ؾزبط ئط٩ػ ثؼغ ػ١ٛة ا١ٌٙىً اٌقوٍبٟٔ ئٌٝ وٍف ئػبف١خ ٚٚلذ ئػبفٟ ٌنٌه ف

 اٌؼ١ٛة ِٕن اٌجلا٠خ أِو ػوٚهٞ ٌزغٕت اٌٛلذ ٚاٌىٍفخ ا٦ػبف١١ٓ ٚ٘نا ٘ٛ ٘لف رطج١ك ِٕٙغ١خ ٍزخ ١ٍغّب.

ٌغوع رؾل٠ل أُ٘ اٌؼ١ٛة اٌزٟ ٠ّىٓ أْ رظٙو ػٕل رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ فمل اػزّل اٌجبؽش ػٍٝ اٌّمبث٩د اٌشقظ١خ ِغ ػلك ِٓ 

ٕف١ن اٌّشبه٠غ ا٦ٔشبئ١خ ٚاٌي٠بهاد ا١ٌّلا١ٔخ اٌزٟ لبَ ثٙب اٌجبؽش ٌجؼغ اٌّشبه٠غ ا٦ٔشبئ١خ ٚػٍٝ إٌّٙل١ٍٓ مٚٞ اٌقجوح فٟ ِغبي ر

 ا٨ٍزج١بْ ا١ٌّلأٟ اٌنٞ رُ ئعواؤٖ، ٌنا فاْ اٌؼ١ٛة اٌزٟ رُ رؾل٠ل٘ب 4ٟ٘   

9)  ّّ ب ٘ٛ ِٛعٛك فٟ اٌّقططبد. اٌزفبٚد فٟ أثؼبك )ِمبٍبد( اٌّمبؽغ اٌقوٍب١ٔخ ٌٍؼٕبطو ا٦ٔشبئ١خ )ا٤ػّلح، اٌغَٛه، اٌَمٛف( ػ

ب ِٛعٛك فٟ اٌّقططبد اٌزظ١ّ١ّخ ِٚؼّبه٠ب ػٕل ٔمظبْ أٚ ى٠بكح أثؼبك  ّّ ٠ٚإصو ٘نا اٌؼ١ت ئٔشبئ١ب ػٕل ٔمظبْ أثؼبك اٌّمطغ ػ

( ٌزؾل٠ل ِملاه اٌزفبٚد اٌَّّٛػ ثٗ فٟ ا٤ثؼبك ؽ١ش ٠ؼزجو اٌؼٕظو ACIاػزّل اٌجبؽش ػٍٝ اٌّٛاطفبد ا٤ِو٠ى١خ ) اٌّمطغ.

( ٚوّب ِٛػؼ Defectئٟ اٌنٞ ٠ؾزٛٞ ػٍٝ ِملاه رفبٚد فٟ ا٤ثؼبك فبهط ؽلٚك ٘نٖ اٌّٛاطفبد ِؼ١جب ٚ٘نا  اٌزفبٚد ػ١ت )ا٦ٔشب

 (.2انجذول )فٟ 
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4 ٌمل رُ ا٨ػزّبك ػٍٝ اٌّٛاطفبد ا٤ِو٠ى١خ أ٠ؼب أؾواف ِؾبٚه ا٤ػّلح ٚاٌغَٛه ػٓ ِٛالؼٙب إٌٙل١ٍخ اٌّؾلكح فٟ اٌّقططبد (5

 مٌه. (2انجذول )واف اٌَّّٛػ ثٗ ٠ٚٛػؼ ٌزؾل٠ل ِملاه ا٨ٔؾ

ػلَ شبل١ٌٛخ ا٤ػّلح4 رإصو ػلَ شبل١ٌٛخ ا٤ػّلح ئٔشبئ١ب ٚػٍٝ لٛح رؾًّ اٌؼّٛك ئما ىاك ا٨ٔؾواف ػٓ اٌؾل اٌَّّٛػ ثٗ وّب رإصو  (.

جٗ ِٓ عل٠ل ٚ٘نا ٠إكٞ رأص١وا ِؼّبه٠ب أ٠ؼب ئم رإصو ػٍٝ شىً اٌّجٕٝ ٚفٟ وٍزب اٌؾبٌز١ٓ لل ٠ىْٛ ٕ٘بن ؽبعخ ٌٙلَ اٌؼّٛك ٚئػبكح ط

ٌزؾل٠ل اٌّملاه اٌَّّٛػ  (2انجذول )ٚلل اػزّلد اٌّٛاطفبد ا٤ِو٠ى١خ فٟ  ئٌٝ ى٠بكح اٌىٍفخ ٚفَبهح اٌٛلذ ثَجت ئػبكح اٌظت.

 ٩ٌٔؾواف اٌشبلٌٟٛ ٥ٌػّلح.

 ظٙٛه اٌزٛاءاد فٟ اٌغَٛه. (4

 ػلَ اٍزٛائ١خ طت اٌَمٛف. (2

 ( ٟ٘ ٨Defect4 ئْ أُ٘ أٔٛاػٙب اٌزٟ رُ اػزّبك٘ب وؼ١ت )ظٙٛه رشممبد فٟ اٌقوٍبٔخ4 ٟٚ٘ وض١وح ا٤ٔٛاع ئ (0

  4ْرؾلس ٘نٖ اٌزشممبد ف٩ي اٌَبػبد ا٤ٌٚٝ ثؼل ػ١ٍّخ طت اٌقوٍبٔخ ٚرٕزظ ثَجت اٌغفبف اٌَو٠غ رشممبد ا٨ٔىّبُ اٌٍل

و اٌّبء ثلهعخ ٔز١غخ رؼوع ا٤ٍطؼ اٌقوٍب١ٔخ ٌز١بهاد ٘ٛائ١خ شل٠لح أٚ ثَجت اهرفبع كهعبد اٌؾواهح ِّب ٠إكٞ ئٌٝ رجق

 أػٍٝ ِٓ ِؼلي فوٚط ١ِبٖ إٌيف فٟ اٌقوٍبٔخ ٠ٕٚزظ ػٓ مٌه ئعٙبكاد شل رإكٞ ئٌٝ اٌزشممبد

  ٟرشممبد ئٔشبئ١خ4 رظٙو ٘نٖ اٌزشممبد فٟ اٌقوٍبٔخ ثؼل رظٍل٘ب ٟٚ٘ اٌزشممبد إٌبشئخ ثفؼً ئعٙبكاد اٌشل اٌلاف١ٍخ اٌّزٌٛلح ف

بة ِقزٍفخ ٚمٌه ػٕلِب رظً ٘نٖ ا٦عٙبكاد ئٌٝ اٌؾل ا٤لظٝ اٌَّّٛػ ثٗ اٌؼٕبطو اٌقوٍب١ٔخ اٌّقزٍفخ ػٕل رؼوػٙب ٤ٍج

ٚاٌنٞ ٨ رزؾٍّٗ اٌقوٍبٔخ، ٚػٕلِب رىْٛ ٘نٖ اٌزشممبد ٚاٍؼخ ِٕٚزشوح رزَجت ػبكح فٟ ئؽلاس ػ١ٛة فٟ اٌشىً ٚرإكٞ ئٌٝ 

بًِ ٌٙنٖ اٌؼٕبطو ٚثبٌزبٌٟ ٠إصو ػٍٝ ٔمض فٟ وفبءح ٚأكاء ٘نٖ اٌؼٕبطو ا٦ٔشبئ١خ ٌٛظ١فزٙب ٚاٌنٞ ٠ّىٓ أْ ٠إكٞ ئٌٝ ا١ٙٔبه و

ِضً ؽظٛي أِبْ إٌّشأ وىً. ئْ ٘نا إٌٛع ِٓ اٌزشممبد ٌٗ أٍجبة ِزؼلكح ٌىٓ ِٓ أُ٘ أٍجبثٗ ٘ٛ ؽظٛي أفطبء فٟ اٌزظ١ُّ 

لَ ػاٌزقي٠ٓ غ١و إٌّبٍت ٌٍّٛاك أٚ  أفطبء ؽَبث١خ أٚ اٍزؼّبي ؽل٠ل ر١ٍَؼ غ١و وبفٟ ٚغ١و٘ب أٚ ثَجت أفطبء فٟ اٌزٕف١ن ِضً

 ٚغ١و٘ب.    فؾض اٌّٛاك اٌّىٛٔخ ٌٍقوٍبٔخ

4 ئْ أفظبي ِىٛٔبد اٌقوٍبٔخ ثؾ١ش ٠ظجؼ رٛى٠غ (Honeycomb & Segregation) ظٙٛه رغب٠ٚف فٟ اٌقوٍبٔخ (1

( أٞ أْ ٠ىْٛ ٍطؼ Honeycomb( ٠إكٞ ئٌٝ ؽلٚس ظب٘وح اي )Segregationِىٛٔبرٙب غ١و ِٕزظُ ٚ٘ٛ ِب ٠طٍك ػ١ٍٗ )

( ٤ٍجبة أفوٜ غ١و ا٨ٔفظبي اٌؾج١جٟ Honeycombٕؾً ٚؽظٛي رغب٠ٚف ف١ٙب ٚلل ٠ؾلس اي )اٌقوٍبٔخ ثشىً ف١ٍخ اٌ

(Segregation( ئْ ِٓ أُ٘ اٌّشبوً اٌزٟ رَججٙب ظب٘وح اي .)Honeycomb َأٔٙب رإكٞ ئٌٝ ٔمض ِمبِٚخ اٌقوٍبٔخ ٚثبٌزبٌٟ ػل )

ػٕل ى٠بكح ا٤ؽّبي ػٍٝ أٞ عيء فوٍبٟٔ ثؾ١ش ٨ ٠َزط١غ للهح مٌه اٌغيء اٌقوٍبٟٔ ػٍٝ ِمبِٚخ ا٤ؽّبي اٌزٟ طُّ ٌّمبِٚزٙب. ٚ

 ِمبِٚزٙب ٍٛف ٠إكٞ مٌه ئٌٝ أػواه وج١وح لل رظً ئٌٝ ا١ٙٔبه مٌه اٌغيء اٌقوٍبٟٔ.

 

 (Measure Phaseيزحهح انمٍاص ): 2
آفو ؽ١ش ٠ؼًّ أٍٍٛة ئْ أُ٘ ِب ١ّ٠ي أٍٍٛة ٍزخ ١ٍغّب ٘ٛ اٌم١بً ؽ١ش ٠ؼزجو ِٓ ط١ُّ ػًّ ٍزخ ١ٍغّب ث١ّٕب ٨ ٠ٛعل فٟ أٍٍٛة 

 σ( )Sigmaئ٠غبك َِزٜٛ ا١ٌَغّب ) ( صDefect Rateٍُزخ ١ٍغّب ػٍٝ ل١بً َِزٜٛ ا٤كاء اٌؾبٌٟ ػٓ ؽو٠ك ل١بً َٔجخ اٌؼ١ٛة )

Level ًٚاٌنٞ ٠ؼطٟ رظٛها ػٓ َِزٜٛ ا٤كاء اٌؾبٌٟ ٚرم١١ّب ٌَّزٜٛ اٌغٛكح. ٌغوع رم١١ُ َِزٜٛ ا٤كاء ٚاٌغٛكح ٌزٕف١ن ا١ٌٙى )

( فمل ػًّ اٌجبؽش ِٚٓ ف٩ي σ) ا١ٌَغّب ٌٍؾبٌخ اٌلها١ٍخ اٌزٟ رُ افز١به٘ب )ِشوٚع ِقزجو ا٦ٔشبءاد( أٞ ؽَبة ِملاهاٌقوٍبٟٔ 

(. Check Sheetاٌي٠بهاد اٌّٛلؼ١خ ٌٍّشوٚع ػٍٝ رَغ١ً اٌؼ١ٛة اٌظب٘وح فٟ ا١ٌٙىً اٌقوٍبٟٔ ٌٍّشوٚع ػٍٝ اٍزّبهح رلل١ك )

ٚلل رُ فؾض وً ِٓ ٘نٖ  (Slab) ( ٍمٛف91ٚ)( Beam( عَواً )ػزت( )Column( ٚ )42( ػّٛكاً )٠.9ؾزٛٞ اٌّشوٚع ػٍٝ )

اٌؼٕبطو ا٦ٔشبئ١خ ثللخ ٌّؼوفخ ف١ّب ئما وبٔذ رؾزٛٞ ػٍٝ اٌؼ١ٛة اٌزٟ رُ رؼو٠فٙب ٚرؾل٠ل٘ب فٟ ِوؽٍخ اٌزؼو٠ف أَ ٨ فمل رُ ل١بً 

فّض٩ ٌٍؼ١ت  ٥ٌػّلح ػٓ ؽو٠ك اٌمجبّْ مٚ اٌفمبػخ اٌٙٛائ١خ ا٤ثؼبك ٌٍؼٕبطو ا٦ٔشبئ١خ ػٓ ؽو٠ك شو٠ؾ اٌم١بً وّب رُ رؾل٠ل اٌشبل١ٌٛخ

ا٤ٚي اٌنٞ رُ رؼو٠فٗ ٚ٘ٛ اٌزفبٚد فٟ أثؼبك اٌّمبؽغ اٌقوٍب١ٔخ ٌٍؼٕبطو ا٦ٔشبئ١خ فمل رُ ل١بً أثؼبك ٘نٖ ا٤ػّلح ٚاٌغَٛه ٚاٌَمٛف 

( ACIلٚك اٌَّّٛػ ثٙب ثؾَت اٌّٛاطفخ ا٤ِو٠ى١خ )ِٚمبهٔزٙب ثب٤ثؼبك اٌّإشوح فٟ اٌّقططبد فاما وبْ اٌزفبٚد فٟ ا٤ثؼبك فبهط اٌؾ

( فٟ اٍزّبهح اٌزلل١ك ×٠ٚزُ ٚػغ ػ٩ِخ ) (٤Defectٞ ِٓ ٘نٖ اٌؼٕبطو ا٦ٔشبئ١خ ٠زُ رَغ١ً مٌه وؼ١ت ) (2انجذول )ٚاٌّنوٛهح فٟ 

( فٟ اٍزّبهح اٌزلل١ك √ِخ )ِمبثً اٌؼٕظو ا٦ٔشبئٟ اٌّفؾٛص ٚئما وبْ اٌزفبٚد فٟ ا٤ثؼبك ػّٓ اٌؾلٚك اٌَّّٛػ ثٙب ٠زُ ٚػغ ػ٩

( ٚإٌزبئظ Check Sheetعيء ِٓ اٍزّبهح اٌزلل١ك اٌَّزقلِخ ) (3انجذول )ٚ٘ىنا رُ رلل١ك ثم١خ اٌؼ١ٛة اٌّنوٛهح ٍبثمب ٠ٚج١ٓ 

  ػ١ٍٙب. اٌّإشوح

طو ا٦ٔشبئ١خ ( ٌىً ِٓ اٌؼٕبσ( ٌٍّشوٚع وىً ٚونٌه ٠ّىٓ ؽَبة َِزٜٛ )σؼل عّغ اٌج١بٔبد ؽٛي اٌّشوٚع ٠غت ؽَبة َِزٜٛ )ث

 اٌض٩صخ )ا٤ػّلح، اٌغَٛه، ٚاٌَمٛف( اٌزٟ رُ رلل١مٙب وً ػٍٝ ؽلح ٚوّب 4ٍٟ٠

 (Columns4ا٤ػّلح ) (9

( ثبٌَٕجخ ٌٍؼ١ٛة اٌزٟ ٠ّىٓ أْ رظٙو فٟ ا٤ػّلح ٟٚ٘ )اٌزفبٚد فٟ ×ِٓ ف٩ي ٩ِؽظخ اٍزّبهح اٌزلل١ك ٠ّىٓ ؽَبة ػلك ػ٩ِبد )

ٚ √ بل١ٌٛخ ا٤ػّلح،  رشممبد اٌقوٍبٔخ، ٚظٙٛه رغب٠ٚف فٟ اٌقوٍبٔخ( ٚؽَبة ػلك ػ٩ِبد )ا٤ثؼبك، أؾواف ِؾبٚه ا٤ػّلح، ػلَ ش
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 Defects Perػلك اٌفوص ٌؾلٚس اٌؼ١ٛة صُ ئ٠غبك ػلك اٌؼ١ٛة ٌىً ١ٍِْٛ فوطخ ٌؾلٚس اٌؼ١ت )( اٌى١ٍخ ٥ٌػّلح ٚاٌزٟ رّضً ×

Million Opportunities( ٚاٌنٞ ٠طٍك ػ١ٍٗ افزظبها )DPMOبك( ٤عً ئ٠غ ( َِٜٛزσ) 4ٖٚوّب ِج١ٓ أكٔب 

 ٥ٌ38ػّلح = ×( ٌؼ١ٛة )ػلك ػ٩ِبد ػلك ا

 155 )ػلك اٌفوص ٌؾلٚس اٌؼ١ٛة( ٥ٌػّلح =×( ٚ √ اٌزلل١مبد )ػلك ػ٩ِبد  ػلك

 

                           (5................................................. )         .  ×9111111   =(DPMO) 

 

 ( ٥ٌDPMOػّلح )=  1000000×  = 245161                                                                                      

 

 (  ٚوب٨رσ(ٚ )DPMO4ٟ( ٚاٌزٟ رٛػؼ اٌؼ٩لخ ث١ٓ َِزٜٛ )9( ػٓ ؽو٠ك اٌّؼبكٌخ )σصُ ٠ّىٓ ؽَبة َِزٜٛ )

 

 (σَِزٜٛ ) =0.8406 +                                                                                      

 

 (σ= َِزٜٛ )0.8406 +                                                                                    

                                                                                                                                                           = 2.24 

 

 (Beams 4اٌغَٛه) (5

فٟ  ٌؼ١ٛة اٌزٟ ٠ّىٓ أْ رظٙو فٟ اٌغَٛه ٟ٘ )اٌزفبٚد( ٌٍغَٛه ؽ١ش ئْ اσثٕفٌ اٌطو٠مخ اٌَبثمخ ٠ّىٓ ئ٠غبك َِزٜٛ ١ٍغّب )

ا٤ثؼبك، أؾواف ِؾبٚه اٌغَٛه، ظٙٛه اٌزٛاءاد فٟ اٌغَٛه، رشممبد اٌقوٍبٔخ، ٚظٙٛه رغب٠ٚف فٟ اٌقوٍبٔخ( ٚثؾَبة ػلك 

 ( ٚوّب σ4ٍٟ٠ٌٍغَٛه ٠ّىٓ ئ٠غبك َِزٜٛ ١ٍغّب ) ( اٌى١ٍخ×ٚ √ )ٚػلك ػ٩ِبد  (×ػ٩ِبد )

 44ٌٍغَٛه= ×( اٌؼ١ٛة )ػلك ػ٩ِبد  ػلك

 225 )ػلك اٌفوص ٌؾلٚس اٌؼ١ٛة( ٌٍغَٛه =×( ٚ √ د ػلك اٌزلل١مبد )ػلك ػ٩ِب

 

 (DPMOٌٍغَٛه ) = 1000000×  =   195556                                                                                    

 

 (σ= َِزٜٛ )0.8406 +                                                                                       

 

                                                                                                                                         = 2.40       

  

 (Slabs 4اٌَمٛف ) (.

ٟ )اٌزفبٚد فٟ ا٤ثؼبك، ػلَ اٍزٛائ١خ طت اٌَمٛف، رشممبد اٌقوٍبٔخ، ٚظٙٛه رغب٠ٚف ٌؼ١ٛة اٌزٟ ٠ّىٓ أْ رظٙو فٟ اٌَمٛف ٘ئْ ا

 ( ٚوّب σ4ٍٟ٠ٌٍَمٛف ٠ّىٓ ئ٠غبك َِزٜٛ ١ٍغّب ) ( اٌى١ٍخ×ٚ √ )ٚػلك ػ٩ِبد  (×فٟ اٌقوٍبٔخ( ٚثؾَبة ػلك ػ٩ِبد )

 7ٌٍَمٛف = ×( ػلك اٌؼ١ٛة )ػلك ػ٩ِبد 

 40  ك اٌفوص ٌؾلٚس اٌؼ١ٛة( ٌٍَمٛف =)ػل×( ٚ √ ػلك اٌزلل١مبد )ػلك ػ٩ِبد 

 

 ( DPMOٌٍَمٛف )=  1000000×  = 175000                                                                                            

 

 (σ= َِزٜٛ )0.8406 +                                                                                           

 

                                                                                                                                                        = 2.48  
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ٌٍَمٛف أٞ أْ َٔجخ اٌؼ١ٛة اٌزٟ  2.48ٌٍغَٛه صُ  2.4صُ ١ٍ٠ٗ  2.24ٚ٘ٛ  ( وبْ ٥ٌػّلحσَِزٜٛ ١ٍغّب )٠زؼؼ ِّب ٍجك ثأْ ألً 

 ظٙود فٟ ا٤ػّلح أوضو ِٓ اٌغَٛه ٚاٌغَٛه أوضو ِٓ اٌَمٛف.

( اٌى١ٍخ ٚثزطج١ك ٔفٌ اٌّؼبك٨د ×ٚ √ )اٌى١ٍخ ٚػلك ػ٩ِبد   (×)( ٌٍّشوٚع وىً ثؾَبة ػلك ػ٩ِبد σَِزٜٛ ) صُ ٠ّىٓ ؽَبة

    اٌَبثمخ ٚوّب 4ٍٟ٠ 

 89 ×( =ػلك اٌؼ١ٛة )ػلك ػ٩ِبد 

 420)ػلك اٌفوص ٌؾلٚس اٌؼ١ٛة( = ×( ٚ √ ػلك اٌزلل١مبد )ػلك ػ٩ِبد 

 

                                                                                                   211905   =  ×1000000  =(DPMO) 

 

 (σ= َِزٜٛ )0.8406 +                                                                                           

 

                                                                                                                                       2.35= 
 

٠ٚؼزجو ػلك  211905ػلك اٌؼ١ٛة ٌىً ١ٍِْٛ فوطخ ٌؾلٚس اٌؼ١ت ٘ٛ ٚ 2.35σ٘ٛ ٌٍّشوٚع وىً  ٠زؼؼ ئْ َِزٜٛ ١ٍغّب ٚثٙنا

  .ٌنٌه ٔؾزبط ئٌٝ هفغ َِزٜٛ ١ٍغّب ٚرؾ١َٓ ا٤كاء ٚاٌغٛكح اوج١و اٌؼ١ٛة

ػ١ٛة ٚمٌه  91ػ١ت ئٌٝ  23ِٓ أٞ أْ ػلك اٌؼ١ٛة ٠ٕقفغ   ٠σ3.5فزوع اٌجبؽش ثأْ َِزٜٛ ١ٍغّب اٌَّزٙلف ٌٍؾبٌخ اٌلها١ٍخ ٘ٛ 

ؽَت اٌّؼبك٨د اٌَبثمخ ٌنا ٠غت اٌؼًّ ػٍٝ اٌزقٍض ِٓ أٍجبة اٌؼ١ٛة ٚرؾ١َٓ ا٤كاء ٌٍٛطٛي َِزٜٛ ١ٍغّب اٌَّزٙلف ٚ٘نا ِب 

 ١ٍزبثؼٗ اٌجبؽش فٟ اٌفموح ا٩ٌؽمخ.

 

 (Analyze Phaseيزحهح انرحهٍم ): 3

فٟ اٌّشوٚع ا٦ٔشبئٟ، ِّب ٠َزٛعت فٟ ٘نٖ  (Defectأ٠ٓ ٌّٚبما ؽظً اٌؼ١ت )ئْ اٌّّٙخ ا٤ٍب١ٍخ فٟ ٘نٖ اٌّوؽٍخ ٟ٘ رؾل٠ل ِزٝ ٚ

اٌّوؽٍخ رؾل٠ل ا٤ٍجبة اٌؾم١م١خ اٌغنه٠خ ٌؾلٚس اٌؼ١ت. ػًّ اٌجبؽش ػٍٝ ِؼوفخ أٍجبة ؽلٚس اٌؼ١ٛة ِٓ ف٩ي ئعواء اٌّمبث٩د 

ٚػ١ٍٗ رُ اٌزؼوف ػٍٝ ا٤ٍجبة اٌغنه٠خ به٠غ ا٦ٔشبئ١خ اٌشقظ١خ ِغ ػلك ِٓ إٌّٙل١ٍٓ اٌّشوف١ٓ اٌن٠ٓ ٌل٠ُٙ فجوح فٟ ِغبي رٕف١ن اٌّش

٘نٖ اٌؼ١ٛة فٟ اٍزّبهح ا٨ٍزج١بْ اٌزٟ  ٌؾلٚس وً ٔٛع ِٓ أٔٛاع اٌؼ١ٛة اٌزٟ رُ رؾل٠ل٘ب فٟ ِوؽٍخ اٌزؼو٠ف صُ أػبك اٌجبؽش موو

 ٚىػذ ػٍٝ ِغّٛػخ ِٓ إٌّٙل١ٍٓ ٌزؾل٠ل أوضو ا٤ٍجبة رأص١وا فٟ ؽلٚس اٌؼ١ٛة.

١ً ا٤ٍجبة اٌغنه٠خ ٌّشبوً ا١ٌٙىً اٌقوٍبٟٔ فٟ ٘نٖ اٌّوؽٍخ فمل رُ اٍزقلاَ أكار١ٓ ِٓ أُ٘ أكٚاد ٍزخ ١ٍغّب ٌغوع كهاٍخ ٚرؾٍ

( ٌىً ٔٛع ِٓ أٔٛاع ػ١ٛة Pareto Diagram( ِٚقطؾ ثبه٠زٛ )Cause and Effect Diagramّٚ٘ب ِقطؾ اٌَجت ٚإٌز١غخ )

 ا١ٌٙىً اٌقوٍبٟٔ اٌزٟ رُ موو٘ب فٟ ِوؽٍخ اٌزؼو٠ف. 

 

 (Cause and Effect Diagramأولا: يخطط انسثة وانُرٍجح )
٠َزقلَ ِقطؾ اٌَجت ٚإٌز١غخ ٌزشق١ض ا٤ٍجبة اٌزٟ رإكٞ ئٌٝ ظٙٛه ِشىٍخ ِب. ٠ٚمَٛ اٌّقطؾ ثزظ١ٕف ا٤ٍجبة اٌّزؼٍمخ ثّشىٍخ 

 Machines and)ؼلاد اٌّىبئٓ ٚاٌّ (،Materialsاٌّٛاك ا١ٌٚ٤خ )هكاءح اٌغٛكح ٚػلَ ِمج١ٌٛزٙب ئٌٝ فئبد ِؼ١ٕخ 4ٟ٘ٚ 

Equipments ،) ًّظوٚف ٚؽوق اٌؼ(Conditions and Methods of Work) ٌٚا( ٞؼبًِ اٌجشوPeople.) 
ِقطؾ اٌَجت ٚإٌز١غخ ٌٍؼ١ٛة اٌّزؼٍمخ ثبٌزفبٚد فٟ ا٤ثؼبك ٚأؾواف ِؾبٚه ا٤ػّلح ٚاٌغَٛه ػٓ ِٛالؼٙب  (2انشكم )٠ٛػؼ 

ٚأُ٘ ا٤ٍجبة اٌزٟ ػلَ اٍزٛائ١خ طت اٌَمٛف ١ٌخ ا٤ػّلح ٚظٙٛه اٌزٛاءاد فٟ اٌغَٛه ٚإٌٙل١ٍخ اٌّؾلكح فٟ اٌّقططبد ٚػلَ شبلٛ

 رإكٞ ئٌٝ ؽظٛي رٍه اٌؼ١ٛة ٚاٌزٟ رُ اٍز١ؼبؽٙب ٚرؾل٠ل٘ب فٟ ا٨ٍزج١بْ ا١ٌّلأٟ.

 

 (Pareto Diagramثاٍَا: يخطط تارٌرى )

ي اٌّشىٍخ أٚ اٌؼ١ت ؽ١ش ٠ؼغ رٍه ا٤ٍجبة ثشىً ٠ؼزجو ِقطؾ ثبه٠زٛ أكاح رٛػؼ َٔجخ ِشبهوخ وً ٍجت ِٓ ا٤ٍجبة فٟ ؽظٛ

طفٛف ِٓ ا٤ػّلح ِٓ ا١ٌَبه ئٌٝ ا١ّ١ٌٓ فٟ رور١ت رٕبىٌٟ. ئْ اٌفبئلح ِٓ ِقطؾ ثبه٠زٛ ٟ٘ روو١ي ا٨٘زّبَ ػٍٝ ا٤ٍجبة ا٤وضو رأص١وا 

ٌزٟ رإكٞ ؽلٚس وً ٔٛع ِٓ أٔٛاع فٟ ؽلٚس اٌّشىٍخ ِٓ أعً ِؼبٌغزٙب أ٨ٚ، اٍزؼوع اٌجبؽش ِٓ ف٩ي ا٨ٍزج١بْ ا١ٌّلأٟ ا٤ٍجبة ا

ػ١ٛة ا١ٌٙىً اٌقوٍبٟٔ، ٚلل أٚػؾذ ػ١ٕخ ا٨ٍزج١بْ كهعخ رأص١و وً ٍجت ِٓ ا٤ٍجبة اٌّنوٛهح فٟ ؽظٛي اٌؼ١ت اٌّنوٛه اػزّبكا 

اؽزَبة ِؼلي  اٌَجت ػبٌٟ اٌزأص١و علا ٚلل رُ  2اٌَجت ل١ًٍ اٌزأص١و علا ٚ ٠ّضً اٌولُ  9ؽ١ش ٠ّضً اٌولُ  2ئٌٝ  9ػٍٝ ِم١بً ِٛؽل ِٓ 
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ِقطؾ ثبه٠زٛ  (3انشكم )اٌزأص١و ٌىً ٍجت ِٓ ا٤ٍجبة اٌّنوٛهح ٚاٌنٞ ٠ّضً اٌّزٍٛؾ اٌؾَبثٟ )ِؼلي اٌزىواه( ٧ٌعبثبد ٠ٚٛػؼ 

 ٌّؼلي رىواه ا٦عبثبد.

اٌمٛاٌت ثأْ أوضو ٍجت ٠إكٞ ئٌٝ ؽظٛي اٌؼ١ٛة اٌّنوٛهح ٘ٛ لٍخ فجوح إٌّٙلً اٌّشوف صُ ١ٍ٠ٗ ػؼف ئٍٕبك  (3انشكم )٠زؼؼ ِٓ 

% ِٓ اٌّغّٛع اٌىٍٟ أٞ أْ ٘ناْ اٌؼب٩ِْ ّ٘ب اٌؼب٩ِْ اٌوئ١َبْ فٟ ؽظٛي اٌؼ١ٛة صُ اٍزقلاَ لٛاٌت هك٠ئخ إٌٛػ١خ ٠ٚ55.3شى٩ْ 

 % ِٓ اٌّغّٛع اٌىٍٟ ٤ٍجبة هكاءح اٌغٛكح.44.1ٚثؼل٘ب ػلَ ٚعٛك ِوالج١ٓ ٌؼجؾ اٌغٛكح ؽ١ش ئْ ٘نٖ اٌؼٛاًِ ا٤هثؼخ رشىً 

 

 (Improve and Control Phaseٍ وانًزالثح )انرحسٍ رًيزحه: 4
ئْ اٌٙلف ا٤ٍبً ِٓ ٘نٖ اٌّوؽٍخ ثطٛه٠ٙب اٌزؾ١َٓ ٚاٌّوالجخ ٘ٛ اٌمؼبء ػٍٝ اٌؼ١ٛة اٌزٟ رُ رؼو٠فٙب اػزّبكاً ػٍٝ اٌّؼٍِٛبد اٌزٟ 

اٌؼ١ٛة ٚهفغ َِزٜٛ  رُ اٌؾظٛي ػ١ٍٙب ِٓ ِوؽٍخ اٌزؾ١ًٍ. ئْ اٌزقٍض ِٓ ا٤ٍجبة اٌغنه٠خ ٌؾلٚس اٌؼ١ٛة ٠إكٞ ئٌٝ اٌزقٍض ِٓ

 ١ٍغّب ٚرؾ١َٓ ا٤كاء ٚاٌغٛكح.

٠ّىٓ اٌم١بَ ثٙنٖ اٌّوؽٍخ ِٓ ف٩ي الزواػ ػلك ِٓ ا٦عواءاد ٚاٌٍَٛو١بد ٦كاهح ٚػجؾ ا٤كاء ٚاٌغٛكح اػزّبكاً ػٍٝ اٌّؼٍِٛبد اٌزٟ 

٦عواءاد اٌّمزوؽخ اٌزٟ ٠ٕجغٟ ا٨ٌزياَ ثٙب رُ عّؼٙب ٚرؾ١ٍٍٙب ِٓ ف٩ي ا٨ٍزج١بْ ا١ٌّلأٟ ِٚب ٍجمٗ ِٚب ر٩ٖ صُ ِوؽٍخ اٌزؾ١ًٍ. ئْ ا

 ٌزؾ١َٓ ا٤كاء ٚرؾم١ك اٌغٛكح اٌّطٍٛثخ رجلأ ثأشبء لَُ فبص ثاكاهح اٌغٛكح.

 

 لسى إدارج انجىدج 

ئْ اٌقطٛح ا٤ٌٚٝ ٌٍٛطٛي ئٌٝ رؾ١َٓ ا٤كاء ٚاٌؾظٛي ػٍٝ اٌغٛكح اٌّطٍٛثخ فٟ شووبد اٌّمب٨ٚد ا٦ٔشبئ١خ إٌّفنح ٟ٘ ئٔشبء لَُ 

ض ثاكاهح اٌغٛكح وأؽل ا٤لَبَ ا٤ٍب١ٍخ فٟ اٌشووخ ٠ىْٛ اهرجبؽٗ ثب٦كاهح اٌؼ١ٍب ٌٍشووخ ٠ٚؾزٛٞ ػٍٝ ِغّٛػخ ِٓ اٌشؼت ِزقظ

ٚاٌٛؽلاد اٌّؾلكح اٌٛظبئف ثٙلف رؾم١ك اٌغٛكح اٌّطٍٛثخ ٚرؼًّ اٌشؼت ػٍٝ ئػلاك اٌزمبه٠و ئٌٝ ا٦كاهح اٌؼ١ٍب ٌٍمَُ فٟ اٌشووخ 

 ظ١ّٟ ٌمَُ ئكاهح اٌغٛكح اٌّمزوػ اٌنٞ رمغ ػ١ٍٗ َِإ١ٌٚخ رطج١ك ا٦عواءاد اٌّمزوؽخ ٌزؾ١َٓ ا٤كاء.ا١ٌٙىً اٌزٕ (4انشكم )٠ٚٛػؼ 

 

 الإجزاءاخ انًمرزحح نرحسٍٍ الأداء

 ٠ّىٓ رٛػ١ؼ ا٦عواءاد اٌّمزوؽخ ٌزؾ١َٓ ا٤كاء ٚرؾم١ك اٌغٛكح ٚاٌزٟ رمَٛ ثزطج١مٙب شؼت ٚٚؽلاد لَُ ئكاهح اٌغٛكح ف١ّب 4ٍٟ٠  

 

 انرصًٍىأولا: ضثط 

رمغ َِإ١ٌٚخ ػجؾ اٌزظ١ُّ ػٍٝ ػبرك شؼجخ ػجؾ اٌزظ١ُّ ِّب ٠َزٛعت ٚعٛك ِغّٛػخ ِٓ اٌؼٛاثؾ ٚا٦عواءاد اٌّطٍٛثخ ٌؼّبْ  

ِطبثمخ اٌزظ١ُّ ٨ؽز١بعبد اٌؼ١ًّ ِغ اهرفبع عٛكرٙب ٤لظٝ ؽل ِّىٓ ثؼ١لا ػٓ أٞ أفطبء رؾلس فٟ اٌزظ١ُّ أٚ فٟ هٍُ اٌّقططبد 

شؼجخ ػجؾ اٌزظ١ُّ ٘ٛ ِواعؼخ اٌزظ١ُّ ٚرلل١مٗ ٚاٌزأول ِٓ  ِٓ أُ٘ َِإ١ٌٚبد ٚٚاعجبد ٚاٌج١بٔبد. ئْأٚ فٟ ؽووخ اٌّؼٍِٛبد 

ِطبثمزٗ ٌٍّٛاطفبد ٚاٌّؼب١٠و اٌّزفك ػ١ٍٙب ِٓ أعً ر٩فٟ ؽظٛي أفطبء فٟ اٌزٕف١ن ثَجت أفطبء فٟ اٌّقططبد ٚغ١و٘ب ِٓ َِزٕلاد 

 اٌزظ١ُّ.

 

 ثاٍَا: انًشرزٌاخ

ؽ٠ٛ١ب ِّٚٙب فٟ ؽ١بح أٞ ؽوف ٍٛاء وبْ ِمب٨ٚ أٚ طبؽت ػًّ ٤ْ شواء اٌّٛاك عيء ِٓ ػ١ٍّخ رغ١ٙي  رّضً اٌّشزو٠بد عبٔجب

اٌّٛاهك ٌٍشووخ ٚ٘ٛ ٠إصو ػٍٝ ٔٛػ١خ أػّبٌٙب ٚػٍٝ ِٛاهك٘ب اٌّب١ٌخ. ئْ َِإ١ٌٚخ شؼجخ اٌّشزو٠بد ٟ٘ ػّبْ شواء ِٛاك )أعٙيح، 

 ه ِٓ ف٩ي ِب ٠أر4ِٟؼلاد، ِٚٛاك أ١ٌٚخ( ِطبثمخ ٌٍّٛاطفبد اٌّؼزّلح ٚمٌ

 رؾل٠ل كل١ك ٌج١بٔبد اٌشواء ِٓ ف٩ي اٌّقططبد ٚاٌّٛاطفبد ٚئػلاك علاٚي اٌى١ّبد. -9

ٚػغ ِؼب١٠و ِؾلكح  ٌزم١١ُ اٌّغٙي٠ٓ أّ٘ٙب للهح اٌّغٙي ػٍٝ رغ١ٙي ِٛاك ٚفمب ٌّزطٍجبد اٌؼمل  ٚأْ ٠ىْٛ ر١ٍَُ اٌّٛاك ِزٛافمب ِغ  -5

 رأه٠ـ اٌّغٙي ٌزؾل٠ل اٌملهح اٌف١ٕخ ٌٗ ٚثبٌزبٌٟ رؾل٠ل أ١ٍ٘زٗ ٌٍزغ١ٙي. اٌغلٚي اٌيِٕٟ ٌٍّشوٚع ٚونٌه ٠ٕجغٟ ِواعؼخ

 ٠غت ٚػغ ٍغ٩د فبطخ ثزم١١ُ اٌّغٙي٠ٓ ٚا٨ؽزفبظ ثٙنٖ اٌَغ٩د. -.

 رؾ١ًٍ اٌؼوٚع ٚا٤ٍؼبه اٌّملِخ. -4

 اٌزؾمك ِٓ ِطبثمخ اٌّبكح اٌّشزواح ٌٍّٛاطفبد ٚئعواء اٌفؾٛطبد ا٩ٌىِخ ٌٙب. -2

 

 ثانثا: انرخشٌٍ

١ٌخ ئكاهح اٌّقبىْ ِٓ أُ٘ اٌَّإ١ٌٚبد فٟ اٌّٛلغ ا٦ٔشبئٟ ٚاٌزٟ رٕبؽ ثٛؽلح ئكاهح اٌّقبىْ اٌزبثؼخ ٌشؼجخ اٌّشزو٠بد رجمٝ َِإٚ

٨ػزّبك عٛكح اٌؼًّ ا٦ٔشبئٟ ٚإٌٙلٍٟ ػٍٝ اٌؾفبظ ػٍٝ اٌّٛاك ثظٛهح ع١لح ؽ١ش ٠غت ػجؾ ؽووخ اٌّٛاك ا١ٌٚ٤خ كافً اٌّقيْ 

ظوٚف رإكٞ ئٌٝ رل٘ٛه عٛكرٙب وّب ئْ ػ١ٍّخ رٛص١ك أٚلبد كفٛي اٌّٛاك ا١ٌٚ٤خ ئٌٝ اٌّقيْ ٚاٌزأول ِٓ ػلَ رٍفٙب أٚ رؼوػٙب ٌ

٠غت أْ ٠ىْٛ ٕ٘بن ٔظبَ ٌّؼوفخ ِىبْ أٞ لطؼخ فٟ اٌّقيْ ٚفوٚعٙب ِٕٗ ػوٚه٠خ ١ٌٍَطوح ػٍٝ ػلَ رأفو اٌّٛاك فٟ اٌّقبىْ. 



Journal of Engineering Volume   21  January   2015 Number 1 
 

 

23 

 

ّٛعٛكاد رَبػل ػٍٝ اٌؾووخ كافً اٌّقيْ ٚمٌه ٌٍزأول ِٓ أْ ٚمٌه ٌز١ًَٙ رؾل٠ل ِىبٔٙب ٚرٛى٠ؼٙب ٚفو٠طخ أهػ١خ رؾلك ِٛلغ وً اٌ

 اٌّٛاك ِٛػٛػخ فٟ ِىبٔٙب إٌّبٍت.

 

 راتعا: انرُفٍذ

رؼزجو ػ١ٍّخ ػجؾ اٌزٕف١ن ِٓ أُ٘ ا٤ِٛه اٌزٟ رإكٞ ئٌٝ رؾم١ك اٌغٛكح اٌّطٍٛثخ ٚاٌزٟ ٠غت أْ رٕبؽ ثشؼجخ ِزقظظخ ٌنٌه ٚاٌزٟ رزأٌف 

ٟ٘ ِزبثؼخ اٌزم١ٕبد اٌف١ٕخ ٚؽوق اٌؼًّ ٚػجؾ اٌغٛكح أصٕبء اٌزٕف١ن ؽ١ش ٠غت أْ ٠ىْٛ ٘نا اٌفو٠ك ِٓ فو٠ك ػًّ َِإ١ٌٚزٗ ا٤ٍب١ٍخ 

ِزٛاعلا فٟ اٌّٛلغ ف٩ي ِواؽً رٕف١ن ا١ٌٙىً اٌقوٍبٟٔ اثزلاءً ِٓ ػ١ٍّخ رقط١ؾ اٌّؾبٚه ٚرَم١ؾ ا٦ؽلاص١بد ٚأزٙبءً ثؼ١ٍّخ ِؼبٌغخ 

 اٌقجوح اٌىبف١خ فٟ ِغبي اٌزٕف١ن.  ِٕٙل١ٍٓ ٌل٠ُٙاٌقوٍبٔخ ٚهفغ اٌمٛاٌت ٠ٚزأٌف ٘نا اٌفو٠ك ِٓ 

 

 خايسا: الأجهشج وانًعذاخ

ئْ َِإ١ٌٚخ ٚؽلح اٌّؼلاد اٌزبثؼخ ٌشؼجخ اٌزٕف١ن ٘ٛ ػّبْ اٍزقلاَ أعٙيح ِٚؼلاد ِؼزّلح ِٚٛصٛق ثٙب رؼًّ ػٍٝ ئٔغبى اٌؼًّ ثشىً 

ٌّؼلاد ٚفؾظٙب كٚه٠ب ٌٍزأول ِٓ ط٩ؽ١زٙب ٩ٌٍزقلاَ. ِٕبٍت ِغ َِزٜٛ اٌللخ اٌّطٍٛثخ ٚمٌه ػٓ ؽو٠ك ِؼب٠وح ع١ّغ ا٤عٙيح ٚا

رؼزّل فزوح اٌّؼب٠وح ػٍٝ ٔٛع اٌغٙبى ٚػلك ِواد اٍزقلاِٗ ٠ٚغت رؾل٠ل اٌغٙبى اٌنٞ رّذ ِؼب٠ورٗ ػٓ ؽو٠ك ٚػغ ػ٩ِخ رش١و ئٌٝ 

 مٌه ِىزٛة ػ١ٍٙب ٚلذ اٌّؼب٠وح اٌَبثمخ.

 

 سادسا: ضثط انفحىصاخ انًخرثزٌح

َِإٚي ػٓ ػجؾ عٛكح اٌّٛاك ا١ٌٚ٤خ اٌلافٍخ فٟ اٌؼًّ إٌٙلٍٟ ٚاٌّزّضً ثٛؽلح اٌفؾٛطبد اٌزبثؼخ ٌشؼجخ ٠غت رؼ١١ٓ فو٠ك ِزقظض 

 اٌزٕف١ن ٠ؼًّ ػ4ٍٝ

 أفن اٌؼ١ٕبد اٌزٟ ٠واك فؾظٙب ٚئهٍبٌٙب ئٌٝ اٌّقزجو.  -9

 اٍز٩َ ٔزبئظ اٌفؾٛطبد ِٓ اٌّقزجو.  -5

 فٟ اٌّٛلغ.رٛص١ك ٩ِؽظبد اٌّقزجو أٚ ا٨ٍزشبهٞ ؽٛي اٌّٛاك اٌّوفٛػخ   -.

 

 ساتعا: انرحهٍم الإحصائً          

رمغ ػٍٝ ػبرك ٘نٖ اٌٛؽلح اٌزبثؼخ ٌشؼجخ اٌزٕف١ن َِإ١ٌٚخ رٛظ١ف ا٤كٚاد ا٦ؽظبئ١خ ٌغوع رؾ١ًٍ اٌج١بٔبد ٚرؾل٠ل أٍجبة اٌّشبوً اٌزٟ 

٠ّىٓ اٍزقلاِٙب فٟ ٘نا اٌّغبي  ٚغ١و٘ب ِٓ ا٤كٚاد اٌزٟز١غخ ِٚقطؾ ثبه٠زٛ لل رؾلس ِٚٓ أُ٘ رٍه ا٤كٚاد ٟ٘ ِقطؾ اٌَجت ٚإٌ

ؽ١ش ثبٍزقلاَ ا٤ٍب١ٌت ا٦ؽظبئ١خ ٠ّىٓ رؾل٠ل ا٦عواءاد اٌٛلبئ١خ إٌّبٍجخ ٌّٕغ ؽلٚس اٌؼ١ٛة ٚونٌه ا٦عواءاد اٌؼ٩ع١خ إٌّبٍجخ 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        ٌزظؾ١ؼ ا٤ػّبي غ١و اٌّطبثمخ ٌٍّٛاطفبد.                                                                  

 

 ثايُا: انرذرٌة

ا٠٤لٞ اٌؼبٍِخ ِٓ أُ٘ اٌّشبوً اٌزٟ رإكٞ ئٌٝ رل٘ٛه عٛكح اٌؼًّ ِّب ٠َزٛعت ر١ٙئخ رؼل ِشىٍخ أقفبع وفبءح ٚفجوح إٌّٙل١ٍٓ ٚ

شؼجخ ِزقظظخ ثبٌزله٠ت ٚاٌزأ١ً٘ رؼًّ ػٍٝ هفغ اٌىفبءح ٚاٌملهح اٌف١ٕخ ٌغ١ّغ ا٤فواك اٌؼب١ٍِٓ ٚاٌّؾبفظخ ػٍٝ اٌَّزٜٛ اٌؼٍّٟ 

٠ٚزُ مٌه ػٓ ؽو٠ك ر١ٙئخ اٌلٚهاد ٚاٌزله٠ت إٌّبٍج١ٓ ٌُٙ وً ؽَت ٚاٌؼٍّٟ اٌغ١ل ٚاٌملهح اٌىبف١خ ػٍٝ أكاء ٚظبئفُٙ ثىفبءح ػب١ٌخ 

 ٚظ١فزٗ.

 

 الاسرُراجاخ

ػلَ ِؼوفخ اٌؼب١ٍِٓ فٟ لطبع اٌزش١١ل ثّٕٙغ١خ ٍزخ ١ٍغّب ٚكٚه٘ب فٟ اٌؾل ِٓ ا٤فطبء ٚاٌؼ١ٛة ٚللهرٙب ػٍٝ رؾ١َٓ ا٤كاء  (9

 ٚرؾم١ك اٌغٛكح.

بئ١خ اٌؼبٍِخ فٟ لطبع اٌزش١١ل ٚاٌزٟ رٙلف ئٌٝ ػجؾ اٌغٛكح ٚرؾ١َٓ ػؼف اٍزقلاَ ا٤ٍب١ٌت ا٦ؽظبئ١خ فٟ اٌشووبد ا٦ٔش (5

 ا٤كاء.

ٚػلك اٌؼ١ٛة ٌىً ١ٍِْٛ فوطخ ٌؾلٚس اٌؼ١ت  2..5( ٌٍؾبٌخ اٌلها١ٍخ اٌزٟ رُ افز١به٘ب ٘ٛ Sigma Levelَِزٜٛ ١ٍغّب ) (.

(DPMO ٛ٘ )211905 ٍٝرلٟٔ َِزٜٛ اٌغٛكح ٌٍؾبٌخ  ٠ٚؼزجو َِزٜٛ ١ٍغّب ٘نا ل٩١ٍ علا َٚٔجخ اٌؼ١ٛة وج١وح ِّب ٠لي ػ

 اٌلها١ٍخ.

ثؾَبة َِزٜٛ ١ٍغّب ٌٍؼٕبطو ا٦ٔشبئ١خ اٌض٩صخ اٌزٟ رُ فؾظٙب ٌٍؾبٌخ اٌلها١ٍخ )ا٤ػّلح، اٌغَٛه ٚاٌَمٛف( وً ػٍٝ ؽلح  (4

ٚثٙنا ٠زؼؼ أْ  5.42َِٚزٜٛ ١ٍغّب ٌٍَمٛف ٘ٛ  5.41َِٚزٜٛ ١ٍغّب ٌٍغَٛه ٘ٛ   5.54فاْ َِزٜٛ ١ٍغّب ٥ٌػّلح وبْ 

َزٜٛ ١ٍغّب ٚأػٍٝ َٔجخ ػ١ٛة وبْ ٥ٌػّلح صُ اٌغَٛه ثبٌّورجخ اٌضب١ٔخ ٚأِب اٌَمٛف فٍٙب أػٍٝ َِزٜٛ ١ٍغّب ٚألً ألً ِ
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َٔجخ ػ١ٛة ِّب ٠لي ػٍٝ أْ ا٤ػّلح رّضً أوضو اٌؼٕبطو ا٦ٔشبئ١خ رؼوػب ٌٍؼ١ٛة ٚا٤فطبء ٚاٌَمٛف ألٍٙب رؼوػب ٌٍؼ١ٛة 

 ٚا٤فطبء.  

 

 انرىصٍاخ

( ٌزؾ١َٓ ا٤كاء فٟ اٌؼ١ٍّبد ا٦ٔشبئ١خ اٌّقزٍفخ ؽ١ش أٔٙب ِٕٙغ١خ فؼبٌخ ٌٙب اٌملهح ػٍٝ ػ٩ط اٌّشبوً DMAICاػزّبك ِٕٙغ١خ ) (9

 ِٕٚغ ؽلٚصٙب. 

 ٚأ١ّ٘زٙب ػٓ ؽو٠ك ئلبِخ كٚهاد رله٠ج١خ فٟ ٘نا اٌّغبي.رؼو٠ف إٌّٙل١ٍٓ اٌؼب١ٍِٓ فٟ لطبع اٌزش١١ل ثّٕٙغ١خ ٍزخ ١ٍغّب  (5

 فٟ اٌشووبد ا٦ٔشبئ١خ ِٓ أعً رؾ١ًٍ أٍجبة اٌّشبوً ِٕٚغ ؽلٚصٙب فٟ اٌَّزمجً.ػوٚهح اٍزقلاَ ا٤ٍب١ٌت ا٦ؽظبئ١خ  (.
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 (Park, 2003)اٌؼ٩لخ ث١ٓ َِزٜٛ ١ٍغّب ٚػلك اٌؼ١ٛة ٌىً ١ٍِْٛ فوطخ  (1جذول )

 َِزٜٛ ١ٍغّب
اٌؼ١ت ٌىً ١ٍِْٛ 

 فوطخ

إٌّزٛط غ١و 

 اٌّؼبة )%(

9 031,015 30.2328 

5 .12,111 69.1230 

. 00,299 93.3189 

4 0,591 99.3790 

2 5.. 99.97674 

0 ..4 99.99966 

 

 

 

 (2005)انزٌذي،  ACIاٌزفبٚد اٌَّّٛػ ثٗ فٟ ا٤ثؼبك ؽجمب ٌٍّٛاطفخ ا٤ِو٠ى١خ  (2جذول )

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 اٌزفبٚد
 اٌجٕل اٌزٛط١ف

 أظ ٍُِ

 هاْاٌزفبٚد اٌَّّٛػ ثٗ فٟ ِمبٍبد ا٤ػّلح ٚاٌغَٛه ٚا١ٌّلاد ٚاٌَمٛف ٚاٌغل

 أظ 95ٌٍّمبٍبد ؽزٝ  1.52 -أٚ  12..1+ 0-أٚ  91+ 9

 أظ 95أوجو ِٓ  12..1 -أٚ  1.2+ 91-أٚ  .9+

 ألظٝ رفبٚد ٤ثؼبك ِؾبٚه ا٤ػّلح ٚاٌغَٛه ٚاٌغلهاْ

 للَ فٟ أٞ ارغبٖ 51فٟ أٞ ثبو١خ أٚ وً  1,2 .9 5

 اٌجؼل اٌىٍٟ ٌٍّٕشأ 9 52

 ٚفؾ رمبؽغ ا٤ٍطؼ ِغ ثؼؼٙب ٚاٌغلهاْ( ٤ٍطؼ ا٤ػّلح ا٨ٍزمبِخ اٌوأ١ٍخ )اٌشبل١ٌٛخ

 للَ اهرفبع 91ٌىً  1.52 0 .

 للَ( 911اهرفبع اٌّجٕٝ ثبٌىبًِ )ثؾل ألظٝ  9 52
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 ( ٌغّغ اٌج١بٔبد ِإشو ػ١ٍٙب ٔزبئظ اٌزلل١كCheck Sheet( عيء ِٓ اٍزّبهح اٌزلل١ك اٌَّزقلِخ )3جذول )

ا٤ػؼبء 

 ا٦ٔشبئ١خ

اٌزفبٚد فٟ 

 ا٤ثؼبك

أؾواف ِؾبٚه 

 ٚاٌغَٛه ا٤ػّلح

ػلَ 

شبل١ٌٛخ 

 ا٤ػّلح

ظٙٛه اٌزٛاءاد 

 فٟ اٌغَٛه

ػلَ اٍزٛائ١خ 

 طت اٌَمٛف

رشممبد 

 اٌقوٍبٔخ

ظٙٛه رغب٠ٚف 

 فٟ اٌقوٍبٔخ

 × √   √ √ √ 9ػّٛك

 × √   √ √ √ 5ػّٛك

 √ √   √ √ × .ػّٛك

 √ √   × √ × 4ػّٛك

 √ √  √  √ √ 9عَو

 √ √  √  √ √ 5عَو

 √ √  √  √ × .عَو

 √ √  √  √ × 4عَو

 √ √ √    √ 9ٍمف

 × √ √    × 5ٍمف

 

 

 ِٕؾٕٟ اٌزٛى٠غ اٌطج١ؼٟ (1شكم )
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ِقطؾ اٌَجت ٚإٌز١غخ ٌّشبوً اٌزفبٚد فٟ ا٤ثؼبك ٚأؾواف ِؾبٚه ا٤ػّلح ٚاٌغَٛه ػٓ ِٛالؼٙب إٌٙل١ٍخ اٌّؾلكح فٟ  (2شكم )

 ػلَ اٍزٛائ١خ طت اٌَمٛفبد ٚػلَ شبل١ٌٛخ ا٤ػّلح ٚظٙٛه اٌزٛاءاد فٟ اٌغَٛه ٚاٌّقطط

 

 المواد الأولٌة ظروف وطرق العمل

 المكائن والمعدات العامل البشري

 ضعف إسناد القوالب

تغٌر فً أبعاد القوالب 

  بسبب الظروف الجوٌة

 
والعربات   الآلٌاتحركة 

على القالب والأشخاص   

ئةحوادث طار   

 

قوالب ردٌئة النوعٌة استخدام   

 

  و مناسٌبها ضعف تدقٌق أبعاد القوالب

أخطاء فً المخططات       

 

 

ن وجود مراقبٌعدم 

جودةال لضبط  

 

  قلة خبرة المهندس المشرف

 

 عدم كفاءة الأٌدي العاملة

التفاوت فً الأبعاد 

وانحراف محاور 

الأعمدة والجسور عن 

مواقعها المحددة فً 

مخططات وعدم ال

شاقولٌة الأعمدة وظهور 

التواءات فً الجسور 

وعدم استوائٌة صب 

 السقوف

 توصيف العيب
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ِقطؾ ثبه٠زٛ ٤ٍجبة ػ١ٛة اٌزفبٚد فٟ ا٤ثؼبك ٚأؾواف ِؾبٚه ا٤ػّلح ٚاٌغَٛه ػٓ ِٛالؼٙب إٌٙل١ٍخ اٌّؾلكح فٟ  (3شكم )

  خ طت اٌَمٛفػلَ اٍزٛائ١اٌّقططبد ٚػلَ شبل١ٌٛخ ا٤ػّلح ٚظٙٛه اٌزٛاءاد فٟ اٌغَٛه ٚ
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( ا١ٌٙىً اٌزٕظ١ّٟ ٌمَُ ئكاهح اٌغٛكح اٌّمزوػ )اٌجبؽش(4شىً )

 

 

 ا١ٌٙىً اٌزٕظ١ّٟ ٌمَُ ئكاهح اٌغٛكح اٌّمزوػ اٌنٞ رمغ ػ١ٍٗ َِإ١ٌٚخ رطج١ك ا٦عواءاد اٌّمزوؽخ ٌزؾ١َٓ ا٤كاء (4انشكم )        

العميا لمشركة الإدارة  

 قسم إدارة الجودة

المشترياتشعبة  شعبة ضبط التصميم التدريبشعبة   التنفيذشعبة    

 وحدة إدارة المخازن

وحدة الفحوصات  وحدة المعدات
 المخ

حليل الإحصائيوحدة الت  

 أقسام أخرى أقسام أخرى
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 مستخمص
تعد دور العبادة ، ومنيا المسػادد اسسػيم ، ، مػف  ىػـ و اػوؤ الم سسػام المعمار ػ، النمط ػ، لعػو مػر الع ػور ،     

وىػػت تععػػر دورا را سػػ ا اػػت ادسػػار المد نػػ، ااسػػيم ، ىو تيػػا بمػػا تممعػػو مػػف ار  اػػدعت رمػػ   لػػاؿ ، م عػػـ بػػال  ـ 
، الت ػػػم ـ المعمػػػار  بم تعػػػؼ مسػػػتو اتيا ، اػػػيدم لمػػػارة االتبار ػػػ،م ومػػػ  تمدػػػف الت ن ػػػ، الرام ػػػ، ود وليػػػا اػػػت لمع ػػػ

المسػػادد ظيػػور نمػػادة دد ػػدة   ػػ  م  لػػو ال ػػ  ف المعمػػار  ليػػدا الػػنمط م ممػػا  سػػتدلت مرادعػػ، ىػػدا الدد ػػد وتمد ػػد 
 التموام الادع ، التت   دميا وما ت ترمو ىده التموام مف   ااصم

اػػدع ، اػػت نمػػط لمػػارة المسػػادد ، ومػػا انمسػػر منيػػا ، ور ػػد  يػػتـ البمػػ  باستداػػاؼ مػػا ب ػػت مي مػػا مػػف مدونػػام 
د   ػام توظ  يػا اػػت ىػدا الع ػر اػػت  ػول م يػوـ الطوبولود ػػ، اػت العمػارة ، م ػػ   عمػد البمػ  الػػو اسػت رال ودراسػػ، 

 مدمول، مف النمادة المعا رة ، وم ارنتيا بما مر بو النمط مف تطورام ا ما   ص مدوناتو الادع ، م
  : تصميـ المساجد المعاصرة ، انماط المساجد ، الهندسة الطوبولوجية ، مكونات المسجد . كممات مفتاحية
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ABSTRACT 

    Mosques could be considered as one of the most powerful architectural types 

throughout historical ages. With their highly symbolic formal legacy, Mosques  play an 

essential role in providing the Islamic city with its special identity. Nevertheless, the 

advent of digital technology and its ubiquity at different levels of architectural design 

marked the emergence of new tendencies in the Architecture of Mosques, represented by 

various models added to the storage of this architectural type. Consequently a review of 

these tendencies would be needed, aiming at pointing out the formal transformations and 

new suggested characteristics.  

The paper investigates the surviving and the disappearing formal components of  the 

Mosque Type, and reviews the different ways they are contemporarily  employed within 

the notion of  Topology in Architecture. This is achieved through the study and analysis 

of several examples of contemporary mosques , with comparison to the development of 

the formal components undergone by the Mosque type.  
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 :  مقدمة
اػػت   ػػـ ىػػدا الع ػػر الم عػػـ بػػالتموام اادتمال ػػ، والس اسػػ ، وااات ػػاد ، السػػر ع، ، مػػا  الػػم العمػػارة تنمػػو نمػػو 

 استدااؼ   اغام دد دة للأنماط المعمار ، الم تع ، ، و مد ىده الأنماط ىت المسادد الأسيم ، م  
: "  نػا مبػدع  1961اػت   La Tourette Monastery ومػا لنػد د ػر اتور ػم  Le Corbusierاػاؿ لودوربو   ػو 

لبػارة   ال  ػال الػد  ا و ػؼ . " م ا ػد ر ؤ  ف ال  ػال  لػـ  عػػد  عتمػد لعػو ال  اسػام بػؿ لعػو مػدؤ نول ػ، دمالػػو 
 م  1لدونو  نتمت  لو م ؿ الد  ا  و ؼ ، م    عد  ال وؿ و عد  التعب ر ات لمع ، الت م ـو 
ومػا انمسػر ، مػف مدونػام اػدع ، اػت نمػط لمػارة المسػادد  لعػنمط واستدااؼ مػا ب ػت مي مػار د  لو البحث  هدؼي

اػت  ػول م يػوـ الطوبولود ػ، اػت العمػارة الػد  ه أنػويفترض البحث  . منيا ، ور د د   ام توظ  يا ات ىدا الع ر
ال  م، النول ، التػت  دمػف ا يػا اادال  رد  لعو ال  ـ النول ، لعادؿ بع دا لف الي ا، التت تبدو لع يا اااداؿ، تدوف 

 ػدىر  منهجػاً  البحػث تمػديعو م  الوظ  ت ىت ال  م، اادثر تم  ػ ا لػدادرة ال ػرد والدمالػ، اػت نمػط المسػادد -الط ست
الػػو الواػػم  0222التػػت  نم ػػر ت ػػم ميا اػػت ال تػػرة منػػد سػػن،  اسػػت رال ودراسػػ، مدمولػػ، مػػف النمػػادة المعا ػػرة نمػػو

ولدت  تسنو دلػؾ ،  اػرع البمػ ، بعػد  م، وم ارنتيا بما مر بو النمط مف تطورام ا ما   ص مدوناتو الادع ، المالت
ولأف  مالتعر ػػػؼ بم يػػػوـ الطوبولود ػػػ،، بتمد ػػػد المدونػػػام المعمار ػػػ، التػػػت تمػػػدد المسػػػدد دػػػنمط بػػػ ف الأنمػػػاط الأ ػػػرؤ 

ت  نمال العالـ ، ولأف المرمع، التار   ، وما  ي ميػا مػف المسادد لـ تعد تبنو ات البعداف اسسيم ، ا ط بؿ انتارم ا
متغ ػػرام اػػت م تعػػؼ الأ ػػعدة ، ومنيػػا التطػػور التدنولػػودت الرامػػت ، وانعداسػػام دلػػؾ دعػػو لعػػو العمػػارة ، اػػ ف مػػف 

لف   ت ر لعو المسادد ات البعػداف اسسػيم ، ، بػؿ سػ دوف الر ػد م ثمػا تظيػر  مجاؿ البحثال رور  التنو و باف 
ده النمػػادة ، ل ترتػػر لعػػو دلػػؾ لػػدة تسػػا ام ا ت ت ػػر ا ػػط لعػػو مػػا تمػػم الممااظػػ، لع ػػو مػػف المدونػػام الاػػدع ، ىػػ

لعمسدد ، بؿ  طمح البم  الو اسداب، موؿ ما  دا ىناؾ ا تيؼ ات التودو ب ف تعؾ التت تناأ ات المدف اسسيم ، 
 ، وتعؾ التت تناأ ات مدف   رؤ م 

 :  Topology اللا كمية ( الطوبولوجية ) الهندسة .1
ىػت اػرع واسػ  مػف اػروع الر ا ػ ام  متػد متػو اليندسػ، ، و يػتـ  Topologyالطوبولود ،   اليندس، الي دم ، . 

 و الوظػػااؼ الر ا ػػ ،   mappingبطب عػ، ال  ػػال و تمػػرؤ بنػػاه الدا  ػػ، وبن تػػو الدع ػػ، ، و ت ػػد تطب ػػؽ ب ػػاف ال ػػرااط
المستمرة  ىم ، ات الطوبولود ،   اليندس، الي دم ، . ، وىػت الوظػااؼ التػت تمػط ال  ػال دوف تم   ػو  لػو  اػيل ، 

م االيندسػ، اساع د ػ، ل سػم سػوؤ نػوع مػف  نػواع اليندسػ، ، ون طػ،  ا ػ، لعػو  2 و تع ؽ الأد ال المتما  ة ببع ػيا
لطت تنتج التسطح دمظير توا ف اااـ ات وسط تأث رام متنول، تدػوف اػت الم ػاـ الأوؿ م  اس ا متناه مف المنت  و ا

مف  sliding scale دثر مف ماام لعو م  اس من لؽ  blobsا الً منمن اً ، وا تادؿ ا يا المدعبام والمدورام 
ارامترام معرّاػػ،  ػػمف التع  ػػد الاػػدعت ،  مدػػف بػػو اعػػر المدعػػر  لػػو مدػػور ، والعدػػس بػػالعدس ، مػػف  ػػيؿ تنو ػػ  بػػ

 م 3الم   الد   اغعو الادؿ

دراسػػػة الخػػػواص الداخميػػػة والنوعيػػػة ل شػػػكاؿ ووا ػػػاً لعتعر ػػػؼ الر ا ػػػت : الطوبولود ػػػ،    الػػػي دم ػػػ، . : ىػػػت 
 deformationsالهندسػػية التػػي أ تتػػي ر بػػيي تغيػػر فػػي الهيئػػة أو الحجػػـ ، فػػي حالػػة التحػػوأت أو التشػػو ات 

م االداارة والادؿ الب  و  ،  عتبػراف طوبولود ػاً متعػادل ف ودػدلؾ المربػ  والمسػتط ؿ ، ودػؿ مػف  المطّية كالشد والمي
، وليمػػا   ػػااص ماػػترد، لد ػػدة ،  4الػػداارة والمربػػ   مدػػف اػػدىما بػػالمطّ  لػػو دػػؿ مػػف الاػػدؿ الب  ػػو  والمسػػتط ؿ

يىمػا    ػؿ المسػطح  لػو دػػ ا ف ، اديىمػا مو ػوع  مػاد  البعػد مػػف وديػ، النظػر الطوبولود ػ،  الػي دم ػػ، . ، ود
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ون ػػس لػػدد المتديػػام  edgesم دػػدلؾ المربػػ  والمسػػتط ؿ ليمػػا ن ػػس لػػدد المااػػام   مػػدىما دا عػػت واخ ػػر  ػػاردت
vertices  وبالتالت ايما مف النام ػ، الطوبولود ػ،    الػي دم ػ، . متطاب ػاف  و : دات ػا التمػوؿHomeomorphic  م
ود ػ،   اليندسػ، الػي دم ػ، . اػدرة  ا ػ، اػت العمػارة مػف م ػ  تأد ػدىا لعػو التمػوؿ . وتمتعؾ ادرة الطوبول1  ادؿ 

لػف  اػػداؿ مع نػ، اػػت التعب ػر ،  ػػمف مواػ  ممػػدد وبرنػػامج م تػره ، م ػػ  ت ػبح ىػػده المعط ػام المتدا عػػ، ال الػػدة 
 م  5المنظم، والمدون، لتول د الادؿ وتمولو

ية (  و العلاقػات واأتصػاأت الداخميػة ضػمف السػياؽ الفضػائي إف المدى الذي تهتـ به الطوبولوجية ) اللا كم
ولػػيس أشػػكاأً محػػددة ، ويمكػػف تصػػوير ابنشػػاء الطوبولػػوجي الواحػػد مػػف خػػلاؿ عػػدة أشػػكاؿ أ تحتػػاج لأف تكػػوف 

تعنى الطوبولوجية بالعلاقات الفضائية أك ر مف عنايتهػا بالتحديػدات  . بعبارة أخرى curvilinearمنحنية الخطوط 
 م 6مفضائية ال

 ف العمؿ لعو  ادار اليندس، الطوبولود ، ا ما   ص نمطا مع نا دنمط المسادد اد  ػومت بػأف البمػ  اػت سػب عو 
 لو العمؿ ات مسام، التدر د الر ا ت ، ات م ف اد  ومت التعامؿ م  المسادد باف البم  س عمؿ ات  طار الػنمط 

م البم  ، لدف الأمر     ات مسام، ماترد، ب ف اسثنػ ف ، م ػ  م  ف دي الأمر ف معن  ف  لو مد دب ر ات تمع ي
يستفيد البحث مف طروحات الهندسة الطوبولوجية في استكشاؼ المكونات الشػكمية التػي لػـ يػتـ تنحيتهػا فػي نمػط 

 مالمساجد 

 أ مية العناصر الشكمية المكونة لعمارة المساجد : .2
 اػره   Learning from Las Vegas . ، واػت  اػارة  لػو   decorated shedsات معػرض مد ثػو لػف الػػ  

،  7 عتمػد لعػو التػار ا والػدادرة  -مػف العمػارة ، دمػا  بػدو  – ف ما ىو م ػدس  Karsten Harriesدار ستف ىار س 
م ورغػػـ  ف ممػػور مد ثػػو  بػػدو 8و ف العد ػػد مػػف البنػػو  ػػاؿ مػػف المعنػػو ، وبػػأف العمػػارة  تمتػػاة الم ػػدس لدػػت ا تػػدبؿ

و  ستيدؼ  ىم ، ودػود المعنػو اػت العمػارة ،  ا  نػو  اػ ر بو ػوه  لػو  ىم ػ، التػار ا والػدادرة   الدمال ػ، . اػت ودأن
، الػد  دتػر مػوؿ الػدادرة  Miroslav Volf  ان، المعنو ود مومتو لبر ما ىو م دس منيا م  ما م روسيؼ اعوؼ 

م مواعا لعدادرة الم دس، لما تادعو مف ىو ، للأاراد ، وال  ال ، ا ا ر ، وتمم ن س المظع، ،  لو  ف العمارة   بم
 م  9لت بح د لا مف تار ا الدموع

 ف المػػ ة السػػابؽ بػػ ف ادسػػ ، المعنػػو اػػت العمػػارة وارتباطػػو بالػػدادرة والتػػار ا لعػػو مسػػتوؤ ال ػػرد والمدتمػػ   م ػػؿ   
ولأف ت الػػدادرة ال رد ػػ، والدمع ػػػ، ، بال ػػرورة  لػػو الػػربط بػػػ ف الاػػدؿ اػػت العمػػارة و ػػػ  ف المعػػانت التػػار  ت لعاػػدؿ اػػػ

المباني التي تحمؿ صفة القدسية تمتمؾ بعدا تاريخيػا واعتباريػا فػي ذاكػرة الفػرد والمجمػوع ، وفػي حياتهمػا ، بغػض 
النظرعف الديانة ، يصبح ارتبػاط الشػكؿ فيهػا عبػر  ػذا الػذاكرة خاضػعا إلػى علاقػة نوعيػة يحفػز فيهػا الشػكؿ مػا و 

والجماعة مف قيـ اعتبارية تخضعه إلػى نػوع مػف التقيػيـ ، وتحكػـ عميػه بػالقبوؿ أو الػرفض ،  كامف في ذاكرة الفرد
و  ػػرؤ البمػػ   ف الػػدىار نمػػو امػػص ومناااػػ، مدونػػام اػػدؿ .  فإمػػا تصػػونه مػػف خلالهػػا ، أو تتركػػه إلػػى ابنػػد ار

المسػػدد اػػت ىػػدا الع ػػر والمتغ ػػرام التػػت طػػر م لع ػػو لبػػر العياػػام النول ػػ، المت ػػمن، ا ػػو ، مػػف اػػأنو  ف  عطػػت 
 وبالتالي قد يمكف تحديد تمؾ التي تمعب دورا في تحفيز  ذا الذاكرة .ت ورا لعمدونام التت ب  م راس ، م  المسدد 
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 لعناصر الشكمية المكونة لعمارة المساجد وخصائصها النوعية :ا .3
العنا ر الادع ، المدون، لنمط لمارة المسادد ىػت المدونػام التػت ا   عػو منيػا    م ػدر  تمػد  لػف ىػدا  ف     

، وممػػرار ومنبػػر ، وغالبػػا ولػػ س اػػرطا ،  10الػػنمط م امػػف متطعبػػام العبػػادة ودػػود ا ػػال م ػػدس مدػػرس ليػػدا الغػػرض
انال بواديام دا ع ، م مم، ، ومداف لعو ول وموا  مرد   مياـ لعمسامام المسػتولب، لعمدتمػ  ، ثػـ ا  ػرا النػدال 
لع ػػية    اخداف وىػػده دم عػػا دانػػم المدونػػام الم بولػػ، مػػف ابػػؿ المسػػعم ف م وسػػوال دانػػم مثبتػػ، مػػف  مػػف النبػػت اػػت 

ام دانم ىت الدسػد الثابػم مػف الوظػااؼ واااػارام ال ػرور ، المد ن، ، او  يؿ الع ود التت تعم ، ااف ىده المدون
  م 11 لعمدتم  المسعـ

و ػػدىر البمػػ  مػػ  التبػػار ىػػده المدونػػام مدونػػام رم  ػػ، ، وىػػت  ساسػػ ، ، و مدػػف التبػػار مػػا دونيػػا مػػف مدونػػام :   
 عت : ، وس ستبعد البم  دؿ المدونام التت ا ترتبط ب ر  ، ال ية ، ودما   12  اا ،  و مدمع، 

 المكونات الرمزية الأساسية :  -1 -3
وىت المدونام الرم  ، التت ت دـ النام ، الرم  ، والوظ   ، ، مف م ػ   نيػا ترمػ   لػو المسػدد دد ػاف معمػار  باػدؿ 

ف  م ول ػد تناولتيػا بالاػره والتنظ ػر لػدة دراسػام ، لدػف البمػ   ػرؤ  مباار ، وترتبط بالأدال الوظ  ت لعمع ػ، ال ػية
، مردػػ ا لعػػو الدوانػػر التػػت تػػرتبط مبااػػرة م ات مػػا لر  تػػو   ف   اا ػػيا  دػػا  بالتبػػار ال ػػرور  التطػػرؽ ليػػا بمػػف 

 وىت مف النام ، المعمار ، داختت  :  مبيده الر  ، 

 فضاء الحرـ أو المصمى :  1 -3-1
وىو ال  ال الرا ست المس ؼ ات المسدد الد  تتـ ا ػو ار  ػ، ال ػية م ل ػد دػاف منػ ؿ النبػت مممػد  ص. اػت 
المد نػػ، ىػػو المردػػ  الأوؿ لدػػؿ الناػػاط الػػد نت واادتمػػالت ، ودػػاف انػػا ه مدانػػا مناسػػبا لع ػػال وال ػػية والتعػػرؼ لعػػو 

لعو المااط الامالت    ت مف مرارة الامس مداف مظعؿ ناال  دلم الماد،  لوتعال ـ اسسيـ م وبعد اترة ود  ة ، 
 تداه ال بع، الأولو لعمسعم ف ات ب م الم دس ، ثـ    ؼ مدػاف مظعػؿ ر ػر لعػو المػااط   وادو مااطوىو ،  لعب م

م 13 ، الد   وادو مد، المدرم، ، بعد  ف تـ ت   عيا وات ادىػا ابعػ، لعمسػعم ف بػدا مػف ب ػم الم ػدس الدنوبت لعمن ؿ
و كذا كاف المكوف ابنشائي لهذا الفضػاء حػر الصػياعة عمػى مسػتويات مختمفػة مػف شػكمه العػاـ وحتػى تفاصػيمه 

  التزينية .

اأتجاا  تمت  ب رورة ودود  أوألعو مر الع ور داف   ـ   ااص نول ، ات بن تو العام، ، ايو  مرـلدف ال
، وىت الدعب، المدرم، ات مد، ، وتعد ىده ااتداى ، امدؤ العوامؿ المس ، والب ر ، الميم، التت اثػرم  نحو القبمة

 لعو المد ن، ااسيم ، والتت تأثرم بدورىا بادؿ وا ح بالد ف اسسيمت م 

لازـ وجػود إيقػاع مػمف دانر ر ر  ث ػر امػص المدونػام اسناػاا ، لعمػرـ ، لعػو ا ػتيؼ  ػ اغاتيا الاػدع ، ، 
اػػت ت طػػ ط  م ومتػػو مػػ  التغ  ػػرام التػػت م ػػعم14 مػػف ديػػ، و عػػ   تػػوديـ نمػػو ال بعػػ، يحػػدد اصػػطفاؼ المصػػميف

اداا م تع ، مثؿ الداارة والمثع  وغ رىا مف اااداؿ   هدا واتلمارة المسادد لبر الع ور الم تع ، ،  الم عو ات
نحو القبمة خاصية نوعية . ومف منطمؽ طوبولػوجي ، بقي التوجه ،  15التت اد ا تعطت اتداىا وا ما نمو ال بع،

تتسػػاوى قيمػػة الفضػػاء المركػػزي مػػل الفضػػاء المضػػمل متعػػدد اأتجا ػػات . وبقػػي أيضػػا إيقػػاع اصػػطفاؼ المصػػميف 
 خاصية نوعية أيضا ، وكمتا الخاصيتيف كامنتاف في اشكاؿ المصميات عمى اختلافها .
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 حائط القبمة والمحراب والمنبر :  2 -3-1
الوااػػ  ول ػػد دانػػم بدا ػػ، مػػااط ال بعػػ، دػػدراف منػػ ؿ النبػػت مممػػد  ص.  رـ مػػااط ال بعػػ، والممػػرار والمنبػػر م  ػػـ المػػ  

وىػػو متودػػو نمػػو ال بعػػ، التػػت  تدػػو ال يػػا المسػػعموف ، و  ػػـ مػػااط ال بعػػ، : الممػػرار ، و عتبػػر رمػػ   م 16باتدػػاه ال بعػػ،
 م 17المسدد المراـ ، و    م   مداف واوؼ ااماـ ل  ـ الم ع ف

ثنال تأد ، ال ية، باا ػاا،  ف  روه ات  والممرار ىو لن ر رم   ول س وظ  ت لأف الم ع ف ااطب، ا  مدف 
م وظيػرم ادػرة الممػرار 18لنػد د ولػو ا ػال ال ػيةل ػو  ف الم ػعت  ععػـ مسػب ا ااتدػاه الػد   دػر اف  تودػو  الػو 

 م الم دس ، م   دانم ال بع، ات البدل ثـ انت ػؿ اتداه ببو   مدر اسود  ا د،   ص.لأوؿ مرة ات مسدد الرسوؿ 
م واػد ات ػد الممػرار ام ػا اػدؿ من ػ، ت اوتػم  19الو المااط الم ابؿ لمد، المدرم، م ف تغ ر اتداه ال بع، نمو الدعب،

تشػػخيص خاصػػية نوعيػػة أتػػرتبط بشػػكؿ الحنيػػة ولكػػف  مداميػػا و اػػداؿ معالداتيػػا بػػ ف المسػػادد الم تع ػػ، م و مدػػف 
بفكرة العمؽ المرتبط بالغموض المكتسبة مف قدسية وجودا ، والػذي يػدعـ موضػوعيا ورمزيػا اأتجػاا نحػو القبمػة ، 

 ويعزز ابحساس بالخشوع .  

دمن ػ، لع طابػ، ، اسػت دـ اػت مسػدد الرسػوؿ  ما المنبر ، ا د داف ارت الا ات اارض الو دانر موا  الممرار 
 م  20  ؼ الرسوؿ اليىا م وادتسر ام ا اىم ، د ن ، وس اس ، وادار ، م و و   ات المسادد الدامع،

 المئذنة : 3 -3-1
 م، لدنو  رؤ  ف سبر انااايا ل س تار   ا  ػراا 21رغـ  ف البم   ت ؽ موؿ ال  ـ السترات د ، والعمران ، لعمآدف

ىػو الأدثػر ترد مػا دسػبر التمادىػا و  ، مػف لعػو مرت ػ  الماد،  لو را  الأدافب عؿ  اأسـ المادن، داؿ لعو وظ  تيا
، ومػػػا ال ػػػ ـ الأ ػػػرؤ  ا ا مػػػا تبعػػػم ىػػػده ال ا ػػػ ، النول ػػػ، المتمثعػػػ،  22ا سػػػ ما و ف بعػػػض الم ػػػادر تاػػػ ر لػػػدلؾ، 

دمػا  ف ا مػػ، المسػػدد  م، والتػػت دععػػم المادنػ، مي مػػ، لعمسػػدد لأبعػػد مػػا  مدػف الأداف   ػاؿ سبااتدػاه نمػػو الألعػػو 
اػػارتيا  لػػو مدػػاف المسػػدد   –االتبار ػػ، اػػت المد نػػ، تمػػتـ تدػػوف العياػػ، بػػ ف دالػػ، المادنػػ، لعػػو المسػػتوؤ الم ػػر  وا 

يشكؿ خاصية نوعية أخرى يمكف تشخيصها لممسجد ، و ي ارتباطه بمكػوف الدام  ات ام اف دث رة م  وىدا بمدمعو 
 يرتفل نحو الأعمى . 

 الميضية : 4 -3-1
، وىت م در لعمال الدار  النظ ؼ  تـ تػوا ره اػت المسػدد لدػت  23سمو  م انا : ال س  ،   الم  أة ال ارد ،.وت 

م وم ور لن ر المال ات المسدد  رتبط بم يوـ الطيارة ، وىت امد اػروط  24 تمدف ال رد مف الو ول ابؿ ال ية
ار  ػػ، ال ػػية ، واػػت مسػػادد ال تػػرة ااسػػيم ، المبدػػرة تواػػ  الم  ػػأة اػػت وسػػط ال نػػال ، ب نمػػا اػػت ال تػػرة المتػػأ رة ، 

 م  25ااساس ، وا بح م ورىا رم  ا ودمال ا ا ط وا تستعمؿ لعو ول وغر ياا دم معان يا 

 :  ابضافية – كونات الرمزية المكممةالم -2 -3
 وىت تعؾ المدونام التت تراا م وتطور المسادد دنمط  :
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 القباب :  1 -3-2
مػػا  ػػراه الػػبعض مػػددرا ب بػػ، د ىػػا، ادػػاف ا ت ار   26وؿ بنػػال  ػػتـ تاػػ  ده بطػػرا  اسػػيمت  ػػالص تعػػد ابػػ، ال ػػ رة 

، ودػدلؾ بالتبارىػا مناػأ بناا ػا  27 ػرد باػانيا مػف تم ظػام، لدا بدا  ف ارتبػاط ال بػ، بالمسػادد مثال ػا ، رغػـ مػا  السمال
م و بػػدو ىػػدا السػػبر  دثػػر وااع ػػ، ومنط  ػػ، مػػف معػػانت  دسػػار ال بػػ، دالػػ، التػػدد ر  28 غطػػت مسػػام، دب ػػرة مػػف ال  ػػال

ااتػراف م دػدلؾ اػ ف لمرد  تيا المت  ، مػ  مرد  ػ، ال ػ رة  امف الطب عتمف النام ت ف الت م م ، واسنااا ، بالسمال ، 
 – رم  ػ، ، لدنو لـ  دػف دا م ػ ة 29ال بار بالمسادد اد  دوف دا اد  دوف دا ا م، دمال ، لعو مستوؤ النس ج الم ر 

،  30مػف تأد ػد لعػو منط ػ، الممػرار - ،دال ػ لأغػراض – مع ن، ،  ا ا ما دىبم  ل و بعض  نمػاط المسػادد -د ن ، 
ومػػف منطمػػؽ طوبولػػوجي ، يمكػػف لمقبػػاب اف تكػػوف مرتفعػػة أو م  31تغط ػػ، الم ػػعو ب بػػ، را سػػ ،  ػػرؤ ب نمػػاط وا ػػاـ 

 إحالتها كمها إلى مسطح منبسط. يمكفمنخفضة ، مضمعة أو دائرية ، و 

 الصحف :  2 -3-2
، لدنػو ا ت ػو  32 مدف تتبػ  ودػود ال ػمف ، ا سػ ما باػدعو الممػاط بالأرواػ، ، اػت المسػادد منػد المسػدد الأوؿ

م و يػػتل ال ػػمف ان تامػػا نمػػو السػػمال د ا ػػ ، نول ػػ، رم  ػػ، ، لدنػػو    ػػا ت ر ػػ  اػػت  33نسػػب ا اػػت المسػػادد المد ثػػ،
ىندس، المبنو  دثر منو مدونا ادع ا ىندس ا ، وىدا الت ر       ات وسط ىندست مػف التػرددام اس  ال ػ، المتدػررة مػف 

س  الت  مدنو  ف  ت ا ػد لم ػا وتدػرارا ، الأواو ف الم باة  و الم بب، الممتدة غالبا لف    الام الم عو ، وىدا التدرار ا
و ػػذا ابيقػػاع  ػػو الخاصػػية النوعيػػة الكامنػػة فػػي  و   ػؿ و  تػػ ؿ ل  ػػبح مدػػرد لن ػػر  طػت وامػػد  تمثػػؿ بالسػػور ، 

وجػػود الصػػحف والحػػرـ معػػا ، وتنػػدرج تحتهػػا عناصػػر م ػػؿ الأعمػػدة والعقػػود والأواويػػف والأقبيػػة إلػػى جػػوار القبػػاب 
 الصغيرة.    

 سطح :معالجة الأ 3 -3-2
م ول ػػػد اسػػػت دمم  معالدػػػ، السػػػطوه بال  راػػ، وال ػػػط العربػػػت مػػػف  ىػػـ ال  ػػػااص اػػػت العمػػارة اسسػػػيم ، عتبػػرت

 م34 ا ولو مف انوف اامـ ال د م، ، اما البعض اخ ر ا د ابتدره المسعموف بع يا استمدلنا ر   را ، م تع ، 

بالتبػار  -رسػـ اانسػاف او الم ػواف  -ولػدـ الم ػؿ نمػو  -ابسبر ابتعاد المسعـ لف الرسوـ اخدم ػ،  والم وان ػ، 
التدر د ػػػ، ، والمتم ػػػ ة بالد مومػػػ،  -اليندسػػػ ،  –، ابتدػػػر المسػػػعموف ال  ػػػارؼ  35ال ػػػالؽ سػػػبمانو ا   عػػػد - ف  عػػػؽ 

ال ػط  م دما التمد المسعموف36وااستمرار واابع ، التدد د ، و عؽ ما ا نيا ، مف اااداؿ ، بالتماد التدرار والتوالت
وباس ػاا،  ،العربت ، ادتبوا لعو الددراف اخ ام ال ران ػ، و سػمال اا المسػنو ، والأدل ػ، وددػر اساػ اص والتػوار ا

 م عم المسادد ، اد ميا ودد دىا ، بمثؿ ىده ال  ارؼ والدتابام مواد ،  37 لو الم رن ام والألواف

تهيء خاصية نوعيػة لمعالجػة السػطوح إذا مػا نظػر إليهػا عمػى أنهػا )  ف م  ة ما ابتدره المسعموف مف   ػارؼ 
يمكػػف توليػػد ا عمػػى سػػطح منبسػػط . ومػػف الجػػدير بالػػذكر أف الكتابػػة بالمغػػة العربيػػة  Patternsتضػػاريس ( أو 

بالخط وبخط عربي له بعدا الرمزي بحد ذاته ، ذلؾ أف لغة القرآف  ي المغة العربية ، لذا أعرابة في تلازـ الكتابة 
 العربي مل عمارة المسجد .

 قراءات في المساجد المعاصرة  .4
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 مػف منظػور طوبولػودت ياال  ػااص الدامنػ،  ػمنل د ماوؿ البم  مف  يؿ مرادع، مدونام المسدد تمد ػد  
والتػػي تم ػػؿ المؤشػػرات التػػي يتقصػػا ا البحػػث فػػي المدونػػام الرم  ػػ، ليػػده  –تمثعػػم بدمعػػ، مػػف ال  ػػااص النول ػػ، 

يقػاع، و التوجه نحػو القبمػة ،  وجود عنصر طبيعي لمتطهر: بادؿ لاـ ، واد امعم مف المسادد المعا رة أم مته  ا 
، واأرتفاع نحو الأعمى لرفػل الأذاف ،  قدسية وجودا بفعؿ المرتبط بالغموضالمحراب عمؽ ، و  اصطفاؼ المصميف

معالجػػة ، و  -نحػػو السػػماء – الأعمػػىنحػػو ،  ، مركػػزي أـ عيػػر مركػػزي انفتػػاح فضػػائيجػػود و و ،  ب السػػقوؼيػػوتقب
  مالزخرفة والخط العربي ب السطوح

لتمد ػد  مدونػام المسػدد  اػبو بمدمولػ، مػف الوظػااؼ واااػارام ال ػرور ، لعمدتمػ  المسػعـ البم   ف د ودد ا
، ف الممػػرار دػػاف من ػػ،  رغػػـ ، اػػداؿ ثابتػػ، لأ  مػػف ىػػده المدونػػام     مػػدد تلػػـ ت اػػت مػػ ف،  ىو ػػ، مبنػػو المسػػدد

والمنبر تطعر نظػاـ سػيلـ متدػررة م اػالتنظ ـ الميػ مف لع  ػال الػدا عت دػاف بػاد ل اامػر نظػاـ االػ، معمػدة ، دام 
د عم نظما ادع ، ا رؤ مثؿ ال مف م   لدد دب ر مف المراد  المامع، لعس ؼ بمسااام متساو ، م وبمرور ال مف 

 ول ػػد تػػـ تطػػو رلػػدد مػػف التنو عػػام لعػػو ىػػده المدونػػام م اربعػػ، اواو ػػف، او ابػػ، مرد  ػػ، دبػػرؤ وانػػالام دانب ػػ، ، و 
لػػادة انعدػاس لعممارسػام الممع ػػ، واا ػد ولود ام المودػػودة ومثػؿ ىػػدا التطػو ر  ممػؿ اااػداؿ لعػو مػػدؤ ال ػروف ، 

 .لػـ يكػف ممزمػا لممسػمـ مػ لا فإعطاء صياعة شكمية لمكوف مرتبط بػيداء فريضػة الصػلاة م 38ات اامادف الم تع ،
و ػػذا  ػػي القضػػية التػػي .  رمزيػػة لأي مكػػوف شػػكمي يػػرتبط بالمسػػجد – نالػػؾ دائمػػا صػػياعة نوعيػػة ومػػل ذلػػؾ 

 يستهدؼ البحث إظهار ا عبر مناقشته ل م مة .

 ت ػػد البمػػ  مػػػف الأمثعػػ، التػػػت  ػػدرديا  دنػػػاه  سػػنادا لر  تػػو اػػػت دلػػؾ التػػػرابط بػػ ف اليندسػػػ، الطوبولود ػػ، ولمػػػارة 
ات العالـ اسسيمت وات غ ره ، وبامداـ م تع ، ، وداف ارط اا ت ار  ا ت ار  مثع، متنول،مط م واد تـ المسدد دن

 ف تظيػػر المععومػػام المتػػوارة ت ػػورا لعم ػػعو تمد ػػدا ، باس ػػاا،  لػػو الاػػدؿ ال ػػاردت لعمبنػػو ، واليػػدؼ مػػف ىػػدا 
،  مػػدىما تيػػ مف لع ػػو اػػوة الػػنمط  وا : الدمػػ  بػػ ف نمطػػ ف مػػف االتبػػارام وا ػػا لنػػولت المدتمعػػام  : اا ت ػػار ىػػو

اا ت ػػار دعػػؿ وثان ػػا :  ود ىػػدا الػػنمط و تي ػػر مػػف ميممػػو مو بمػػ  لػػف ميمػػح المسػػدد ، واخ ػػر  عػػتـ لعػػو ودػػ
اػػت نماددػػو ل توااػػؽ مػػ  ادػػرة الػدىار نمػػو تع اا ػػ، انت ػػاؿ المدونػػام الرم  ػػ، لعمسػػدد  دلػػؾتعمػػد البمػػ  ، ا ػػد لاػواا ا 
ح المسػػدد مسػػبما ورد اػػت دمػػؿ م ػػمم و وم ا ػػدىـ باس ػػاا،  لػػو ال ػػرالة المبااػػرة وسػػ تـ ر ػػد ميمػػ م39الم تع ػػ،

 مما توار مف  ور وم ططام ومدسمام موؿ المثاؿ :    

 مساجد في البمداف ابسلامية :  1 -5

 , The Ray of Light Mosqueلمعمػارة .  ZESTمسجد شعاع الضػوء فػي دبػي/ المصػمموف  1 -5-1
Dubai, ZEST Architecture. 0   ادؿ . 

  دـ الت م ـ  مسددا مد ثا   عت ا و النسال م  الرداؿ ات ا ال وامد ، م  امتراـ المادػ، الػو دردػ، مع نػ، 
مف ال  ؿ م وبتعب ر الم مم ف "  ت د الم عو ادي  مادت ابػ، متدا ػ، م سػوم، الػو ن ػ  ف باػر ط  دػادت  مثػؿ 

بػ ف الدنسػ ف م و ػتـ تم  ػؽ ن ػس التػأث ر لػ ي باانػارة  "اعاع ال ول"  ن ػد منػو  ػول الاػمس ل م ػؽ ا ػي م تاا     ػا
اا طنال ، م و نطو  امد ن  ت ال ب، الو االعو ل م ؽ منارة مندمد، م و نمػرؼ الم طػط ب او ػ، مناسػب، ل تم ػؽ 

مػ، " التود و نمو المسدد المراـ ، وتدوف منط ،  ية النسال  عؼ الرداؿ اتبالا لما داف ات المسادد ااولو الم تو 
 لع و  مدف است رال ما  عت مف  :  م40
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 دن، ، التت اندمدم م  تس  ؼ ا ال الم عو   ا ال وامد   ػـ لػ ا التبار ػا بػ ف النسػال والردػاؿ . االم- 
 ، لتولد ادي ماابيا لع ب، م -دما  ا ر الم مموف 

  الم ع ف مالتودو نمو المسدد المراـ م دد لع و باعاع ال ول ن سو الد     ؿ ب ف 
  م ال  الام العام، لعمسددتس  ؼ  ات  نارة  ول الامساست داـ ال  را، باسعور  عتمد لعو 
 The Dubai Mosque, Aedas.  41الجعفػري حػاتـ  -AEDASمسجد قمب دبي / تصميـ   2 -5-1

- Hatam Aljafari .  3  ادؿ . 
لدنّػػػ، ممدػػػف و ػػػوليا لأ  اػػػرد" ،  لمػػػد الم ػػػمـ الػػػو ارسػػػال ال بػػػ، لعػػػو اارض مبااػػػرة ، وبػػػدلؾ  ا نػػػو "  رمػػػ 

، ايو مدػوف مػف ثيثػ، لنا ػر را سػ ، : ابػ، ومدعػر ومادنػ،م  42است دـ الم مـ اف ال ط سد اؿ ال ول  لو مبناه
 لع و  مدف است رال ما  عت  :  م43و  ـ المسدد مرد ا لعمععومام والتعع ـ 

 ال ب، والمأدن، م 
 لن ر ال ط واس  اع دا ؿ الم عو م 

لشػػركة   the municipality of kayseri , Turkeyابقة مسػػجد نظمتهػػا :  مقتػػرح مسػػ 3 -5-1
manco-architects 4  ادؿ  ومركز ا استنبوؿ .   

ات ىدا المسدد : تـ  بداؿ ال ب، دعن ر  ولػت ل ػالح اػدؿ    ػونت بػد ؿ تمثػؿ بمدعػر مند ػتل لعممااظػ، لعػو 
ودود ا ال واس  وومػد لع ػية م ل ػد تػـ تمر ػؼ ىػدا المدعػر ، الػد  دػاف ن طػ، البدا ػ، ل  ػ  لعػو مسػطح مسػتط ؿ 

بمردػام المنػت دػؿ مػف منط ػ، الممػػرار لعمسػدد، دت ػم ـ ت ط طػت مبػدات لينتظػاـ ال طػت لعمسػدد م  واػػد تػأثرم 
والسػػدود لع ػػية ، ا ػػد تػػـ ت ط ػػ  من ػػ، منط ػػ، ال ػػية المنمػػدرة باػػدؿ اػػر طت نمػػو تودػػو الدعبػػ، م وامتػػدم ىػػده 

، ال نػال الألعػو  -بارت ال ف م تع ػ ف   - لو اناا ف بدردام م تع ،  –الموا   –المعالد، نمو ال ارة لت سـ ال طع، 
متر تمػم المسػتوؤ و مػاط  1.5لمناسبام : الدمع، ، الع د ، والمآتـ ب نما  غرؽ الأوطأ بم دار ب نيما   ـ  عوام ا

 و مدف ميمظ، ما  عت :  م annex 44ر 

 ال ب، التت دما  بدو  نيا ات دم ادؿ الدعب، ، والمأدن، م 
  مػػػا لن ػػػر اػػػف ال ػػػط اػػػت سػػػ ؼ الم ػػػعو واس  ػػػاع دا ػػػؿ الػػػد  ظيػػػر باػػػدؿ مػػػدردام ل ػػػ وؼ الم ػػػع ف م 

الممرار والمااط ال بع، اعـ  ت دا ادعيما الت ع د  ال عد م بؿ تموا  لو ادؿ نوااد مستمرة مف ال داة ، ا يػا 
 ا  ا الت س ـ اا  الت،  تتوسطيا ناادة مم  ة تمثؿ الممرار م

   by RUX Studio  The vanishing mosque in Dubaiالمسػجد المتلاشػي فػي دبػي  4 -5-1
     . 5ادؿ 

، تمػػم  multi-disciplineاػػا  سػػتود و رر  ػػو  دػػس مػػف مانيػػاتف بمسػػاب ،   ترااػػؾ . لعت ػػم ـ متعػػدد اانتظػػاـ 
 نؼ المسدد ، بالمسدد المتياػت م الػد  و ػ  ، وبمػا  ػرتبط بػو مػف ت ال ػد ، لػددا مػف الأادػار البسػ ط، والدد ػدة 

بػػؿ ا ػػال  تياػػو اػػت نسػػ ج المد نػػ، ، غ ػػر  م وتػػتع ص ال دػػرة الأولػػو بعػػدـ ر  ػػ، المسػػدد دمدػػاف باػػدؿ مبنػػو ،45
معموظ  مف الاوارع ، مرتبط بنبض الم اة ، وم توه لأ  داف ، ات    وام ، ل  بح دعيم،    ون ، ادثر تػدا ي 

م وتتعدػػر اػػبد، المسػػدد المم طػػ،  46بالدػػانب ف الرومػػت والث ػػاات لعمدتمػػ   دثػػر مػػف    مبنػػو مغعػػؽ لػػو  بػػوار ونوااػػد
 دب، م تدرة ت تعؿ مستوؤ  ر  ا ، وتعو  الواديام وت  ؼ منظرا منظور ا باتداه مد، م   بالمسدد ب وة دا
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 ا  ستغنت ىدا المسدد    ا لما  عت :
  المادن،  ، وا تعوه ال ب، ات    مف ثنا اه 
  ندمج ا و الم عو م   ا  ، اان تاه لعو السمال ، وىت ال ا  ، التت  تمت  بيا ال نال الوسطت م  
  سػػػتع ض لػػػف الممػػػرار بت   ػػػؼ تودػػػو ثيثػػػت الأبعػػػاد باتدػػػاه ال بعػػػ،  مثػػػؿ ، ا دسػػػد الغمػػػوض الػػػد   ػػػمر 

 الممرار ب ظياره بادؿ تيش م  ؼ ات الأاؽ م
  وا  سػػتغنت المسػػدد لػػف اس  ػػاع ، الػػد    ػػمر  ػػ وؼ الم ػػع ف  ػػمف الم ػػعو ، ااس  ػػاع ا  بػػر  اػػت

بؼ الم اػػم لع  ػػال الػػد    ػػتح مػػ  ارت ػػاع مػػرارة الاػػمس واػػدة الأر ػػ ، والدػػدراف ا ػػط ، بػػؿ و   ػػا اػػت التسػػ 
 سطوليا م

 مساجد في البمداف عير ابسلامية :  2 -5

 The Cologne Centralمسػػجد كولػػوف المركػػزي )مسػػجد إيهرنفيمػػد الكبيػػر  ( فػػي المانيػػا   1 -5-2
Mosque , Germany ,  by Paul Böhm   6  ادؿ .  

 مـ المسدد بطرا  لثمانت ، ولو ددراف  داد ، ، ومادنت ف واب، م ودػاف م ػررا لػو  ف   ػـ سػواا ، واػالت ف اػت   
م وت ػػمف الت ػػم ـ    ػػا مػػوااط  داد ػػ، الطػػابؽ الععػػو  مػػ  مدتبػػ،  سػػيم ، مسػػتوؤ السػػردار ،  مػػا الم ػػعو اات ػػد 

 ػػ  ىػػدا اان تػاه بسػػعـ رمػػر مػف الاػػارع ، باس ػػاا، لتعطػت اسمسػػاس باسن تػػاه لع ااػر ف ، وبمسػػر الم ػػمـ ، تػـ تع  
 م  47 لو مدمول، مف ال عال ام الأ رؤ الم توم، لدؿ الناس مف دؿ الأد اف

 مف  يؿ بعض ماورد  ليه ، وما  مدف ميمظتو لعو المسدد  مدف تدو ف ما  عت :
 ا  ف لعمسدد مأدنت ف ملع ب، م ورىا لعو دتع، المبنو رغـ دونيا تبدو مد  ة لعو ادؿ ارااح ، دم 
  مػػػا   اػػػرااح . ال بػػػ، اتث ػػػر ا ػػػ ، اس  ػػػاع دا ػػػؿ المػػػرـ رغػػػـ اف    الاتيػػػا ا تػػػدىر نمػػػو التوااػػػؽ مػػػ     ػػػاع 

 ا ط اؼ الم ع ف م

  . بدو مف  ػيؿ الم طػ  ، والواديػام  ف طر  ػ، الت ط ػ  ل سػم لاػواا ، ، بػؿ تاػدؿ مػ  المنػاار م ػردة   اا 
 وا ح ، رغـ  ف الم مـ لـ  نوه لنيا م باتداى ف متعادس ف وبادؿ

   Islamic Cultural complex in tirana, Albaniaمركػز  قػافي مػل مسػجد فػي البانيػا  2 -5-2
  ، وم رىا دوبنياغف الدن مارد ، Bigمدمول، ب   .   7ادؿ 

 ست دـ الت م ـ متدي ف مت اطع ف ىما التودو الابدت لعمد نػ، وت اطعػو مػ   تدػاه مدػ، م و نمػم اػدؿ المبػانت 
سػػامت ف ثػػانو ت ف لعػػو دػػانبت ولعمسػػدد وا ػػا لمربػػ  الت ػػاط  ب نمػػا تسػػيـ اػػوارع المد نػػ، بمسػػاواة  طوطيػػا ال ارد ػػ، م 

م واػػد تمػػم معالدػػ، د بيػػا ادسػػ ، المدػػاف  لػػو المد نػػ، تػػسػػام، المسػػدد وسػػام، دب ػػرة را سػػ ، ، تت ػػدرىا المأدنػػ، ، لتم
 –بالنوااػػد اسسػيم ، : الماػػرب ام  و الانااػػ ؿ  -مػػف مسػػتط يم  ػغ رة ، ت منػػا   Patternالواديػ، بتدػػرار منػتظـ 

 م 48 ن د منيا ال ول وتتغ ر ادتو ونول تو واتداىو  يؿ النيار لعو السطوه المنمن ، وات دا ؿ المسدد

 مسدد :ات ىدا ال



Journal of Engineering Volume   21  January   2015 Number 1 
 

 

39 

 

 دنػػػ، ، وليػػػا م ػػػور وا ػػػح م  مػػػا ال بػػػ، اتبػػػدو دام م ػػػور رمػػػ   رغػػػـ لػػػدـ ددػػػره ، مػػػف  ػػػيؿ تمع ػػػؿ االم
الم ػػمم ف  لػػيه ، تػػـ   ػػد ال ػػرالة المعادسػػ، ليػػا ، ل  ػػبح ال  ػػال دتعػػ، ، والدتػػ، ا ػػال ، ثػػـ لػػت الدتعػػ، مػػف 

  تداه المد ن، نمو اتداه مد، م وتدرار العمع ، لباات مدونام المسدد م
  لػػو  تدػػاه ال بعػػ، ، ولػػو م ػػور وتػػأثر لعػػو  ػػ اغ، الت ػػم ـ ددػػؿ م  مػػا مػػااط ال بعػػ، امػػا اؿ   ػػـ الممػػرار وا 

 دواره المنبر بادع يما الت ع د  ف م
  ال نال الوسطت ،  سبؽ الم عو ، رغـ لموم تو وان تامو لعو المد ن، م 
  ىناؾ   رؼPattern  لددراف المبنو تمثؿ بااست مال مف   رؼ الاباب ؾ اسسيم ، م 

 Strasbourg Mosque, by Zaha،   2000مسػػجد مدينػػة ستراسػػبورغ / ز ػػاء حديػػد   3 -5-2
Hadid Architects, International competition (unbuilt) 2000   8  ادؿ . 

، وتمد نو مف تدو ف ا ال م دس لااـ اوؽ  را  المسدد وال نال اوؽ مستوؤ اارض لع لو لف س ااو الم ر 
، ممم   المد نػػ،م و نظػػر الػػو ال نػػال الوسػػطت بو ػػ و ا ػػال تأمػػؿ، ومنط ػػ، تمػػوؿ بػػ ف العػػالـ ال ػػاردت والعػػالـ الػػدا عت

 م 49باس اا، لما لو مف طب ع، وظ   ، تار   ، ، م   تتـ ا و  عوم المناسبام

 طػوط المنسػاب، لعي دػؿ اسناػاات المبنػو واػت اطالاتػو ، واػد وتظير بو وه  ستعارام ال ط اسسػيمت لعػو ال
م واػد نظػـ ال ػعود الػو المسػدد   ـ ال ط سورا مف ال ررف الدر ـ تظير لعو الغاال الدا عت لعم عو باػدؿ  ػاص

م وتػػـ التأد ػػد لعػػو دػػدار ال بعػػ، مػػف الػػدا ؿ لتي اػػ، غػػيؼ  ػػوتت م واػػد اسػػت دمم ادػػرة  50بتوظ ػػؼ ال ػػول وال ػػوم
ال  ارؼ اليندس ، ااسيم ، لتول د ا ال دسر  م والدسر   ع   اااواس ال رسان ، بو  يا المناأ ااساست ، التت 

 م  51تدلـ بدورىا طب ، مف  االواه ال رسان ، المبعثرة وال داة والس رام ؾ 

 يتل المععومام المتوارة بمدمعيا ما  عت مف الميمظام : وت
 ا ت ال ال ب، والمنارة ، رغـ  ف نيوض ا ال الم عو لف مستوؤ الأرض اد  ددر بال ب، م 
  تػالؼ الم ػػعو مػػف تػػرددام اػػر ط ، منسػػاب، ترت ػػ  لػػف الأرض مدونػػ، ا ػػال    ال ػػا  تمثػػؿ بالم ػػعو ، وىػػده 

 ماس  الام تنسدـ واتداه ال ية 
 تاد د ددار ال بع، بمعامعتو  وت ا ، ول س ا ط ب ر ا م 
  ،توظ ػػػؼ ال ػػػط العربػػػت  ػػػمف ا ػػػال الم ػػػعو م اػػػت مػػػ ف تػػػـ توظ ػػػؼ ال ا ػػػ ، النول ػػػ، الر ا ػػػ ، لع  راػػػ

 اسسيم ، ات تاد ؿ ال  ال م  

 م  52و بدو  ف  ىال مد د تست دـ ن س النوع مف الأادار ات مسدد دورن ش الدوم،

 Mosque in London , Mangera اسػلامي فػي لنػدف/ مػانجيرا ايفػارس .مسػجد ومركػز  4 -5-2
Yvars Architects  ( 9) شكؿ 

ىو مرد   سيمت لالمت   ـ ا الام مسدد ومدرس، ومعرض ، باس اا،  لو مد  ،  سػيم ، م و متػد لعػو 
المد  ػ، اسسػيم ، الدد ػدة ،   ، نير دانؿ ست ، و تمدد ادؿ المسدد باتداه ال ية ا تدو نمػو مدػ، ، وب طػوط 

 م  مدف ارالة ما  عت ات ىدا المثاؿ :  53وىت ا ال  يتل تموا لف الم اة ال وم ، دام الألراؽ المتعددة ات المد ن،
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  متعؾ المبنو مآدف مو ل، لعو  ردانو ،  ما ال بار اي  بدو ليا ودػود اػدعت مػ  امنػالام الدتعػ، ، واػد تدػوف 
 دااب، ا يا م

 بنو ا ال را ست لعتدم  لعو المستوؤ الم ر  ،  بدو ودأنػو ال نػال الوسػطت م وتظيػر لعػو الدتعػ،   ـ الم
   الغااا ، . لعمبنو  طوط مت اطع، تتألؼ بادؿ   رات م 

  ، ،تبنو المبنو ددؿ  تداه ال بع، م و تمت  الم عو بتدرار ل طوط تدوف مستط يم دام  لواف م تع ، متعادل 
  ط العربت ، دعيا تمتد ات غ ر اتداه الم ع ف م ون وص مدتوب، بال

 نمط المسجدخلاؿ العلاقة بيف النمط والهندسة الطوبولوجية مف تحديد  .5
 ف الاػػعور بالرامػػ، النػػاتج لػػف المعػػروؼ والمػػألوؼ لمػػا ىػػو مػػف الما ػػت  غد ػػو مظيػػراف اػػت الث ااػػ، ااسػػيم ، 

نظاـ اىوتت م سس ، دما ىو الماؿ ات السػ اؽ المسػ مت المعا رة م ااوؿ     ات  م ـ ااسيـ وىو لدـ ودود 
رغـ اف المداىر الأربعػ، اػت اسسػيـ تعطػت  ػ غ، ماػابي، ، دمػا  ف ودػود الأول ػال واالت ػاد بم ػدراتيـ ا  ػدىر  –

، بػػدلؾ لػػ س ىنػػاؾ مردػػ    ػػرر او  رلػػو او  ػػراض التغ  ػػرام لػػدا المدتمػػ  ن سػػو ددػػؿ م ودػػأ    -بع ػػدا لػػف دلػػؾ 
  د ـ الدد د م ،  دوف الم اظ لعو ااسال ر الما  ، رمف السبؿ و بسطيا مف تمدتم  

ايػػو المادػػ، الػػو اثبػػام اليو ػػ، والرمػػو  المرتبطػػ، بيػػا ، اػػت ال تػػرة بعػػد ااسػػتعمار ، ، م ػػ    مػػا المظيػػر الثػػانت
، وىدا الأمر اابؿ لعن اش ا ما   ص ىدا الع ر ، و ماـ ت ػار العولمػ، واان تػاه  54 ععر المسدد دورا را س ا ات دلؾ

العالت ب ف المدتمعام والتبادؿ السر   لعمععومام والب انام ، التت ا بح دؿ نػوع منيػا اػت متنػاوؿ الدم ػ  ، باػدع يا 
مػػف الم ػػػاظ لعػػػو دانػػػر مػػػف  ػػػت ىػػػدا الع ػػر ، اػػػد   ػػػبح الم ػػػؿ نمػػػو  ثبػػام اليو ػػػ، ىػػػو نػػػوع ااس دػػابت والسػػػعبت م 

ال  و  ، النول ، التت تم   البار لف بع يـ ، والأاال ـ لف بع يا ، وواوؼ  ماـ ت ػار الأسػعور الوم ػد لععػ ش 
ال ااـ لعو انتيا  ال رص ، والد  تتساوؤ ا ػو المعػا  ر رغػـ تما  ىػا ، وتتاػدؿ ا ػو لمػارة تسػ ح ا يػا التمػا  ام وال ػ ـ 

 ض م الادع ، لعو بع يا البع
دور اػػت ادػػرة ر ػػد  topologyو typologyلػػ س لعم اراػػ، المتمثعػػ، اػػت التاػػابو بػػ ف م ردتػػت  ػػرؤ البمػػ   نػػو 

ف  عت  ػاف بعػدة ن ػاط  لػو المػد الػد   ػدا   لػو   ف اسثن  بدو التاابو ب ف الأادار الدوىر ، لعطوبولود ، والنمط ، ، بؿ
ولعؿ باسمداف و   مثؿ ىده ن اط بالادؿ التسا ؿ ا ما  دا داف مف الممدف للإثن ف  ف  مثي ودي ف لعمع، وامدة م  

 ااتت :
 بغػض النظػر لػف مالبدا ػ، والنيا ػ، اػت   ػ ـالالتػت تتسػاوؤ بيػا  ،ال ا  ، النول ، المسػتمرة لبػر الػ مف ودود  م  

 م -ر ا  ، دانم  ـ دال ،  –طب ع، ىده ال ا  ، 
الػ مف  لعػو مسػار  instancesىو ا ت ػار لأمػدؤ البرىػام ال من ػ،ات    مو وع ليما  shapeدوف الي ا،  مر 

 و ف ىدا اا ت ار متمت لأنو  م ؽ النمودة م م ليما
   ػ   مػف لمظػام الػ مف –ا ػرم   ـطالػم  –  لمظػ،  ات / الي اام    مف ىده البرىاملأ ت ار اا ف  مة 

 م  الطوبولود ،لف النمط و   ارد، لف ومعا  ر التبارام
 وتتدا ؿ ىده الن اط م  بع يا البعض م

عطالمػػا دػػاف مػػف الممدػػف التبػػار الػػنمط دمردػػ  مػػف المعػػوؿ العامػػ، لماػػادؿ الترت ػػر المعمػػار  وتمث عيػػا بأا ػػو ا
لغػػ، العمػػارة ،  و بن ػػ، دا ع ػػ، اػػت الاػػدؿ ،  و االػػدة تممػػؿ  مسػػتو ام الت طػػ ط ،  و التبػػاره تعػػؾ البن ػػ، العم  ػػ، اػػت

العياػػػػام والطوبولود ػػػػ، دمػػػػا تػػػػـ  اػػػػرميا تتمثػػػػؿ ب اسمدان ػػػػ، الينياا ػػػػ، لتنػػػػوع اػػػػدعت والتعػػػػد ؿ لعػػػػو الػػػػنمط ن سػػػػو م
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مػؿ ولػو تػـ الأ ػد بنظػر االتبػار  ف : الػنمط  م مواات اام الدا ع ،  مف السػ اؽ ال  ػاات ولػ س  اػدااً ممػددة 
والتبر ال مف ىو مداؿ التغ ر الد   تموؿ ا و الادؿ اليندست  ستمر لبر ال مفدمع، مف ال  ااص النول ، التت ت

 –مػػف ى اػػ، لأ ػػرؤ و ب ػػو ا ػػو ممااظػػا لعػػو   اا ػػو النول ػػ، ، اػػ ف الطوبولود ػػ، سػػتمثؿ م ناػػد الدانػػر المنط ػػت 
الي اػام /  مف  ػيؿالدالت الد   نت ؿ   و ؿ المعنولنمط ، وس مثؿ النمط الدانر المست الد  يندس، االر ا ت ل

 م  ال مفلبر برىام ال
وماسػب ا ،  مدػػف بسػيول، تمث ػػؿ   ػػا مػف العنا ػػر التػػت تػـ ر ػػدىا مػػ   ع  اتيػا ثػػـ التن ػػؿ بػ ف  اػػداليا بسػػيول، ، 

وسػطوه  مدػف  ل مثؿ دؿ ادؿ مال، مف الماام التػت  مدػف التواػؼ لنػدىا م  د تتاػدؿ الي اػ، لأ  اػدؿ مػف مااػام
، ومػف ثػـ ت سػ ـ ىػده الي اػ،  لػو اطالػام تت ػد ااػداا ماسػب ا م ال تيا  و ت ع عيا ، و مدف   ادة مدتيا  و تنع ميػا 

دمػا اػت العد ػد مػف الأمثعػ، التار   ػ،  :م تع ، ،  و تدور م  بع يا ل الح الي ا، ا  بح الادؿ النياات  ما مد لا 
لتغ ػػرام الاػػدع ، م وتو ػػح ادمػػا اػػت بعػػض النمػػادة التػػت اػػدميا البمػػ  : مػػد وا اػػت دػػؿ  وموامػػدا  و م تػػ ا  ، لعػػنمط

و عػػػرؼ ىػػػدا اسسػػػعور اػػػت مدػػػاؿ التمث ػػػؿ الرامػػػت بأسػػػعور ااسػػػتمال، م  (10)الشػػػكؿ ىػػػده ال دػػػرة دنػػػ، اال ا ػػػ، بالم
 م  55ات تول د الادؿ رام ادبعد راب   ، الد   ست دـ ال مف Metamorphosisال ور ، 

دعما دانم مرتبط، بال  ـ الم اى م ػ، الد ن ػ،  ، -المسادد بي ااتيا الم تع ،  لنمادة -ال  ـ الم اى م ،  فو بدو :  
اً ، نااػد  ـ اً متع  ػ دػاف ،  ـ اً م ػمم:  دعما ترس م ىده النمادة ات الدادرة الدمع ، لعع ؿ المسػعـ  ، لعع  دة ااسيم ،

 ه ال ػ ـمثػؿ ىػدتو  م56 و الن ػوص الن د ػ،  ػا مردع ػ، لعنتادػام اليم ػ، وما  رااؽ دلؾ مف تدرار ليده ال  ـ دانمػاط لع
العامؿ الأوؿ الد       لو ا ت ار  بالتبارىاال  ـ الدال ، لعنمط الدامن، ات  ا  تو النول ،  مف ودي، نظر البم 

تععػر توظ  ام ليا  ، دد دة لمدونػام المسػدد م  وتظير النمادة التت ادميا الب م الي ا، التت  دوف لع يا النمودة
لعػػػو ال ػػػ ـ الدال ػػػ، لمدوناتػػػو لدنيػػػا مػػػ  دلػػػؾ تب ػػػو ممااظػػػ، لعػػػو اػػػتل مػػػف ال  ػػػااص النول ػػػ، الدامنػػػ، اػػػت تعػػػؾ 

   المدونامم
لدػػف التسػػا ؿ الػػد  اػػد  طػػره ن سػػو ىػػو  لػػو    المػػدود  مدػػف لع عال ػػام غ ػػر الد ن ػػ، اػػت المسػػدد  ف تػػ ثر لعػػو 

 ػػرؤ البمػػ   ف دػػوار مثػػؿ ىػػدا التسػػا ؿ   ػػ  ا مػػا لػػرؼ اػػت ال دػػر  م 57بػػره المسػػعموف لمومػػا : م دسػػاطب عػػ، مػػا  عت
بدؿ ابعاده المتعػارؼ  التت  دوف لع يا النمط االس اؽ  ب و ىو الممدد اخ ر ا ت ار الي ا،المابعد مداات بالس اؽ ، 

 مومرمتو ادس ، المسدد و ب و ىدا دعو بع دا لف ، لع يا اس ما الأبعاد اادتمال ، والث اا ، 
اػػػوات  دػػػوف لػػػ مف ، تبػػػدو الأنمػػػاط العع ػػػا ودأنيػػػا تتعػػػالو اػػػتوب نمػػا  مػػػد  دلػػػؾ دعػػػو اػػػت دػػػؿ برىػػػ، مػػػف برىػػػام ا

Hyper-Universe ،  لتاػػػدؿ مػػػػف  يلػػػػو م  اسػػػػا لعمدػػػػـ لعػػػػو م ػػػداا ، الدالػػػػ، لأ  النمػػػػودة ، وىػػػػو دػػػػوف  ػػػػددر
الربػػالت الأبعػػاد الػػد  تتوادػػد ا ػػو الطوبولود ػػ، ن سػػيا بػػو ، لتنظػػر منػػو  لػػو م  ػػاس  Hyperspaceبال  ػػال ال ػػوات 

 ال مف وىو  ايد التموام ات الي ا، ، ات دؿ برى، منو م
 واأستنتاج القراءات  خلاصة .6

 )تػـ تتبػ  العياػام النمط ػ، ومم  اتيػا اػت دمعػ، مػف المسػادد المعا ػرة التت   ػدميا ىػدا البمػ  الر  ،  سظيار
تظيػػر النمػػادة المعا ػػرة لعمػػارة المسػػادد لعػػو ا ػػتيؼ م ترباتيػػا ، وب ػػمنيا تعػػؾ التػػت  تبػػدو  اػػداليا و  م (1جػػدوؿ 

منتد، رام ا ، مدمول، مف ال  ااص التت ت دد طب عتيا الوظ   ، دمسادد مػف ديػ، ، والتػت تمػااظ لعػو العياػام 
 (11الشكؿ  ).وال  ااص النول ، مف دي،   رؤ ، وىت   ااص متوارث، م  النمط ن سو 

، م رونػػا بمػػااط ال بعػػ، والممػػرار ، باسػػتثنال مػػا دػػال بػػو مسػػدد مبػػدا ا  ػػمم دػػؿ المسػػادد ا ػػال لع ػػية ول ػػد 
التياػػت   المسػػدد المتياػػت . مػػف مالػػ،  ا ػػ، ا ت ػػو ا يػػا ديىمػػا ل ػػالح انطبػػاع غ ػػر م   ػػت بتياػػت الدػػدراف 
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التت  ت امـ والتودو نمو ال بع، ، وىو مؿ لع و اتل مف التم ظ لأنو   ت ؿ معو مال، اا ط اؼ ات ال ؼ الأوؿ 
م لدػػف الم ػػعو دػػاف مودػػودا ، رغػػـ  نػػو  ػػـ  ا ػػ ، اان تػػاه لعػػو السػػمال ، وىػػت  ا ػػ ، مػػف لأدعيػػا الم ػػعوف 

 ات التودو نمو ال بع، ات دم   الأمثع،  م  ولموما داف ىناؾ ثبامم  ( 5) شكؿ  واص ال  ال الوسطت  و ال نال 
م  م ور اس  اع ات ا ال المرـ بادؿ  و بآ ر، التت ادمم م ادرىا ت ورا لعم عو ، دما  ظيرم الأمثع، 

المسػػدد الم تػػره مػػف ، دمػػا اػػت ال ػػية  وباتدػػاه م ب ػػ وؼ الم ػػع فدػػاف لػػبعض اس  الػػام   و ػػ ، ارتبطػػاػػد و 
الد  تدردم ا و  ر  ، الم عو ، وىو ن س الم تره الد  مؿ ا و ال دػاة  ( 4) شكؿ الترد ،  معمار و ماندوارد، 

سػيمت اا مردػ المسػدد و المبنػو ،  ارنسػا -ستراسػبرغ مسدد  ىال مد د اػت ، وددلؾ مداف ال يدة ات مااط ال بع، 
 م  ( 8) شكؿ ماند را ا  ارس ات لندف ل

ولعو مستوؤ الم ترر ،  ظيرم دؿ المسادد امت اظيا بد ل منيا  رت   لمود ػا  مثػؿ المادنػ، ،  بػدو ىػدا الدػ ل 
و بػدو  ف ودػود ىػدا م  و مػدمدا معيػا ام انا بادؿ لن ر اااـ بمد داتو و م انا  بدو امتدادا لدتع، المبنو الرا س ، ، 

اعػػـ تدػػف  مػػا ال بػػ، م  اػػت السػػ اؽ الم ػػر  بودػػود المسػػدد دال ػػا ارتػػبطاػػد المتدػػو العمػػود  الدػػامف اػػت ودػػود المادنػػ، 
 ( 6) شػكؿ  مدمد، مػ  دتعػ، المبنػو الرا سػت بدم ام انا لدنيا،  المادن، ات معظـ النمادة م ور وا م، دما داف

 م  ( 3) شكؿ  ( 2) شكؿ  مدمد، م  المادن، ن سيا و م انا
ال ػمف ، دلػؾ ال  ػال الم تػػوه نمػو السػمال ا ػد ا ت ػو اػػت العد ػد مػف المسػادد باػدعو الت ع ػػد  ،  وا مػا   ػص

لدنػػو ظيػػر باػػدؿ ا ػػال مردػػ   اػػت بعػػض الأمثعػػ، تدونػػو دتػػؿ ال عال ػػام الم تع ػػ، الما ػػرة مػػ  المسػػدد اػػت امثعػػ، 
ال  ال ، ب در ما  عتبر امتػدادا  لػو المراد  اسسيم ، ، ا س ما تعؾ التت اناأم ات دوؿ غ ر  سيم ، ، ومثؿ ىدا 

ا ىػو المػاؿ اػت المرادػ  مػمرـ المسدد ،  ا  نو التبر ددلؾ سام، لع ال والموار ب ف البار مف م تعػؼ الطوااػؼ ، د
 –ولنػدف ،  ( 7) شكؿ ، التت تـ ا ت ار ماروليا ال اا  ات ىدا البم   لبان ا  -ت رانا : سيم ، التت ااترمم ات سا

 م(4) شكؿ  (3) شكؿ است داـ المال والم  اة دعنا ر ت م م ، ات بعض النمادة  ولـ  غر م (9) شكؿ  ندعترا 
و بػػدو  ف الاػػدؿ النيػػاات لعمسػػدد ب ػػت ، دمػػا تػػـ تا   ػػو ، ممتادػػا  لػػو ال ػػط العربػػت و/  و ال  راػػ، لتثب ػػم 
ىو تو دمسدد وبالتالت ا نو رغـ لموم ، التدر د الد  تأتت بو اليندس، الطوبولود ، وبالتالت لولم، الاػدؿ ىنػاؾ نػوع 

 مػػا ال  راػػ، العرب ػػ، اسسػػيم ، ايػػت  ،ر ـ وىػػو   و ػػ تو مػػف التػػرابط اساع مػػت ، اػػال ط العربػػت ىػػو لغػػ، ال ػػررف الدػػ
 ا ػ ، مػف   ػااص العمػػارة اسسػيم ، ، وليػدا ميمػػا دػاف التدر ػد طاغ ػا ا نػػو  ب ػو ممتادػا ليمػػا اػت تم  ػ  الػػربط 

بار ، لعمسدد ولياتيا بال  ـ الاػدع ، لبػر اسػتثارة الػدادرة بغػرض تم  ػؽ ال بػوؿ والمعنػو والم ػاظ لعػو تب ف ال  ـ اال
 مدانم ال  را، وال ط العربت ما ر ف معا ،  و  مدىما ، ات  غعر الأمثع،  بدلؾالمبنو مف ااندثار م 

أعمػى فػي تػي كػاف لهػا حضػورا ومف  نا يمكػف مبػدئيا القػوؿ أف أ ػـ الخصػائص النوعيػة لمكونػات المسػجد ال
سػوة بالمئذنػة ، وجػود الزخرفػة أاأتجػاا نحػو الأعمػى  ي : اأتجاا نحو القبمة ، إيقاع صػفوؼ المصػميف ، الأم مة 

ودػاف التأد ػد لع يػا  مػا العنا ػر اا ػرؤ ادػاف ودودىػا ا ت ار ػا  أو ال نػيف معػا . أحيانا والخػط العربػي أحيانػا أخػرى
 ادار الت م م ، مواستم ارىا  رتبط بالأ
الواا   ف اػػاػػت المسػػدد بالتبػػاره مردػػ ا دراسػػ، ال ػػررف والتػػدارس والع ػػال والمػػوار تعػػدد الوظػػااؼ  مػػا ا مػػا   ػػص 

وامد لو   غ،   رؤ دالم بيا متطعبام الع ر ،  ا وىػت  ف  دمػ  المسػدد  / ا ال دمعيا م  المسدد ات مبنو
وب عؿ لدـ ارتباط  دال وظ  ، ال ية بمداف د    غ، اػدع ،  م  اعال ام ث اا ، م ىدا مف دي، ، مف دي،   رؤ ،

وا ت عػو العد ػد ممددة ، ا ف  دال ال ية ات المدتمعام اسسيم ، ات ىدا الع ر   بح ممدنا متػو اػت الاػارع ، 
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 ػرض مػ ف مف م سسام العمؿ ، لعو ا تيؼ  نماطيا ، مف مداف  ت ده المسعموف م عو   مسددا . ليـ ل ػ دوا ال
   م ف واتو  ثنال لمعيـ م

 ي ػ، ال ػوؿ و   ف ادس ، المداف ترتبط ب دس ، ال رض ا بادعو وا بالوظااؼ الأ رؤ التػت  مدػف  ف   ػميا م
تد ػػ  مػػف منطعػػؽ ، ودااتػػو الػػوظ  ت  –الأدال الط سػػت اػػت  ال ا ػػ ، النول ػػ، لعمػػارة المسػػدد دػػنمط ، الدامنػػ،  ف : 

نمػػػو مر ػػػ، التعب ػػػر لمدوناتيػػػا ، والػػػدىار بيػػػا   والػػػر الاػػػدع ، الت ع د ػػػ،وطػػػاة ال طوبولػػػودت  مدان ػػػ، تمػػػرر الدالػػػ، مػػػف
اػػد  دػػوف مػػف الممدػػف وبالتػػالت  م لعمسػػدد ارتباطػػو بػػدادرة ال ػػرد والدمالػػ،اػػداؿ مػػف اػػأنيا  ف تم ػػظ مدونػػام دام  ب
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 إسم المسجد
 المكونات الإضافية المكونات الأساسية

 معالجة السطوح الصحن  القبة  المأذنة حائط القبلة إيقاع المصلى

لامٌة
س
لإ
ن ا

ً البلدا
جد ف

سا
الم

 

 مسجد شعاع الضوء

المصلى ذو 
جزئٌن ٌكونان 
شكل موشوري 

 باتجاه القبلة 

لا ٌوجد حائط 
 فعلً للقبلة

المؤذنة مدمجة مع القبة لٌس 
 لأي منهما شكل واضح

 لا صحن

استخدام الزخرفة 
باسلوب ٌعتمد على 

الإنارة فً الفضاءات 
 العامة للمسجد

 مسجد قلب دبً
المصلى مدمج 

 مع القبة

حائط القبلة 
ٌحمل الخط 

 العربً 

الماذنة 
تختفً فً 
 قلب القبة

القبة تحمل 
 إٌقاع المصلى

لا صحن لكن 
المسجد ٌجلس 

على الماء 
 لتحقٌق العزل 

استخدام الزخرفة 
والخط العربً  فً 

 وخارجهالمصلى 

 مسجد معمارٌو مانكو

أرضٌة المصلى 
مدرجة لها إٌقاع 
المصلٌن ومزٌن 

 بالخط 

زجاجً ، بما 
فً ذلك 
 المحراب

 له مؤذنة
 -لا توجد قبة 
القبة تحولت 
 لشكل مكعب

لا صحن لكن 
المسجد ٌقع فً 
 فضائه الخاص

استخدام الخط العربً 
 فً المصلى

 مسجد التلاشً

غٌر مسقف ، 
مفتوح إلى 

السماء ، معزز 
بالإٌقاع فً 

الجدران 
 والأرضٌة

لاوجود فعلً 
لجدار القبلة ، 

ٌتلاشى 
المسجد 

 باتجاه القبلة

 لٌس له  قبة  له مؤذنة

لاوجود للصحن 
، لكن الانفتاح 

على السماء 
كخاصٌة ، 
مدمجة مع 

 المصلى

 لا وجود للزخرفة

لامٌة
س
لإ
ر ا

غٌ
ن 

ً البلدا
جد ف

سا
الم

 

مسجد كولون المركزي 
 المانٌافً 

محتوى ضمن 
قبة رئٌسٌة ذات  

 ارتفاع كبٌر

وجود حائط 
 للقبلة

له أكثر من 
 مؤذنة 

القبة مجزأة 
بشكل شرائح 

وتغطً 
 المسجد 

فضاء ٌتشكل 
بٌن المسجد 

وباقً أرجاء 
 المركز

 لاوجود للزخرفة

مسجد ومركز إسلامً  
 ألبانٌا –فً تٌرانا 

ٌتمتع المصلى 
بكل المواصفات 

التً تتمٌز بها 
 كتل المركز 

وضوح حائط 
 قبلة 

 له مؤذنة

أتخذ الشكل 
السالب للقبة 

وتم حرفه 
 لتشكٌل للكتل

فضاء ٌتشكل 
بٌن المسجد 

وباقً أرجاء 
 المركز

له إٌقاع زخرفً 
وحدته مإلفة من 

نوافذ ضغٌرة 
 مستطٌلة

مسجد مدٌنة 
 ستراسبورغ

المصلى مكون 
من تتابع إٌقاعً 

 شرٌطً 

تمٌز معالجة 
 حائط القبلة

 لٌس للمسجد مؤذنة أو قبة

تكون أجزاء 
المصلى فضاء 

وسطٌا ٌسبق 
 الدخول للمسجد

لا ٌبدو استخدام 
الزخرفة والخط 

 العربً
 واضحا

مسجد ومركز اسلامً 
 فً لندن

له مصلى بخطوط شبكٌة إٌقاعٌة 
ٌحمل بعضها أشرطة من الخط 

لاٌبدو حائط  العربً والزخارف و
 القبلة واضحا

له أكثر من 
مؤذنة غٌر 
موحدة فً 

 الشكل

 لاوجود للقبة

فضاء ٌتشكل 
بٌن المسجد 

وباقً أرجاء 
 المركز

ٌمتلك المصلى 
أشرطة من الخط 

العربً والزخارف ، 
كما ٌكون هٌكل الكنلة 

الإنشائً إٌقاعا 
 زخرفٌا
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