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ABSTRACT 

The  use  of  blended  cement  in  concrete  provides economic, energy savings,  and ecological  

benefits, and also  provides. Improvement in the properties of materials incorporating blended 

cements. The  major  aim  of  this  investigation  is  to  develop  blended  cement  technology using  

grinded local rocks . The research includes information on constituent materials, manufacturing 

processes and performance characteristics of blended cements made with replacement (10 and 20) % 

of grinded local rocks (limestone, quartzite and porcelinite) from cement. 

The main conclusion of this study was that all types of manufactured blended cement conformed to 

the specification according to ASTM C595-12 (chemical and physical requirements). The percentage 

of the compressive strength for blended cement with 10% replacement are  (20, 11 and 5) % , (2 , 12 

and, 13) % and (18, 15 and 16) %  for limestone , quartzite and porcelinite  respectively at (7,28 and 

90)days for each compare to the reference mix, while blended cement with 20% replacement are (-3, 

-5 and -11) ,(6, -4% and -5) and (6, 4 and 6) % for limestone , quartzite and porcelinite  respectively 

at (7, 28 and 90)days compare to the reference mix .The other mechanical properties (flexural tensile 

strength and splitting tensile strength) are the same phenomena of increase and decrease in  

compressive strength. The results indicated that the manufacture Portland-limestone cement, 

Portland-quartzite cement and Portland-porcelinite cement with 10% replacement of cement with 

improvable mechanical properties while the manufacture Portland-porcelinite cement with 20% 

replacement of cement with slight improvable mechanical properties and more economical cost. 

 

Key words: blended cement, limestone, quartzite, porcelinite. 

 

الحاوية على سمنث مخلوط مع مطحون صخور محلية بعض الخواص الميكانيكية للخرسانة  

 

  احوذ علٖ ابشاُ٘ن العة٘ذٕ                               د.صٌٗث خض٘ش عةبط العٌةْسٕ                                     

          هذسط هسبعذ                                                                                      اسدبر هسبعذ          

 بهث لدشب٘ث بغذاد الكشخ الثبً٘ثشٗث العالوذٗ                    ث            قسن الٌِذسث الوذً٘ -كل٘ث الٌِذسث  -خبهعث بغذاد

 

 الخلاصة

ْفش خحسةٌب فةٖ خةْال الوةْاد ٗة ّ كةزل الفْائذ الة٘ئ٘ةث  ,طبقث لل حفظ, ْٗفش اقدصبدٗب اسدخذام السوٌح الوخلْط فٖ الخشسبًث 

وحل٘ةث , الةحةث الِذف الشئ٘سٖ هي ُزا الةحث ُْ خطْٗش سةوٌح هخلةْط هةي هطحةْى الصةخْس ال الدٖ ٗسدخذم فِ٘ب السوٌح هخلْط.

(% هةي هطحةْى الصةخْس الوحل٘ةث 01ّ 11ٗدضوي هعلْهةبج عةي عول٘ةث الخلةظ ّالدصةٌ٘ا ّخصةبئء اعداس هةا ًسةا اعسةدةذا   

 .الةْسسلٌ٘بٗح ( هي السوٌح  ّ الحدش الد٘شٕ , الكْاسخضاٗح 

 ASTM    هطببق للوْاصفث اعهشٗك٘ثاعسدٌدبج الشئ٘سٖ هي ُزٍ الذساسث ُْ اى خو٘ا اًْاع السوٌح الوخلْط الوصٌا           

C595-12  ًدبئح فحء هقبّهث اعًضغبط للخشسبًث الحبّٗث علٔ  ًسةثلودطلةبج الف٘ضٗبئ٘ث ّالك٘و٘بئ٘ث الخبصث ببلسوٌح الوخلْط .ل

(%  للحدش الد٘شٕ , الكْاسخضاٗح 16,15,18(% ّ  10,0,,1(% ,  5,11,01% اسدةذا  هي السوٌح ُٖ كبعخٖ   11

% هي السوٌح  01, فٖ ح٘ي اى اعسدةذا  ها  هقبسًَ ببلخلطَ الوشخعَ٘ لكل ًْع ( ْٗم91,08,7سلٌ٘بٗح علٔ الدْالٖ فٖ  ّالةْس

 ( 91,08,7ٗح علٔ الدْالٖ فٖ  ( للحدش الد٘شٕ , الكْاسخضاٗح ّالةْسسلٌ٘ب6,4,6(% ّ 5-,4-,6  (%,11-,5-,,-ُٖ كبعخٖ  
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ٍ فوي خلا  الٌدبئح ٗدة٘ي اى الضٗبدت ّالٌقصبى ُٖ فٖ اعخدب ثٌبس ,فحء قْت اعًشطبس(قْت اعًاهب الخْال اعخشٓ  فحء  ْٗم.

 ّ الحدش الد٘شٕ , الكْاسخضاٗح سوٌح هي هطحْى الٌدبئح خْضح اى افضل ًسةث اسدةذا  هي ال .فٖ فحء هقبّهث اعًضغبط راخَ

ها خحسي طف٘ف للخْال الو٘كبً٘ث  الةْسسلٌ٘بٗح وطحْىل% 01ٗوكي أسدخذام بٌ٘وب خ٘ذ ها خحسي  %11ُٖ ًسةث  الةْسسلٌ٘بٗح (

  . ّ أقل كلفث

 الةْسسلٌ٘بٗحهطحْى حدش الكْاسخضاٗح ,  هطحْى حدشالحدش الد٘شٕ ,هطحْى السوٌح الوخلْط , .. ات الرئيسيةمالكل

 

1. INTRODUCTION 

The ACI 116, 2000, defined blended cement as a hydraulic cement consisting essentially of an 

intimate and uniform blend of granulated blast-furnace slag and hydrated lime, or an intimate and 

uniform blend of Portland cement and granulated blast-furnace slag, Portland cement and pozzolan , 

or Portland blast-furnace slag cement and pozzolan, produced by intergrading Portland cement 

clinker with the other materials or by blending Portland cement with the other materials, or a 

combination of intergrading and blending. 

With the extensive use of cement in concrete, there have been some environmental concerns in 

terms of damage caused by the extraction of raw materials and CO2 emission during cement 

manufacture. This has brought pressures to reduce the cement consumption in industry. At the same 

time, more requirements are needed for the enhancement of concrete durability to sustain the 

changing environment which is apparently different from old days, Ishwar, 2012. 

2. LITERATURE REVIEW 

All the cementitious materials have one property in common: they are at least as fine as the 

particles of Portland cement, and sometimes much finer. Their other features, however, are diverse. 

This applies to their origin, their chemical composition, and their physical characteristics such as 

surface texture or specific gravity. Some of these materials are cementitious in themselves; some   

have latent cementitious properties, yet others contribute to the strength of concrete primarily 

through their physical behavior. It is proposed, therefore, to refer to all these materials cementitious 

materials, Neville, 2011. 

Limestone is a sedimentary rock composed primarily of calcium carbonate (CaCO3) in the form 

of mineral calcite. It is most commonly formed in clear, warm, shallow marine waters. It is usually 

an organic sedimentary rock that is formed from the accumulation of shell, coral, algal and fecal 

debris. It can also be a chemical sedimentary rock formed by the precipitation of calcium carbonate 

from lake or ocean water. Most limestone is crushed and used as a construction material. It is used as 

a crushed stone for road base and railroad ballast. It is used as an aggregate in concrete. It is fired in 

a kiln with crushed shale to make cement, Geology, 2014. 

İnan Sezer, 1986, showed that consistency water demand decreases when limestone and clinker 

are interground together. Studies by P'era et al., 1999, suggested an accelerating effect of limestone 

on the hydration of cement and showed that different hydration products are formed due to the 

presence of CaCO3. A general observation is that transformation of ettringite into monosulfate is 

delayed by the calcium carbonate, Taylor, 1997, Kakali, 2001 and Erdoğdu, 2000, prepared 

blended cements with 5, 10, 20, and 30% limestone replacement ratios, and reported that consistency 

water demand decreases with the increasing limestone replacement.  

Al-Taai, 2009, observed that concrete produced from limestone-ordinary Portland cement 

generally shows enhanced workability properties which are particularly useful in unformed surfaces. 

Quartzite is a non-foliated metamorphic rock that is produced by the metamorphism of sandstone. It 

is composed primarily of quartz. The term quartzite implies not only a high degree of hardening 

(induration), or “welding,” but also a high content of quartz; similar rocks that contain appreciable 
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quantities of other minerals and rock particles are impure quartzite’s, more appropriately called gray 

wacke, sandstone, or the like, Britannica.com, 2014. 

Snellings et al., 2013, studied a comparison between the early-age hydration of cements blended 

with micronized zeolitite and quartzite powders. The Portland cement replacement in the mixes was 

30 %, and the effect of introducing a superplasticizer to lower the required water to solid ratio was 

assessed. The cement pastes were hydrated at 40°C and monitored in situ by time-resolved 

synchrotron X-ray powder diffraction combined with Riveted quantitative phase analysis. 

The quantitative evolution of phase weight fractions showed that the addition of the zeolite tuff 

accelerated the hydration rate of the main C3S cement component. Blending with the quartzite 

powder of similar fineness did not affect the C3S hydration rate. Reduction of water to solid ratio by 

introduction of the superplasticiser had a retarding effect on the hydration of the zeolitite-blended 

cement over the early hydration period up to 3 days and the quartz content in the quartzite blended 

cement did not present any significant changes over the period of examination. There was no 

evidence for the pozzolanic reaction between quartz and CH to occur within the experimented time 

span of 48 h .The researchers explained   results of the values for the mean volume weighted 

crystallite sizes which is 75 ± 2 nm for the clinoptilolite phase in the zeolitite and 410 ±3 nm for 

quartz as the main component of the quartzite. This effect of crystallinity on the cement hydration 

was also encountered in a previous study when comparing a well-crystallised chabazite and a typical 

clinoptilolite tuff of lower clinoptilolite crystallinity Snellings et al., 2013. 

 Porcelanite is one of the important industrial sedimentary rocks in Iraq .it has gone under more than 

20 different names, where many are commercial trademarks (e.g. diatomite, diatomaceous earth, 

kieslelguhr, cellite, filtac .etc), AL-Jabboory, 1999. 

In 1986, the state company of Geological Survey and Mining discovered Porcelanite rocks in 

wadi Mallusa in the Iraqi western desert, between Reba, Traibeel and Akashat,.Preliminary studies 

were made to find its mineral and chemical properties, as well as estimating the reserve of these 

rocks. Porcelinite rocks are sedimentary deposits associated with clay stone, white to creamy in color 

and highly cracking.  

Al Kassab, 2006, studied the requirements of durability for very severe sulfate attack of ACI 318 – 

2005 were tested on local materials. Two sulfate resisting cements having low C3S (49.4 and 47.5) 

%, were used with (0, 5, 10 and 15) % porcelinite (natural pozzolana) as addition.  Addition of 

porcelinite to cement increases the 28 days compressive strength of concrete also increases its 

resistance to sulfate attack at that age. At later ages the compressive strength and sulfate resistance of 

concrete are the same for both plain cement and cement blended with porcelinite when low C3S in 

cement is used (not more than 50%). 

3. EXPERIMENTAL PROGRAM  

 

3.1 Materials  

3.1.1 Cement 

       Iraqi ordinary Portland cement manufactured by AL-Mass cement factory (Sulaimaniyah 

governorate) was used in the investigations the chemical composition and physical properties of the 

cement are shown in Tables 1 and 2. The results conformed to the Iraqi specification No. 5/1984. 

 

3.1.2 Fine aggregate 
The fine aggregate used throughout this study is brought from AL- Ukhaider region. It re 

sieved to conform the grading of fine aggregate. The grading and physical properties (specific 

gravity, absorption, sulfate content and moisture content) are shown in Table 3. The used sand is 

within zone 2 according to the requirements of the Iraqi Standard Specification No. 45, 1984. 
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3.1.3 Coarse aggregate    

          Crushed gravel of 14 mm nominal size from AL-Soodor district was used.  Table 4 shows the 

physical properties of coarse aggregate and the grading of coarse aggregate which conforms to the 

limits of the Iraqi specification No. 45/1984. 

 

3.1.4 Water 
          Tap water was used for mixing and curing of samples. 

 

3.1.5 High range water reducing admixture 
          Hyperplast PC260 is a high performance super plasticizing type A (Formerly known as 

Flocrete PC260) admixture based on polycarboxylic polymers with long chains specially designed to 

enable the water content of the concrete to perform more effectively. Table 5 shows the technical 

properties of Hyperplastic PC260 

 

3.2 Raw Material and Grinding Process 
         The raw material of limestone, quartzite and porcelinite contains rocks being grinded in the 

Building Research Center/Ministry of construction and, it was crushed, stormed then transformed 

into a powder finer or equal to fineness of cement for the purpose of getting the most of their 

effectiveness 

 

3.2.1 Limestone powder 
         A fine Limestone powder of Iraqi origin (Sulaimaniyah governorate with specific gravity of 2.6 

was used. Table 6 shows the chemical analysis for limestone powder. 

 

3.2.2 Quartzite powder 

         A fine quartzite powder of Iraqi origin (Al-Anbar governorate) with specific gravity of 2.61 

was used. Table 7 shows the chemical analysis for quartzite powder and it’s confirmed to the 

requirement in, ASTM 618, 2012. 

 

3.2.3 Porcelinite powder 

         A fine porcelinite powder was brought from Akashat district (Al-Anbar governorate) with 

specific gravity 1.5. Table 8 shows the chemical analysis for porcelinite powder and it’s confirmed 

to the requirement in, ASTM 618, 2012. 

 

3.3 Mortor Mixes and Strength Activity Index of Quartzite and Porcelinite  

         Mixing of mortar was carried out by a small laboratory mortar mixture according to 

ASTMC109/C109 M, 2002, Tables 14, 15 and 16 show the result of mortor mixes for CL, CQ and 

CP. Control and test mixtures were prepared for strength activity index. The cement or cementations 

materials (C+ (Q, P) to fine aggregate ratio is 1: 2.75mix proportions according to ASTM C109, 

2002. The strength activity index is 84% and 96 % for CQ and CP respectively and CL is equal to 75 

% according to ASTM C311, 2002. 

       

3.4 Concrete Mixes  

    In this investigation, the reference concrete mixture was designed to give 28 days as 

characteristic compressive strength of 35 MPa, according to ACI 211.1,1991. The proportion of mix 

was 1:1.6: 2.0 by weight of cement, sand, coarse aggregate respectively. Cement content was 451 

kg/m³ and the water to cement ratio was 0.47 to give slump of 100 ± 25 mm. The details of the mixes 
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used throughout this investigation are given in Table 9. The slump test method was carried out by 

ASTM C143, 2005. 

 

3.5 Mixing of Concrete  

          Mixing process of concrete was performed according to ASTM C192, 2006 .Using pan mixes 

and drill, in case of blended cement. At beginning, the cement was mixed with limestone, quartzite 

or porcelinite until the blended cement was homogenous. The interior surface of mixer was cleaned 

and moistened before placing the materials. For the concrete, the dry constituents were placed in the 

pan mixer; cement was placed with sand and mixed and then gravel was added. The dry materials 

were firstly mixed together to attain a uniform mix and then the required quantity of SP and tap 

water were added. The whole mix ingredients were mixed for a period until homogenous concrete 

was obtained, and then slump tests were measured immediately after mixing. The slump test was 

done and followed by the casting of concrete in the molds. 

 

3.6 Testing of Hardened Concrete  

3-6-1 Compressive strength test  

         The compressive strength test was made according to B.S.1881: part 116 using 100 mm cubes. 

The compressive strength   cubes were tested using a standard testing machine with capacity of 

200000 LBS (909kN). 

 

3.6.2 Splitting tensile strength test  
          The splitting tensile strength test was carried out in accordance with ASTM C496, 2007. 

100x200 mm cylindrical concrete specimens and tests were performed using testing machine at a rate 

of 1.1 MPa per minute. The average of three cylinders was taken at each test.  

 

3.6.3 Flexural strength test  

          This test was carried out on (100×100×400) mm prism specimens in accordance with ASTM 

C293, 2006 using (TINIUS OLESN) testing machine with capacity of 650 kN , 

 

3.6.4 Dry density 

This test was performed according to ASTM C642, 2003 on average of two cubic and the dry 

density was calculated for ages 7, 28 and 90 days. 

 

 

4. RESULTS AND DISCUSSION 

   

4.1 The Influence of Manufactured Blended Cement on Chemical Composition   

Tables 10, 11 and 12 show the chemical analysis for Portland –limestone cement (type IL), 

Portland-quartzite cement (type IP) and Portland-porcelinite cement (type IP) respectively with 

replacement proportion (10 and 20) % for each powder. The (L.O.I), SO3 content as presented are 

specified with limits for the specification requirements in ASTM C595, 2012 for each type of 

cement. 

  

4.2 The Influence of Manufactured Blended Cement on Physical Properties of Concrete 

From an examination of the obtained test results shown in Tables 14, 15 and 16, they seem 

that the standard consistency , compressive strength of Mortor , initial and final time are specified to 

the requirements in ASTM C595 , 2012. 
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4.3 The Influence Limestone Powder (LP), Quartzite Powder (QP) and Porcelinite Powder) 

(PP) Replacement on the Physical Properties of Concrete. 

4.3.1 Compressive strength 

Table 16 and Fig. 1 show the variation of compressive strength with different replacement of 

LP, it can be seen that 10% (ML10-1) of compensation increases the compressive strength by (20, 11 

and 5) % at (7, 28 and 90) days respectively and 20% (ML20-1) of compensation resulted in (-3 , -5 

and 11)% at (7, 28 and 90) days respectively compared with M ref -1 ; several combined effects may 

be called upon to explain strength maintenance. In the presence of filler, the solid skeleton may be 

strengthened to a more homogeneous distribution of smaller C–S–H crystals, finer pore structure, 

accelerated cement hydration ,Mossberg  and et al., 2003, Moreover, the bond between cement 

paste and sand particles may strengthen the reduction of the wall effect provided by the fine particles 

filling ,Lawrence, 2003. 

Table 17 and Fig. 2 also show the variation of compressive strength with different 

replacement of QP; it can be seen that a 10 % compensating(MQ10-1) increases the compressive 

strength by       (2, 12, and 13)% at (7, 28 and, 90) days respectively compared with the reference 

mix  while  20 % compensating(MQ20-1) shows  a decreasing (-6,-4, and -6 )% at  (7,28 and 90) 

days respectively compared to reference mix concrete . Several combined effects may be called upon 

to explain strength maintenance. In the presence of quartzite powder ,the silicate ions may react with 

lime produced from the cement hydration to produce additional calcium silicate hydration 

products(C-S-H).Such  increase  in  compressive   strength  of  QPC is mainly due  to presence of 

high silica and the  pozzolanic  reaction of QP the presence of high amount of QP (20 % in this 

study) leads to low value in compressive strength which may be because the cement paste is not able 

to coat all fine and coarse particles ,so a drop in the reactive cement component results in significant 

physical modifications of the material. 

Table 18 and Fig.3 show the variation of compressive strength with different replacement of 

porcelinite powder (PP); it can be seen the compressive strength is increased by (17, 15, and 18) % at 

(7, 28, 90) days, respectively, and (6, 4 and, 5.5) %, at (7, 28 and 90) days respectively for (10 and 

20) % compensation compared with reference mix concrete; several combined effects may be called 

upon to explain strength maintenance. The increase in compressive strength of concrete may be due 

to the formation of the secondary C-S-H products from the reaction of the porcelinite with Ca (OH) 2 

and filling the pores of cement paste, reducing the permeability of concrete and increasing the 

compressive strength. Such  increase  in  compressive   strength  of  PPC is mainly due  to presence 

of high silica and the  pozzolanic  reaction of PP which depends on the activity of pozzolana , 

Matched and et al.,2007 . 
 

4.3.2 Splitting tensile strength 

Table 16 and Fig. 4 show that the splitting tensile strength at ML10-1 (10) % replacement is 

found to be (30, 16.5 and 8.7) % at (7, 28 and, 90) days respectively and at ML20-1(20) % 

replacement is found to be (1, -3 and -6) % at (7, 28 and 90) days respectively compared to reference 

mix concrete. 

            Table 17 and Fig. 5 show the splitting  tensile strength ; the results percentage  is ( 7.7 , 18.5 

and, 7)%  at (7,28 , 90 ) days  respectively for 10% QP as replacement of cement  and (-1.3 , -3.3 and 

-4.3 )%  at (7,28 and 90 ) days respectively for (20 )% QP as replacement of cement  relative  to  the  

reference  M ref-1. The increase mainly may be due to the pozzolanic reaction of the QP with 

calcium hydroxide liberated during the hydration of cement.  This reaction contributes to the 

densification of the concrete   matrix, thereby strengthening the transition zone and reducing the 

micro cracking leading to a significant increase in tensile strength, Naik, 2003.          
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Average values of three samples for splitting tensile strength are explained in Table 18 and 

Fig. 6 show the splitting  tensile strength , the results percentage  is   (13.2 , 11.52 and 9.7)%  at 

(7,28 and 90 ) days,  respectively and (0.19 , 3.32  and 3.71)% at (7,28 and 90 ) days, respectively for 

(10 and 20 )% replacement respectively relative  to  the  reference  M ref-1.This increase is mainly 

due to the pozzolanic reaction of the PP with calcium hydroxide liberated during the hydration of 

cement.  This reaction contributes to the densification of the concrete   matrix, thereby strengthening 

the transition zone and reducing the micro cracking leading to a significant increase in tensile 

strength, Naik, 2003. 

                                                 

4.3.3 Flexural tensile strength 

Average values of three samples for flexural tensile strength are explained in Table 16 and 

Fig. 7 show the Flexural tensile strength for 10% replacement of LP, it  is (14.4 ,5.0 and 4.2 )% at 

(7,28 and 90 ) days respectively, while the result percentage of  20% replacement of LP  is  (2.3,-4.3, 

and -4.2) % at (7,28 and,90 ) days respectively. 10 % replacement is the best result and that result 

agrees with compressive strength behavior. 

            Table 17 and Fig. 8 show the Flexural tensile strength for 10% replacement (MQ10-1) is 

(5.2,5.7 and,7.7) % for (7,28 and 90 ) days respectively, while 20% replacement (MQ20-1)  is (-1,-2 

and,-4) % for (7,28 and 90 ) days, respectively. 

           Table 18 and Fig. 9 show the Flexural tensile strength; the results percentage is 

(3.81,4.63,5.51)% at (7,28 and,90 ) days, respectively, and ( 2.8,3.6 and 1.9)% at (7,28 and 90 ) days 

respectively for (10 and 20 )%replacement  respectively. 

 

4.3.4 Dry density  

           Concrete is a porous material with discrete and interconnected pores of different sizes and 

shapes; the use of cement replacement materials result in pore size refinement.  

Average values of three samples for dry density are explained in Fig. 10 shows the dry 

density increase with an increase of LP replacement; the result percentage is (0.83 and, 1) % at (28) 

days for (10 and 20) % replacement respectively. This is interpreted as filler powder first filling 

voids around sand grains, up to the optimum, Mehta 1983, Bédérina, and et al., 2005. For higher 

filler amounts of 20% replacement of LP, those voids may be completely filled, Filler powder 

occupies the place of sand grains and hence it diminishes sand proportion, and consequently the mix 

density, Heikal and et al., 2005.        

             Fig. 11 shows the dry density decrease with increase of replacement of QP; the result 

percentage is (0.5 and, -0.4) % at (28) days for (10 and 20) % replacement, respectively. 

Fig. 12 shows the dry density decrease with increase of replacement of PP. The results 

percentage is (0.86 and 0.5) % at (28) days for (10 and 20) % replacement of PP respectively, this is 

interpreted as PP as light weight and porous material.  

 

 

5. CONCLOSIONS 

       The following conclusions can be drawn based on the results of each test:- 

 

1- The manufacture of blended cement using (10 and 20) % replacement of different grinded 

rocks (limestone, quartzite and porcelinite) confirmed the physical and chemical requirement 

of the specification in ASTM C595-12.  

2- The concrete mixes produced from blended cement (Portland-limestone cement) and 

(Portland-quartzite cement) showed enhancement in the workability properties while blended 

cement (Portland-porcelinite cement) diminished the workability properties. 
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3- The mechanical properties using Portland –limestone cement (10and 20) % replacement of 

cement compared to reference mix for compressive strength with percentage increases is (20, 

11 and 5) % at (7, 28 and, 90) days respectively for 10% replacement and decreases 

percentage is (-3, -5 and -11) % at (7, 28 and, 90) days respectively for 20% replacement. 

4- The mechanical properties using Portland –quartzite cement (10and 20) % replacement of 

cement were compared to reference mix for compressive strength with percentage increase is 

(2, 12 and 13) % for (7, 28 and, 90) days respectively for 10% replacement and percentage 

decrease is (-5.9,-4 and, -5.4) % at (7, 28 and 90) days respectively for 20% replacement.  

5- The mechanical properties using Portland –porcelinite cement (10 and 20) % replacement of 

cement were compared to reference mix for compressive strength with percentage increase is 

(17.6, 15 and 16.3) % at (7, 28 and 90) days respectively for (10%) replacement and (6, 4 and 

6) % at (7, 28 and, 90) days respectively for (20%) replacement. 
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Table 1. Chemical composition of cement. 
 

Oxide composition Abbreviation 
Percentage 

by weight 

Limit of Iraqi 

specification 

No. 5/1984 

Lime CaO 61 - 

Silica SiO2 19.84 - 

Alumina Al2O3 5.08 - 

Iron Oxide Fe2O3 4.8 - 

Sulphate SO3 2.49 ≤ 2.8 % if C3A ≥ 5% 

Potash K2O 0.1  

Soda Na2O 0.3  

Equivalent Na2 O Na2O+0.658K2O 0.36 ≤ 0.6% 

Magnesia MgO 2.48 ≤ 5.0 % 

Loss on ignition L.O.I. 3.8 ≤ 4.0 % 

Insoluble residue I.R. 0.40 ≤ 1.5 % 

Main Compounds ( Bogue′s equations ) 

Tri calcium Silicate C3S 49.45 - 

Di calcium Silicate C2S 19.57 - 

Tri calcium Aluminate C3A 5.34 - 

Tetra calcium Aluminate –

Ferrite 
C4AF 14.61 - 

*chemical tests of cement were made at environmental Laboratory in University of Baghdad 

 

 

 

 

 

 

 

 

 

http://geology.com/rocks/limestone.shtml
http://www.britannica.com/EBchecked/topic/486482/quartzite
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Table 2. Physical properties of cements. 
   

 

\ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Tests of cement were made at research building center /Ministry of Constructions and Housing 

Other tests are carrying out in material Lab. /Civ. Eng. Dep. /University of Baghdad 

 

Table 3. Physicals properties and sulfate content of fine aggregate.  

Sieve size (mm) 

% passing by 

weight 

 

Iraqi specifications 

No.45/1984 

(Zone 2) 

10 100 100 

4.75 94 90-100 

2.36 80 75-100 

1.18 60 55-90 

0.6 44 35-59 

0.3 18 8-30 

0.15 4 0-10 

Material fine than 0.075 

mm 
2.6 Max.  5 

Fineness modulus = 3.0 

Sulfate content (%)* 0.11 Max. 0.5 

Specific gravity 2.65 - 

Absorption (%) 1.01 - 

Moisture Content (%) 6.1 - 

The test was carried out in Building Research Center/ ministry of construction and Housing * 
Other of tests were carried out in material Lab. /Civ. Eng. Dep. /University of Baghdad 

 

 

 

 

 

 

 

Physical properties 

 

Test results 

 

 

Limits of Iraqi 

specification 

No. 5/1984 

Specific surface area 

( Blaine method ) (m2/ kg) 

 

300* 
≥ 230 

 

Soundness by Autoclave 

Method (%) 
0.02* 

 

 

Not more than 0.8 

Setting time (Vicat′s method) 

Initial setting (hrs. : min) 

Final setting (hrs. : min) 

 

1 : 40 

4: 40 

 

≥ 45 min 

≤ 10 hrs. 

 

Compressive strength (MPa) 

3 days 

7 days 

 

21 

27 

 

≥  15 

≥  23 
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Table 4. Physical properties and sulfate content of coarse aggregate. 

 

Sieve size (mm) 

 

% passing by weight 

Iraqi specification 

No. 45/1984 

(5-14)mm 

20 100 100 

14 91 90-100 

10 72 50-85 

5 9 0-10 

 

Sulfate content % 0.01* Max.  0.1 

Specific gravity 2.64 - 

Absorption % 1 - 

Moisture Content % 1.6 - 

* The test was carried out in Building Research Center/ ministry of construction and Housing 
Other of tests were carried out in material Lab. /Civ. Eng. Dep. /University of Baghdad 

 

Table 5. Typical properties of hyperplast PC260 . 

Technical properties @ 250C 

Color: Light yellow liquid 

Freezing point: ≈ -7°C 

Specific gravity: 1.1 ± 0.02 

Air entrainment: Typically less than 2% 

additional air is entrained 

above control mix at normal 

 

Table 6. Chemical composition for limestone powder*. 

          

 

 

 

 

 

 

 

 

 

 

* The test was done in laboratories of state   company   of   Geological   Survey. 

 

 

% Content Oxide 

42.52 L.O.I Loss on ignition 

2.38 SiO2 Silicon oxides 

0.55 Al2O3 Aluminum oxides 

0.22 Fe2O3 Ferric oxides 

51.67 CaO Calcium oxides 

2.09 MgO Magnesium oxides 

0.35 SO3 Sulphur trioxides 
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Table 7. Chemical composition for quartzite powder*. 

 

 

 

 

 

 

 

 

 

 

*The test was done in state   company   of   Geological   Survey laboratories. 

Table 8. Chemical composition for porcelinite powder*. 

 

 

 

 

 

 

 

 

 

 

 

*The test was done in state   company   of   Geological   Survey laboratories. 

Table 9. Details of the mixes used throughout this investigation. 
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M ref 451 / / / 943 738 119 0.5 

ML10 405.9 45.1 / / 943 738 119 0.5 

ML20 360.8 90.2 / / 943 738 119 0.53 

MQ10 405.9 / 45.1 / 943 738 119 0.5 

MQ20 360.8 / 90.2 / 943 738 119 0.55 

MP10 405.9 / / 45.1 943 738 119 0.79 

MP20 360.8 / / 90.2 943 738 119 0.97 

ASTM C 618-12 % Content Oxide 

Max.10 % 0.55 L.O.I Loss on ignition 

 
 

Sum. SiO2+ Al2O3+ 

Fe2O3 not less than 

70% 

98.11 SiO2 Silicon oxides 

0.23 Al2O3 Aluminum oxides 

0.3 Fe2O3 Ferric oxides 

/ 0.66 CaO Calcium oxides 

/ Less than 

0.02 
MgO Magnesium oxides 

Not more than 4% 0.02 SO3 Sulphur trioxides 

 

ASTM C 618-12 

 

% Content 

 

Oxide 

Max.10 % 10 L.O.I Loss on Ignition 

 

Sum. SiO2+ Al2O3+ 

Fe2O3 not less than 70% 

67.1 SiO2 Silicon oxides 

4.18 Al2O3 Aluminum oxides 

1.24 Fe2O3 Ferric oxides 

/ 11.51 CaO Calcium oxides 

/ 3.39 MgO Magnesium oxides 

Not more than 4% 0.03 SO3 Sulphur trioxides 
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Table 10. Chemical analysis of Portland-limestone cement. 

Requirements *C  (Cement ) 
**L Limestone      

Powder 
*ML10 *ML20 

ASTM C595-

12 Type IL 

CaO % 61 51.67 60.4 59.1 / 

SiO2 % 19.84 2.38 18.16 17.9 / 

Al2O3 % 5.08 0.55 4.66 4.2 / 

Fe2O3 % 4.8 0.22 4.24 3.84 / 

MgO % 2.48 2.09 2.45 2.39 / 

SO3 % 2.49 0.35 2.3 2.0 Max. 3 

L.O.I % 3.8 42.52 7.4 8.7 Max. 10 
*chemical tests of cement were done at enviromentinal Laboratory in University of Baghdad 

**The test was done in state Company of Geological Survey Laboratories. 

 

Table 11. Chemical analysis of Portland-quartzite cement. 

Requirements *C  ( Cement ) 
**Q  Quartzite 

powder 
*MQ10 *MQ20 

ASTM C595-12 

Type  IP 

CaO % 61 0.66 57.06 52.11 / 

SiO2 % 19.84 98.11 25.7 33.2 / 

Al2O3 % 5.08 0.23 4.7 4.27 / 

Fe2O3 % 4.8 0.3 4.16 3.42 / 

MgO % 2.48 0.02 2.33 2.1 Max. 6 

SO3 % 2.49 0.02 2.19 1.9 Max. 4 

L.O.I % 3.8 0.55 3.4 2.67 Max. 5 
*Chemical tests of cement were done at enviromentinal Laboratory in University   of Baghdad 

**The test was done in state   Company   of   Geological   Survey Laboratories 

 

Table 12. Chemical analysis of Portland -porcelinite cement. 

Requirements *C  (Cement ) 
**P Porcelinite 

powder 
*MP10 *MP20 

ASTM C595-12 

Type IP 

CaO % 61 11.51 56.8 53.18 / 

SiO2 % 19.84 67.1 25.1 28.2 / 

Al2O3 % 5.08 4.18 5.01 4.9 / 

Fe2O3 % 4.8 1.24 4.5 4.2 / 

MgO % 2.48 3.39 2.61 2.75 Max. 6 

SO3 % 2.49 0.03 1.9 1.7 Max. 4 

L.O.I % 3.8 10 4 4.8 Max. 5 
*chemical tests of cement were done at enviromentinal Laboratory in University   of Baghdad 

**The test was done in state   Company   of   Geological   Survey Laboratories 
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Table 13. Physical properties of blended cement (Portland-limestone cement)*. 

Requirements C  (Cement ) CL10 CL20 
ASTM C595-12 

Type IL 

Consistency % 28 27 26 - 

Initial setting time (min.) 125 115 100 Min 45 mints 

Final setting time (hrs.) 4:30 5:09 5:30 Max 7 hrs. 

*Fineness (cm
2
/g.) 3000 3100 3200 - 

Comp. at 3 days (MPa) 25 18 17 13 

Comp. at 7days 

(MPa) 
30.9 22 20 20 

Comp. at28 days 

(MPa) 
35 30 28 25 

*the tests were done at research buildings center /Ministry of housing 
**Physical tests of cement were done at material Laboratory in University of Baghdad 

 

Table 14. Physical properties of blended cement (Portland-quartzite cement). 

Requirements C  ( Cement ) CQ10 CQ20 
ASTM C595-12 

type IP 

Consistency % 28 27 26 / 

Initial setting time (min.) 125 162 170 Min 45 mints 

Final setting time (hrs.) 4:30 5:19 5:30 Max 7 hrs. 

*Fineness (cm
2
/g.) 3000 2950 2900 / 

Comp. at 3 days (MPa) 25 18 17 Min 13 

Comp. at 7days 

(MPa) 
30.9 25 23 Min 20 

Comp. at28 days 

(MPa) 
35 31 29 Min 25 

*the tests were made at research buildings center /Ministry of housing 
Other tests of cement were done at material Laboratory in University of Baghdad 

 

Table 15. Physical properties of blended cement (Portland-porcelinite cement). 

Requirements C  ( Cement ) CP10 CP20 
ASTM C595-12 

type IP 

Consistency % 28 34 41 / 

Initial setting time (min.) 125 170 190 Min 45 mints 

Final setting time (hrs.) 4:30 5:20 5:45 Max 7 hrs. 

*Fineness (cm
2
/g.) 3000 3370 3510 / 

Comp. at 3 days (MPa) 25 24 22 Min 13 

Comp. at 7days 

(MPa) 
30.9 29 27 Min 20 

Comp. at28 days 

(MPa) 
35 34 32 Min 25 

*the tests were done at research buildings center /Ministry of Housing 
Other tests of cement were done at material Laboratory in University of Baghdad 
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Table 16. Mechanical properties of concrete (Portland-limestone cement. 
  

Symbol of mix 
Compressive strength (MPa) 

7-days 28-days 90-days 

M ref. 34 45 55 

ML10-1 41 50 58 

M20-1 33 43 49 

 

Symbol of mix 

Splitting strength (MPa) 

7-days 28-days 90-days 

M ref. 2.33 3.0 3.5 

ML10-1 3.04 3.5 3.74 

M20-1 2.35 2.91 3.3 

Symbol of mix 
Flexural  strength (MPa) 

7-days 28-days 90-days 

M ref. 3.81 4.39 4.7 

ML10-1 4.36 4.61 4.9 

M20-1 3.9 4.2 4.5 

 

Symbol of mix 

Dry density(gm./cm
3
) 

28-days 

M ref. 2.431 

ML10-1 2.451 

M20-1 2.464 
  

Table 17. Mechanical properties of concrete (Portland-quartzite cement). 
 

Symbol of mix 
Compressive strength (MPa) 

7-days 28-days 90-days 

M ref. 34 45 55 

MQ10-1 35 48 62 

MQ20-1 32 41 52 

 

Symbol of mix 

Splitting strength (MPa) 

7-days 28-days 90-days 

M ref. 2.33 3.0 3.5 

MQ10-1 2.51 3.56 3.77 

MQ20-1 2.3 2.9 3.35 

Symbol of mix 

Flexural  strength (MPa) 

7-days 28-days 90-days 

M ref. 3.81 4.39 4.7 

MQ10-1 4.01 4.64 5.06 

MQ20-1 3.77 4.29 4.52 

Symbol of mix 
Dry density(gm./cm

3
) 

28-days 

M ref. 2.431 

MQ10-1 2.443 

MQ20-1 2.421 
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Table 18. Mechanical properties of concrete (Portland-porcelinite cement). 

Symbol of mix 
Compressive strength (MPa) 

7-days 28-days 90-days 

M ref. 34 45 55 

MP10-1 40 52 64 

MP20-1 36 47 58 

 

Symbol of mix 

Splitting strength (MPa) 

7-days 

 
28-days 90-days 

M ref. 2.33 3.0 3.5 

MP10-1 2.65 3.35 3.84 

MP20-1 2.34 3.1 3.63 

Symbol of mix 
Flexural  strength (MPa) 

7-days 28-days 90-days 

M ref. 3.81 4.39 4.7 

MP10-1 4.32 4.63 5.1 

MP20-1 4.04 4.53 4.8 

Symbol of mix Dry density(gm./cm3) 

28-days 

M ref. 2.431 

MP10-1 2.452 

MP20-1 2.443 

 

NOMENCLATURE 

Description Notation 

Blended cement with replacement 10% of 

limestone powder 
CL10 

Blended cement with replacement 20% of 

limestone powder 
CL20 

Blended cement with replacement 10% of 

quartzite powder 
CQ10 

Blended cement with replacement 20% of 

quartzite powder 
CQ20 

Blended cement with replacement 10% of 

porcelinite powder 
CP10 

Blended cement with replacement 20% of 

porcelinite powder 
CP20 

Limestone powder LP 

Quartzite powder QP 

Porcelinite  powder PP 

Portland-limestone cement PLC 

Portland-quartzite cement PQC 

Portland-porcelinite cement PPC 
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Figure 1. Compressive strength of concrete using Portland-limestone cement. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Compressive strength of concrete (Portland-quartzite cement). 
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Figure 3. Compressive strength of concrete Portland-porcelinite cement. 
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Figure 4. Splitting strength of concrete Portland-limestone cement. 

 

 
 

Figure 5. Splitting strength concrete of Portland-quartzite cement. 

 

 

 
 

Figure 6. Splitting strength concrete of Portland-porcelinite cement. 
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Figure 7. Flexural tensile strength of concrete (Portland-limestone cement.    

 

 
 

Figure 8. Flexural tensile strength of concrete Portland-quartzite cement. 

 

 

 
 

Figure 9. Flexural tensile strength of concrete Portland-porcelinite cement.  
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Figure 10. Dry density of concrete Using Portland-limestone cement. 

 

2.410

2.415

2.420

2.425

2.430

2.435

2.440

2.445

M1-ref. MQ10-1 MQ20-1

D
ry

 d
en

si
ty

 g
m

/c
m

3

 
 

Figure 11. Dry density of concrete Portland-quartzite cement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Dry density of concrete Portland-Porcelinite cement. 
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The Catalytic Activity of Modified Zeolite Lanthanum on the Catalytic 

Cracking of Al-Duara Atmospheric Distillation Residue. 

 

Lecturer  Karim Khalifa Esgair 

Department of Chemical Industries  
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E-mail: karimkhalifa70@yahoo.com. 

 

ABSTRACT 

Atmospheric residue fluid catalytic cracking was selected as a probe reaction to test the 

catalytic performance of modified NaY zeolites and prepared NaY zeolites. Modified NaY 

zeolites have been synthesized by simple ion exchange methods. Three samples of modified 

zeolite Y have been obtained by replacing the sodium ions in the original sample with 

lanthanum and the weight percent added are 0.28, 0.53, and 1.02 respectively. The effects of 

addition of lanthanum to zeolite Y in different weight percent on the cracking catalysts were 

investigated using an experimental laboratory plant scale of fluidized bed reactor.  

The experiments have been performed with weight hourly space velocity (WHSV) range of 6 

to 24 h
-1

, and the range of temperature from 450 to 510 
o
C. 

The activity of the catalyst with 1.02 wt% lanthanum has been shown to be much greater than 

that of the sample parent NaY. Also it was observed that the addition of the lanthanum causes 

an increase in the thermal stability of the zeolite. 

Key words: lanthanum exchange NaY, rare earth elements, atmospheric residue fluid 

catalytic cracking,  

نثانٍوم على الحكسٍر الحفازي لمحبقً الحقطٍر الجوي لجأثٍرالفعلٍو الحفازٌو للسٌولاٌث المطور بال

 لمصفى الدوره

 كرٌن خلٍفو ازغٍرم.

 قسى انصُبػبد انكًٍٍبوٌخ

 يؼهذ انزكُىنىجٍب

 انجبيؼه انزقٍُه انىسطى

 :الخلاصة

ًزجقً انزقطٍش انجىي  كًجس لاخزجبس انفؼبنٍخ انحفبصٌخ نهضٌىلاٌذ انًحسٍ انزكسٍش انحفبصي انًبئغ نرفبػم  اخزٍبسرى  

.ثلاثخ ًَبرج يٍ انضٌىلاٌذ  . انضٌىلاٌذ انًطىس رى رصٍُؼه ثطشٌقخ انزجبدل الاٌىًَ انجسٍظ  NaYوانًحضش َىع 

 انًؤٌه ىو وثبنُست  انىصٍَخٍانحصىل ػهٍهب ػٍ طشٌق اسزجذال اٌىٌ انصىدٌىو فً انًُىرج الاصهً  ثبنهُثبَانًطىسرى 

 .   1.02,     0.53  , ,0.28انزبنٍخ 

 هرجشٌجٍ هيخزجشٌيُظىيه ىو نهضٌىلاٌذ وثُست وصٍَخ يخزهفخ ػهى انفؼبنٍخ انزكسٍشٌخ  رى ثحثه ثبسزخذاو ٍرأثٍش اضبفخ انهُثبَ 

سبػه42انى  3نًفبػم  انطجقخ انًًٍؼخ . انزجبسة انًخزجشٌخ اجشٌذ ػُذ سشع وصٍَخ فشاغٍه ثٍٍ 
-1

وثذسجخ حشاسح يٍ  

 دسجخ يئىٌخ.  514انى  254

يٍ انفؼبنٍخ    كبَذ اكجش ثكثٍش   1.02 ىو ثًقذاس ٍانفؼبنٍخ انحفبصٌخ نهؼبيم انًسبػذ انًحزىي ػهى َسجه وصٍَخ يٍ انهُثبَ

 ىو  ادد انى صٌبدح انثجبرٍخ انحشاسٌخ نهضٌىلاٌذ .ٍانهُثبَ اضبفخ هؼبيم انًسبػذ الاصهً . وكزنك رى يلاحظخ  اٌانحفبصٌخ ن

 

انزكسٍش انحفبصي نًزجقً انزقطٍش انجىي., ػُبصش الاسض انُبدسح, NaYاسزجذال انهُثبٍَىو ثبنضٌىلاد الكلمات الرئٍسٍة: 

mailto:karimkhalifa70@yahoo.com
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1. INTRODUCTION 

During the atmospheric distillation of crude oil, as employed on a large scale in the 

refineries for the production of light hydrocarbon oil distillates, a residual oil is obtained as a 

byproduct. Jakob and Peter, 1977. In the atmospheric distillation of crude oil about half of 

the crude oil is left behind as distillation residue, it will be clear that there is a pressing need 

for a process which offers the possibility of converting in an economemically justifiable way 

hydrocarbon oil residue obtained  by atmospheric distillation into light , i.e., low boiling 

hydrocarbon oil distillate such as gasoline , Pappal, et al.,2003 . Heavy crude oil and residue 

have many similarities in composition such as low H/C ratio (1.2–1.4), high metals and sulfur 

contents. Hence, one of the most important parameters is to convert residue into lighter 

products by increasing the H/C ratio, Bartholomew, et al., 1994.  

   The demand for high value petroleum products such as middle distillate, gasoline and 

lube oil is increasing, while the demand for low value products such as fuel oil and residua 

based products is decreasing. Therefore, maximizing of liquid products yield from various 

processes and valorization residues is of immediate attention to refiners. At the same time, 

environmental concerns have increased, resulting in more rigorous specifications for 

petroleum products, including fuel oils. These trends have emphasized the importance of 

processes that convert the heavier oil fractions into lighter and more valuable clean products, 

Gray,1994. 
Fluid catalytic cracking (FCC) is one of the most important processes in the oil 

refinery industry. It converts, or cracks, low value heavy ends of the crude oil into a variety 

of higher-value, light products.The catalytic cracking operation is preferably carried out at  a 

temperature from 400 to 550 
o
C, a pressure 1 to 10 bar ,and  weight hour space velocity 

(WHSV) of from 3 to 200 h
-1 

, Chen, and Cao,2005 . This process produces not only 

gasoline and diesel fuel but also raw material, such as light olefins for a number of 

petrochemical  processes , the later application is gaining increasing importance, Biswas,and 

Maxwell,1990.  

The FCC catalyst is a key point in the optimization of FCC unit. Basically , the FCC 

catalysts could be divided into three main categories based on the refineries objective i) 

maximization of voluble  product ,ii) improving  of gasoline quality  and, iii)minimization of 

residue, and in order to achieve those goals ,the FCC catalyst has two components ,the zeolite 

and the matrix.  Besides these catalyst it can also have other  functional ingredients and or 

/additives for specified  function like enhancing gasoline octane , upgrading the conversion of 

residue feedstock ,enhancing the resistance to metallic poisons ,promoting the CO 

combustion ,reduction the NOx and SOx emission , among there, Costa et al.,2004.    

In the past years rare earth exchanged zeolites have attracted much attention as a 

stable solid acid catalyst because of their high thermal stability, Magee, et al.,2002 . 

Modification of zeolites by ion exchange of exchangeable cations provides a useful means of 

tailoring their properties to particular application. Thus, introduction of rare earth element, in 

particular into zeolite Y has been an important means of enhancing the performance of 

catalyst, for example, FCC catalyst and they are known to increase the activity of zeolites in a  

variety of reactions due to increased acid strength. For example, LaNa–Y plays an important 

role in the preparation of catalysts for FCC, one of the most widely applied petroleum 

refining processes that make use of zeolite as catalyst , Bejoy, et al.,2006 

Rare earth components, such as lanthanum and cerium, were used to replace sodium 

in the crystal. The rare earth elements, being trivalent, simply form "bridges" between two to 

three acid sites in the zeolite framework. Bridging protects acid sites from being ejected and 

stabilizes the zeolite structure. Rare earth exchange adds to the zeolite activity and thermal 

and hydrothermal stability. Rare earth serves as a "bridge" to stabilize aluminum atoms in the 
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zeolite structure. They prevent the aluminum atoms from separating from the zeolite lattice 

when the catalyst is exposed to high temperature steam in the regenerator. the NaY zeolite 

was mostly ion exchanged with rare earth components. Rare earth  components, such as 

lanthanum and cerium, were used to replace sodium in the crystal. The rare earth elements, 

being trivalent, simply form "bridges" between two to three acid  sites in the zeolite 

framework. Bridging protects acid sites from being  ejected and stabilizes the zeolite 

structure, Sadeghbeigi, 2000. 

The modification of faujasite Y zcolites to improve catalyst selectivity and stability 

has become an integral part of the catalyst manufacturing process. The modification 

procedure can be accomplished in several ways. Exchanging the native sodium ions for rare-

earth ions and protons was shown to increase the hydrothermal stability of the zeolite along 

with increasing its activity in catalytic cracking. In addition, hydrothermal stability can also 

be improved by lowering the aluminum content of the zeolite framework, a process called 

dealumination, Nery,et al.,1997.  

The aim of present study is to modify the zeolite  Na Y prepared from Iraqi kaolin 

with various weight percents lanthanum exchange. Also the activity of the resulting  catalyst 

were evaluated by using experimental laboratory plant scale fluidized bed reactor by using 

atmospheric distillation residue as a feed , and the influence of the addition of lanthanum on 

the thermal stability of the NaY was investigated.  

 

2. EXPERIMENTAL  

 2.1 Feedstock 

Atmospheric residue with boiling range 278
o
C to 450

o
C was supplied from 

atmospheric distillation unit of Al-Duara refinery as a raw material for the catalytic 

performance of the zeolites synthesized, and its detailed properties are listed in Table 1. 

 

2.2 Catalyst 

Parent NaY zeolite were prepared from Iraqi kaolin as follows: kaolin was fused by 

the addition of sodium hydroxide (kaolin/NaOH=1/1.5 by wt.) at 850˚C for three hours. A 

typical procedure performed as follows. Ten grams of fused kaolin powder and 12.67 grams 

of sodium silicate were dispersed in 150 ml of deionized water under constant stirring for 1 

hour. The  resultant slurry which has pH 13.6 was subjected to aging at 50
 o

C for 24 hr in a 

programmable electrical furnace, then the gel slurry was subjected to hydrothermal 

crystallization at 100
 o
C for 48 hr in the same furnace.  

Crystallization was carried out at about 100˚C. Subsequently the resultant precipitate was 

separated from the mother liquor by filtration. The crystalline mass is then washed with 

deionized water until a pH 11.5 and dried at 100˚C for 16 hours. The dried powder was 

activated by calcination in a programmable electrical furnace at 500
 o
C for 1hr. 

 

2.3 Modified Zeolite Procedure. 

Lanthanum exchanged was obtained by contacting Na-Y with 0.5M lanthanum nitrate 

solution ( 0.025 moles of lanthanum nitrate / g of zeolite ) at 80
 o

C for 24 hours ,then filtrate, 

and washed to obtained 0.28wt% La Na-Y  . This exchange cycle was repeated two times 

with fresh lanthanum nitrate to obtained 0.53wt% La.Na-Y. Na-Y was contacted with fresh 

0.5M lanthanum nitrate solution four times to obtained 1.02wt% La Na-Y. All samples were 

calcined after each exchange at temperature 150 to 500
 o

C with heating rate 12 
o
C /minute 

and at 500
 o

C for 5 hours. The degree of Lanthanum exchange in the zeolite was determined 

by the analysis of each zeolite sample to determine the sodium weight percent in the starting 
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and those remaining after the Lanthanum exchange. The sodium weight percent loss 

converted to equivalent lanthanum.  

2.4 Apparatus 

Cracking experiments were carried out in the experimental laboratory plant scale of 

fluidized bed reactor system, shown in Fig 1. This unit was found in the laboratories of 

Chemical Engineering Department, Baghdad University, It is comprised of five sections: 

atmospheric residue and water input mechanisms, reaction zone, temperature control system, 

products separation, and collection system. 

 A specified flow rate of water was pumped into pre-heater; the water was converted 

to steam by heating system. Steam was used to remove the air from reactor. After that 

atmospheric residuewas pumped and heated in a pre-heater, and then entered into the reactor, 

where catalytic cracking reactions took place. The reaction products were cooled and 

separated into liquid products and gas product. Cracking liquid product was transferd to 

distillation unit for separation catalytic cracking gasoline from heavy stock. A sample of 

gaseous product was collected in a gas bag and then analyzed by gas chromatography to 

determine the chemical composition of the gaseous product. A sample of catalytic cracking 

gasoline was analyzed by gas chromatography to determine the composition of catalytic 

cracking gasoline. 

Coke content on catalysts was measured by as follws method below. A sample of 

catalyst from reactor was weighed and dried by electrical programmable furnace at 100 
o
C for 

16 hr. The dry sample was weighed and returned to electrical programmable furnace to 

restore catalyst activity by burning off coke deposition on spent catalyst at 650 
o
C for one 

hour. The calcined sample after burring coke was weighed. The differences between weight 1 

and weight 2 represents moisture and difference between weight 2 and weight 3 represents 

delta coke. Delta coke is defined as the difference between coke on the spent catalyst after 

stripping and on the regenerated catalyst. The activity of the catalyst in catalytic cracking was 

determined by conversion which is defined as the weight percent (wt% )of the feed that is 

converted into coke, gas and gasoline. The gasoline fraction is that part of the product with a 

boiling point range between ambient temperature and 220 
o
C.  

  

2.5 Operating Conditions 

The cracking experiments of atmospheric residue were carried out over parent NaY 

zeolite and modified zeolite catalysts sampled in the experimental laboratory plant scale of 

fluidized bed reactor system. Operating conditions were catalyst weight hourly space velocity 

was 6 , 12 ,18,and 24 h 
-1

 , reaction temperature was 450 ,470,490,and 510
 o

C. The effect of 

regeneration number ( it refers to restoring catalyst activity after each complete reaction) on 

the  catalyst activity of the parent NaY zeolite and modified zeolite(1.02wt%) was carried out 

at 510 
o
C, WHSV= 6h

-1
, and atmospheric pressure. 

 

2.6  Analytical Apparatus 

The digital flame analyzer by flame photometer Gallen Kamp in The State Company 

for Geological Survey and Mining was used to determine the sodium content the parent 

catalyst and modified catalyst after lanthanum ion exchange. 

The gas chromatograph Agilent Technologies 6890N equipped with flame ionization 

detector (FID) was used to determine the composition of the gases produced from 

experiment. The equation of state for ideal gases converts the volume data to mass. 

The composition of cracked gasoline measured by using simulated distillation gas-

chromatography Agilent Technologies 6890N . 
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Chemical analysis according UOP Method 172- 59 was used to measure the 

concentration of the hydrogen sulfide. 

Gas Chromatograph 373 GASUKURD KDGYO was used to determine the 

concentration hydrogen gas in the gases mixture produced. 

All above device was located in Al- Duara Refinery.   

 

 

3. RESULT & DISCUSSION 

     3.1 The Effect of Lanthanum Exchange on the Atmospheric Residue Conversion.  

The effect of lanthanum exchange and WHSV on the atmospheric residue conversion 

were studied at different reaction temperatures.Fig. 2 and table 2 show the dependence of 

conversion upon lanthanum weight percent loading and catalyst hour space velocity when 

cracking was over zeolite catalysts containing different weight percent lanthanum. 

 At a given catalyst hour space velocity with constant temperature, the zeolite 

catalysts containing more lanthanum weight percent loading show greater conversion of 

atmospheric residue and gives more products (gasoline , gases, and coke)   than parent Na-Y 

zeolite, Fig .2 and Table 2.This means that the lanthanum indeed contribute to the 

conversion, which may be explained as a follows : 

The effect of sodium ions on the activity of Bronsted type of zeolites in acid  reactions 

has been recognized very early especially in the case of faujasite. It was proposed that these 

residual cations have a poisoning effect on the acidity i.e., a particular Na 
+
 ion present within 

the decationated zeolite has a neutralizing effect over a large number of the existing protons. 

Low acid amount of Na-Y zeolite might reduce catalyst activity, which is the crucial step in 

the formation of the desired product.  

  The total acid amount increased after introducing rare elements (RE) to zeolite 

sample. There were two possible reasons for the result. Firstly, the hydrothermal stability had 

been strengthened on account of the addition of the rare elements (RE) cation, which 

coordinated with the oxygen atoms in the pore channel. Therefore, the dealumination of the 

framework was restrained during the hydrothermal disposal. So the loss of acidic amounts 

would reduce. Secondly, silicon hydroxyl and aluminum hydroxyl in the zeolite framework 

were polarized by the polarization and induction of the RE cation. So the density of the 

electron cloud in the zeolite framework increased, stronger acidity of the acidic center 

appeared. And because of the existence of an empty f orbit RE
3+

, the amount of Lewis acid 

would also increase, Xiaoning, et al,2007. The zeolite activity comes from these acid sites, 

Hayward and Winkler ,1990. From the above the increasing lanthanum exchanged 

decreases Na 
+
 ion in the zeolites and  gives more conversion of atmospheric distillation  

residue. 

 

3.2 The Effect of WHSV on the Atmospheric Residue Conversion. 
At a constant temperature with a given lanthanum weight percent loading Fig. 3 and 

table 2 shows that the atmospheric residue conversion increases with decreasing of WHSV. 

This means that the conversion of reduced crude is a function of reaction time for all  

catalysts, the increasing of the contact time of the feed molecules with the catalyst  increases 

the atmospheric residue conversion in direct proportion to the amount of the catalyst and 

inversely proportional to the feed flow rate. 
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3.3 The Effect of Temperature on the Atmospheric Residue Conversion. 
At a given catalyst hour space velocity with constant lanthanum weight percent 

loading Fig. 2 and table 2 show that the atmospheric residue conversion increases with 

increasing the temperature. This may be attributed to the increase of temperature which 

accelerates intermolecular motions, assists the transformations of the reactants into new 

compounds and thus enhances the rate of chemical reaction. It is thermal activation which in 

the present case acts in conjunction with catalytic activation as mentioned by Decroocq, 

1984. The higher temperature provided advantages in terms of a better feed vaporization 

which reduced coke formation by condensation reactions of poorly vaporized feed molecules. 

Both the higher temperature and the resulting lower coke formation enhanced the diffusion of 

feed molecules. . 

 

3.4 The Effect of Lanthanum Exchange on the Gasoline Yield.  
 Fig. 4 and Table 2 show that the gasoline yields is a function of conversion for the 

different catalysts when cracking atmospheric residue , when the catalysts contain more 

lanthanum weight percent loading it gives a higher gasoline yield .Also increasing 

temperatures and decreasing  weight hours space velocity shows graterer gasoline yield 

obtained . Table 3 shows chemical composition of cracked gasoline for parent NaY and 1.02 

LaNa. This table shows that  olefins and naphthenes decreases while paraffins and aromatics 

increases for 1.02 LaNaY  with respect to the parent NaY,due to the rare earth exchanged 

zeolite that increases hydrogen transfer reactions, hydrogen transfer is a bimolecular reaction 

in which one reactant is an olefin. Two examples are the reaction of two olefins and the 

reaction of an olefin and a naphthene. In the reaction of two olefins, both olefins must be 

adsorbed on active sites that are close together. One of these olefins becomes a paraffin and 

the other becomes a cyclo-olefin as hydrogen is moved from one to the other. Cyclo-olefin is 

now hydrogen transferred with another olefin to yield a paraffin and a cyclodi-olefin. 

Cyclodi-olefin will then rearrange to form an aromatic. The chain ends because aromatics are 

extremely stable. Hydrogen transfer of olefins converts them to paraffin’s and aromatics. In 

the reaction of naphthenes with olefins, naphthenic compounds are hydrogen donors. They 

can react with olefins to produce paraffin’s and aromatics Sadeghbeigi,2000. 

On comparing between Figs. 2 and 4 for the catalyst 1.02 LaNaYat 6 WHSV the 

reduced crude conversion increases with increasing of temperature at constant WHSV within 

the limit of study, while, the gasoline yield increases with conversion, with a tendency to 

reach a maximum (at 490 
o
C) and after that the gasoline yield remain approximately constant. 

This is due to the fact that gasoline yield undergoes the secondary cracking(over cracking) to 

gaseous products and coke. 

From Table 2 the gases yields and coke yield, as a function of conversion when 

cracking atmospheric residue for the different catalysts are shown. As seen, the total gases 

and coke yields depend on the lanthanum weight percent loading, temperatures and weight 

hours space velocity.  The composition of the gas phases, estimated at a conversion of 79.3 

wt %( as a sample), is shown in Table 4. 

 

 

 

3.5 The Effect of Lanthanum Exchange on the Thermal Stability.  

Fig. 5 shows the relation between the conversion of atmospheric residue and the 

number of regeneration for NaY and 1.02 LaNaY catalysts. From this figure the difference in 

activity between NaY and 1.02 LaNaY for zero regeneration (fresh catalysts) was about 

12wt%. For first regeneration about it was about 34wt%, while for second regeneration it was 
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about 37wt%. This means that the catalyst 1.02 LaNaY decreases the activity less than the 

catalyst NaY due to the fact that sodium ion decreases the hydrothermal stability of the 

zeolite. It also reacts with the zeolite acid sites to reduce catalyst activity, Suchuchchai, 

2004. In the regenerator, sodium is mobile. Sodium ions tend to neutralize the strongest acid 

sites, Scherzer,1990.  While  RE are commonly regarded as insensitive to hydrothermal 

processes. They have been used as immobile elements, Lottermoser ,1992. 

To explain this positive effect of the RE elements on zeolites thermal stability, two 

aspects may be considered: (i) cation valence, and (ii) formation of RE–O–RE bonds in 

zeolite cavities. In fact, it is acknowledged that divalent cations have a more pronounced 

stabilizing effect than monovalent cations, whereas zeolites exchanged with trivalent cations 

tend to be the more stable ones . Moreover, the enhancement on thermal stability has also 

been attributed to the existence of RE–O–RE bonds in the interior of sodalite cavities, which 

form bridges with the zeolite tetrahedra, stabilizing the structure, Trigueiro,et al.,2002. 

 

4. CONCLUSION 

1- The Na–Y modified with La increased cracking activity. The overall conversions obtained 

on the preparing cracking catalyst show an increasing the gasoline, gas ,and coke yields with 

increasing  lanthanum weight percent. 

2-The secondary cracking of gasoline to gaseous products and coke occur at 6 WHSV and 

490
o
C   

3-Lanthanum  exchanged zeolites exhibit far better stability towards reaction conditions and 

on an average they lost almost 11.9 % of their initial activity in 1.02LaNaY whereas, NaY 

lost 33.6% activity with same condition (6WHSV,510
o
C) for first regeneration and 22.3% to 

1.02LaNaY, 50.2% to NaY respectively for second regeneration . 
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Table 1: Properties of atmospheric residue. 

  

Density    (20
  o

C ,gm / cm
3
)           0.908 

Molecular weight           486 

Carbon residue(wt%)                       4.67 

ASTM  distillation (
o
C)    

IBP 278 

10% 291 

30% 352 

50%   396 

70% 417 

90% 450 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             Gases Yield(wt%)from the 

total product 

Hydrogen 0.5375 

Hydrogen sulfide 0.7485 

Methane 2.4820 

Ethane 2.8345 

Ethylene 2.0677 

Propane 4.3310 

Propylene 3.4025 

Iso  Butane 2.5930 

N. Butene 3.4835 

N.Butane 3.2690 

Iso Pentane 0.4813 

N. Pentane 0.1695 

Chemical 

Composition 

of cracked 

gasoline(vol.

%) 

NaY 

( C5-220
o
C) 

1.02 

LaNaY 

(C5-220
o
C) 

Paraffins 19.4 27.8 

Naphthenes 5.7 3.2 

Olefins 40.1 32.3 

Aromatics 34.8 36.9 

Table 4: Chemical analysis of 

gases at 6 WHSV and 510
o
C. 

 

Table 3: A comparison between the 

chemical compositions of cracked 

gasoline at 6 WHSV and 490 
o
C. 
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Table 2: Cracking experiments results of the atmospheric residue at different lanthanum weight 

percent loading. 

 
Catalyst 

type 

Reaction 

temperature 

WHSV(h-

1) 

Conversio

n 

Gasoline(wt

%) 

Gases(wt%

) 

Coke(wt%

) 

Heavy 

oil(wt%) 

NaY 510 24 43.2 19.1 15.0 9.1 56.8 

490 40.8 18.3 14.0 8.5 59.2 

470 39.3 18.1 13 8.3 60.7 

450 38.4 17.3 13.2 7.9 61.6 

510 18 50.7 22.5 17.1 11.1 49.3 

490 49.4 22.1 16.3 11 50.6 

470 47.8 21.2 16.1 10.4 52.2 

450 45.6 20.4 15..2 10 54.4 

510 12 58.9 26.2 18.7 14.1 41.1 

490 56.8 25.4 18.1 13.5 42.2 

470 55.4 25.1 17.9 12.4 44.6 

450 52.9 24.1 17.3 11.5 47.1 

510 6 67.2 30.2 21 16 32,8 

490 65.7 29.4 20.1 15.2 34.3 

470 63.1 28.0 19.1 15 36.9 

450 60.2 27.0 19 14.2 39.8 

0.28La 

NaY 

510 24 47 21.9 15.1 10 53 

490 44.2 21.1 14 9.1 55.8 

470 42.7 20.0 13.3 8.4 57.3 

450 40.3 19.0 13.1 8.2 59.7 

510 18 54.1 25.2 16.9 13 45.9 

490 52.8 24.8 16.5 12.5 47.2 

470 51.1 23.9 16.2 11 48.9 

450 48.6 23.2 15.3 11.1 51.4 

510 12 61.9 28.2 19.9 13.8 38.1 

490 60.1 27.3 19.1 13.7 39.9 

470 57.8 26.1 18.5 13.2 42.2 

450 56.2 25.3 17.9 13.0 43.8 

510 6 71.1 31.9 23.1 16.1 28.9 

490 68.9 30.8 22.3 15.8 31.1 

470 67.2 30.0 21.9 15.3 32.8 

450 64.5 29.8 20.7 14.0 35.5 

0.53La 
NaY 

510 24 51.3 21.2 18.0 11.1 48.7 

490 47.5 20.0 17.3 10.2 52.5 

470 45.1 19.2 16.4 9.5 54.9 

450 43.4 18.6 15.7 9.1 56.6 

510 18 57.8 24.5 20.1 13.2 42.2 

490 56.5 24.1 19.6 12.8 43.5 

470 54.3 23.2 19.0 12.1 45.7 

450 52.6 22.7 18.4 11.5 57.4 

510 12 65.7 28.2 22.4 15.1 34.3 

490 63.4 27.1 21.5 14.8 36.6 

470 61.6 26.4 21.0 14.2 38.4 

450 59.1 25.2 20.3 13.6 40.9 

510 6 74.6 33.2 24.0 17.4 25.4 

490 72.8 32.4 23.5 16.9 27.2 

470 70.9 31.6 23.1 16.2 29.1 

450 67.5 29.4 22.2 15.9 32.5 

1.02La 

NaY 

510 24 55.8 26.1 18.4 11.3 44.2 

490 52.2 24..2 17.1 10.9 47.8 

470 50.6 23.7 16.5 10.4 49.4 

450 48.6 22.8 16.1 9.7 51.4 

510 18 62.8 29.3 20.4 13.1 37.2 

490 60.5 28.2 20.0 12.3 39.5 

470 58.7 27.4 19.5 11.8 41.3 

450 57.1 27.0 18.8 11.3 42.9 

510 12 70..4 32.3 23.0 15.1 29.6 

490 67.6 31.2 22..4 14.0 32.4 

470 65.9 30.3 21.9 13.7 34.1 

450 63.0 28.8 21.1 13.1 37.7 

510 6 79.3 34.1 26.4 18.8 20.7 

490 77.6 34.2 25.6 17.9 22.4 

470 74.8 33.5 24.1 17.3 25.2 

450 72.5 32.1 23.2 16.2 27.5 
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Figure 1. Schematic flow diagram of the fluidized catalytic cracking system: 

(1) Burette atmospheric residue feeding; (2) Burette water feeding; (3) Valve; (4) Dosing 

pump; (5) Three way valve; (6) Preheated section; (7)Distributor (8)Fluidized bed reactor 

section; (9)Reactor separation section; (10) Catalyst charge inlet; (11) Double pipe heat 

exchanger; (12) Control panel; (13) Internal tube ice water bath; (14) Separation and 

collection flask; (15) Ice water bath ; (16)  Gas collection ; (17) Water tank; (18) Chilled 

water in; (19) Chilled water out. 
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Figure3. Effect of lanthanum weight percent loading on the atmospheric residue conversion 

at different WHSVand temperatures 510
o
C. 
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Figure2. Effect of lanthanum weight percent loading on the atmospheric 

residue conversion at different temperatures and 6 WHSV. 
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Figure4. Effect of lanthanum weight percent loading on the yield of gasoline at different 

temperatures and 6 WHSV.  

 

 

 

 

Figure5. Relation between the conversion and the number of regeneration for NaY and 1.02 

LaNaY catalysts. 
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ABSTRACT 

This research presents a new study in reactive distillation by using consecutive reaction: the 

saponification reaction of diethyl adipate (DA) with sodium hydroxide solution .  

The effect of three parameters were studied through a design of experiments applying 2
3
 factorial 

design . These parameters were : the mole ratio of DA to NaOH solution (0.1 and 1) , NaOH 

solution concentration (3 N and 8 N) , and batch time (1.5 hr. and 3.5 hr.) . The conversion of 

DA to sodium monoethyladipate(SMA)(intermediate product) was the effect of these parameters 

which was detected . Also , the percentage purity of the intermediate product was recorded . The 

results showed that increasing mole ratio of DA to NaOHsolution increases the conversion and 

percentage purity to a maximum value within the range of study . The effect of NaOH solution 

concentration decreases the conversion and percentage purity to specified value within the range 

of study . The effect of batch time on conversion and percentage purity , when NaOH solution 

concentration (3 N) is as follows : the increasing in batch time decreases the conversion and 

percentage purity to specified value within the range of study . When NaOH solution 

concentration (8 N) increasing batch time decreases the conversion , while percentage purity 

increases with increasing batch time to a maximum value within the range of study . The 

maximum attainable conversion within the studied range of parameters was  eighteen fold of the 

base case , while the maximum percentage purity was (99.40 %) . 

Empirical equation was obtained using statistical analysis of experimental results . The empirical 

results of relative conversion was drawn . The empirical graphs showed linear variation . 

Key words: consecutive reaction, the saponification reaction, diethyl adipate with sodium 

hydroxide solution, sodium monoethyladipate. 

 

انذفعات نتفاعم يتسهسم : صوبنة ثنائي أثيم أديبيث يع يحهول هيذروكسيذ روانتقطير انتفاعهي شبه 

 انصوديوو

 
 

رؤى عهي شكر                                                                                                                              د.رغذ فريذ قاسى  

استار يساعذ             

جاٍعح تغذاد –جاٍعح تغذاد                                                                                  ميٞح اىْٖذسح  –ميٞح اىْٖذسح   

 

 انخلاصة

د ٍع ٍحي٘ه ٝقذً ٕذا اىثحث دراسح جذٝذج فٜ اىرقطٞز اىرفاعيٜ تإسرخذاً ذفاعو ٍرسيسو: ذفاعو ص٘تْح ثْائٜ أثٞو أدٝثٞ

ذَد دراسح ذأثٞز ثلاثح ع٘اٍو ٍِ خلاه ذصٌَٞ ذجارب ترطثٞق ذصٌَٞ ٍفن٘ك ً .ٕٞذرٗمسٞذ اىص٘دٝ٘
3
. ٕذٓ اىع٘اٍو ماّد  2

 3( , ذزمٞش ٍحي٘ه ٕٞذرٗمسٞذ اىص٘دًٝ٘ )1ٗ  0,1: اىْسثح اىَ٘ىٞح ىثْائٜ أثٞو أدٝثٞد إىٚ ٍحي٘ه ٕٞذرٗمسٞذ اىص٘دًٝ٘ )

. إُ ّسثح ذح٘ه ثْائٜ أثٞو أدٝثٞد إىٚ ص٘دًٝ٘ أحادٛ أثٞو  ساعح( 3,5ساعح 1,5ٗعٞارٝح( , ٗ سٍِ اىذفعح ) 8عٞارٝح ٗ 

ذأثٞز ذيل اىع٘اٍو اىذٛ ذٌ ذرثعٔ . مذىل سجيد ّسثح ّقاٗج اىَزمة اى٘سطٜ . ىقذ تْٞد اىْرائج  دأدٝثٞد )اىَزمة اى٘سطٜ( ماّ
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 عيٞاإُ سٝادج اىْسثح اىَ٘ىٞح ىثْائٜ أثٞو أدٝثٞد إىٚ ٍحي٘ه ٕٞذرٗمسٞذ اىص٘دًٝ٘ ذشٝذ ٍِ ّسثح اىرح٘ه ٗ ّسثح اىْقاٗج إىٚ قَٞح 

ضَِ حذٗد اىذراسح . إُ ذأثٞز ذزمٞش ٍحي٘ه ٕٞذرٗمسٞذ اىص٘دًٝ٘ ذقيو ٍِ ّسثح اىرح٘ه ٗ ّسثح اىْقاٗج إىٚ قَٞح ٍعْٞح ضَِ 

 3ز سٍِ اىذفعح عيٚ ّسثح اىرح٘ه ّٗسثح اىْقاٗج , عْذٍا ذزمٞش ٍحي٘ه ٕٞذرٗمسٞذ اىص٘دًٝ٘ )ذأثٞاُ حذٗد اىذراسح . 

سٝادج سٍِ اىذفعح ذقيو ّسثح اىرح٘ه ّٗسثح اىْقاٗج إىٚ قَٞح ٍعْٞح ضَِ حذٗد اىذراسح .عْذٍا ذزمٞش ٕ٘ مَا ٝيٜ: ,عٞارٝح(

ّسثح اىرح٘ه . تَْٞا ّسثح اىْقاٗج ذشداد تشٝادج سٍِ اىذفعح إىٚ عٞارٝح( سٝادج سٍِ اىذفعح ذقيو  8ٍحي٘ه ٕٞذرٗمسٞذ اىص٘دًٝ٘ )

ثَاّٞح عشز  ماّد ضَِ حذٗد اىذراسح . إُ أمثز ّسثح ذح٘ه ذٌ اىحص٘ه عيٖٞا خلاه اىَذٙ اىَذرٗص ىيَرغٞزاخ عيٞاقَٞح 

ذٌ                                   %( .                   99,40ضعفا أمثز ٍِ اىحاىح اىَزجعٞح , تَْٞا أعظٌ ّسثح ّقاٗج ماّد )

اىحاىح رجزٝثٞح ىْسثح اىرح٘ه ّسثح سرخذاً اىرحيٞو الإحصائٜ ىيْرائج اىعَيٞح . رسَد اىْرائج اىااىحص٘ه عيٚ ٍعادىح ذجزٝثٞح ت

.خطٜاىَزجعٞح . أظٖزخ اىزسً٘ اىرجزٝثٞح  ذغٞز  

ادٝثٞد ٍع ٍحي٘ه ٕٞذرٗمسٞذ اىص٘دًٝ٘, ص٘دًٝ٘ احادٛ اثٞو  : ذفاعو ٍرسيسو, ذفاعو اىص٘تْح, ثْائٜ اثٞوانكهًات انرئيسية

 ادٝثٞد.

1. INTRODUCTION   

Reactive distillation (RD) is a process which includes a combination of reaction and separation 

in a single unit. The concept of combining these two important functions for enhancing the 

process overall performance is not new in chemical engineering world. The production of 

ammonia from soda ash by classic Solvay process of the 1860s may be cited as possibly the first 

commercial applying of this technique,Sundmacher and Kienle,2002. Many old operations 

have made usage of this concept.The combination of reaction and distillation is possible , of 

course only if the conditions of both operations can be combined. This means that the reaction 

have to show data for reasonable conversion at temperature and pressure levels that are 

compatible with separation conditions. The type of catalysis is also important. Homogeneous 

catalysis is possible in more cases , but requires a separation step for catalyst recycling. This can 

be eliminated in heterogeneous catalysis , but here special constructions are necessary to fix the 

catalyst in the reaction zone. If everything harmonizes , considerable advantages arise : for the 

production of methyl acetate via RD for example , only one column is needed instead of a 

reactor and nine columns. RD can be used with many chemical processes including acetylation 

,Mufrod, et al.,2013, amination , esterification , etherification , hydrolysis , hydration , 

dehydration , hydrogenation , isomerization , etc.. 

The general utility of RD (till now) is increasing the conversion of reversible reactions , 

Laybenand Ching Yu,2008. This depends on the withdrawal of the product (or one of the 

products) by evaporation from the reacting mixture. This technique accelerates the forward 

reaction.RD also provides compactness to the chemical plant and cost effectiveness. 

This research presents a new study in RD of a consecutive reaction. The consecutive reaction 

proposed is the saponification reaction of diethyl adipate with sodium hydroxide solution. This 

reaction takes place in two steps. The distillation process has the role of withdrawing the 

intermediate product(SMA) by evaporation from the reacting mixture before the second 

conversion occurs. This technique is useful in producing the intermediate product(when it is the 

desired product)as it is the case in many industrial and petroleum processes. 
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2. KINETICS OF REACTIONS 

Saponification reaction of diethyl adipate as studied byNewberger and Kadlec ,Newberger and 

Kadlec,1973, represents second order , irreversible , consecutive homogeneous reaction in the 

liquid phase . 

The chemical reactions are represented as follows , Newberger and Kadlec,1973: 

(CH2)4(COOC2H5)2+NaOH
  
→ (CH2)4(COONa)(COO C2H5) + C2H5OH 

Diethyl adipate  Sodiumhydroxide   Sodium monoethyl adipate  Ethanol 

(CH2)4(COONa)(COOC2H5)+NaOH
  
→ (CH2)4(COO Na)2+ C2H5OH 

Sodiummonoethyladipate Sodiumhydroxide   Disodium adipate   Ethanol 

 

They found that the rate constant of the first reaction (k1) to be 9.3 m
3
/kmole.s while that of the 

second reaction (k2) to be 7.7 m
3
/kmole.s. These values were obtained at temperature 293.1  K . 

It is obvious that k1> k2 i.e. the first reaction is faster than the second . 

They also found that the frequency factors of Arrhenius equation , and the activation energies of 

the two reactions were : 

A1 = 4.87 * 10
6
 m

3
 / Kmole . s       ,          A2 = 3.49 * 10

6
 m

3
 / Kmole . s                                    

E1 = 42.2 MJ / Kmole                                     ,                   E2 = 25.0 MJ / Kmole 

It is obvious that E1> E2 , so the first reaction has a higher energy barrier than the second 

reaction . 

In addition , they determined the heats of the two reactions to be : 

ΔH1 = - 45.2 ± 3.4 MJ / Kmole  

ΔH2 = - 68.0 ± 4.2 MJ / Kmole 

These quantities were found to contribute at most 0.5 K temperature rise in their tubular reactor , 

Newberger and Kadlec,1973. 

 

3. METHODOLOGY 

 

3.1 Experimental Work  

 

1-Sodium hydroxide solution (NaOH) was prepared and standardized using indicators 

,Vogel,1961, and pH – meter . 

2-Experiments were conducted to compare the case of using distillation with that of without 

distillation . 

3-Measured amounts (20 - 27 ml.) of diethyl adipate (DA) and sodium hydroxide "NaOH" 

solution (56 – 332 ml.) were mixed in (500 – ml.) distillation flask which was shielded . 

4-Keeping the temperature at constant value (50  ) and providing good mixing (500 rpm) for 

the reacting mixture using magnetic stirrer . 

5-After a planned period of time (1.5 hr.) the reaction was stopped and flask contents which 

consist of two layers were transferred immediately to a (500 – ml.) separating funnel . 

6-The weight and volume of each layer were measured . 
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7-FTIR measurement was done for each layer which showed the existence of sodium 

monoethyladipate (SMA) in the two layers with higher concentration in the upper layer . The 

unreacted diethyl adipate (DA) was noticed to appear in the two layers too with higher 

concentration in the upper layer than that of the lower layer .  

8-Atomic absorption measurement was done for the upper layer to measure the concentration of 

sodium monoethyladipate (SMA) . 

9-The conversion of diethyl adipate (DA) to sodium monoethyladipate (SMA) was calculated . 

Relative conversion (conversion of DA to SMA relative to base case* conversion) was adopted 

to show the enhancement of conversion with respect to base case . Also , the purity of upper 

layer relative to the lower layer was calculated.  

 

3.2 Experimental Work  

1-Sodium hydroxide (NaOH) solution , was prepared and standardized .  

2-According to the design of experiment (Table 1) ,
(Montgomery,2001)

 three factors were intended to 

study (feed mole ratio , sodium hydroxide (NaOH) solution concentration, and batch 

"distillation" time) within the ranges fixed in Table 2 . 

3-Measured amounts (12 – 129 ml.) of diethyl adipate (DA) and sodium hydroxide solution 

"NaOH" (31 – 332 ml.) were mixed in (500 – ml.) distillation flask which was shielded .                                

4-Heating the mixture till boiling . The distillate began to appear approximately at about 100 
0
C . 

5-The distillate was collected in receiving conical flask . It was noticed that it was composed of 

two layers . 

6-The distillate was transferred to a (500 - ml.) separating   funnel .  

7- The weight and volume of each layer were measured . 

8-FTIR measurement was done for each layer which showed that sodium monoethyladipate 

(SMA) appeared in the dominate upper layer . The unreacted diethyl adipate (DA) appeared in 

the impaired lower layer . 

9- After that atomic absorption was made for the upper layer to measure the concentration of 

sodium monoethyladipate (SMA) . 

10-The conversion( using Eq. (1))and relative conversion ( usingEq. (2))were calculated as in the 

case of without distillation . The percentage purity of distillate upper layer which contains SMA 

was also calculated( using Eq. (3)) . 

11-In order to characterize the final product , i.e disodium adipateDSA ( see Fig. 1)the 

measurement of somephysical properties were performed as illustrated in Table 3 . 

 

*Base case : is the experiments that carried out at lower values of all the parameters , which is regarded as base 

(reference) case . 
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3.3 Illustrations of Relative Conversion and Percentage Purity Calculations 

Sodium monoethyladipate (SMA) concentration = sodium (Na) concentration in distillate upper 

layer 

 

Conversion of diethyl adipate (DA) to (SMA)=
                          

                   
                             (1) 

 

Relative conversion=
                        

          (    )          
                                                                              (2) 

 

%Purity=
                            

                      
    (3) 

 

4. RESULTS  

 

4.1 Experimental Results 

Fig. 2 shows the variation of sodium monoethyladipate (SMA) concentration with feed mole 

ratio represented by (x1) . Two curves were drawn for the same NaOH solution concentration (x2 

= 3 N) and different distillation time (x3 = 1.5 and 3.5 hr.) . From this figure , it is clear for the 

two curves that SMA concentration was direct proportional with feed mole ratio in the range (x1 

= 0.1 – 0.3) . The two curves have a maximum SMA concentration at (x1 = 0.3) . After that, 

increasing feed mole ratio in the range (x1 = 0.3 – 1) caused decreasing in SMA concentration. 

This can be explained as follows : the rate of first conversion reaction (SMA production) is 

higher than the rate of second conversion reaction (SMA consumption) , Newberger and 

Kadlec,1973. The increasing in feed mole ratio in the range (x1 = 0.1 – 0.3) activated the first 

conversion reaction (i.e SMA production increased) and its concentration in distillate increased . 

Higher increasing in feed mole ratio in the range (x1 = 0.3 – 1) activated the second conversion 

reaction (i.e SMA consumption increased) so its concentration in distillate decreased . Also , it is 

clear from this figure that SMA concentration for the curve of shorter distillation time (t = 1.5 

hr.) at (x1 = 0.1 – about 0.8) was higher than that of longer distillation time (t = 3.5 hr.) . At feed 

mole ratio (x1 = 0.3) SMA concentration for the curve of shorter distillation time (106.10 ppm.) , 

while for the curve of longer distillation time (50.33 ppm.) viz has its half concentration value . 

This is because longer distillation time activated the second reaction (i.e SMA consumption 

increased) , meanwhile the other products (ethanol) as well as (water) continued to accumulate in 

the distillate . So SMA concentration with respect to the upper layer of distillate reduced .  

Fig. 3  also shows the variation of SMA concentration with feed mole ratio (x1) . Again two 

curves were drawn for the same NaOH solution concentration (x2 = 8 N) and different batch time 

(x3 = 1.5 and 3.5 hr.) . From this figure , it is clear that the two curves have the same trend of 

variation as in Fig. 2 with wide difference between them . The peak of the curve of shorter 

distillation time (119.82 ppm.) was higher than the corresponding one of Fig. 2. The peak of the 

curve of longer distillation time (15.77 ppm.) was lower than the corresponding one of Fig. 2 . 
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This is because increasing NaOH solution concentration activated both the first and second 

reactions . For (1.5 hr.) duration SMA accumulation was greater than its consumption , so SMA 

concentration increased with increasing NaOH solution concentration . For (3.5 hr.) duration 

SMA consumption was greater than its accumulation , so SMA concentration decreased with 

increasing NaOH solution concentration .  

Fig. 4 illustrates the variation of SMA concentration with NaOH solution concentration 

represented by (x2) . The curve was drawn for feed mole ratio (x1 = 0.3) and distillation time (t = 

2.5 hr.), i.e. the center points of each parameter . From this figure , it is clear that SMA 

concentration decreased with increasing NaOH solution concentration in the range (x2 = 3 – 5.5 

N) . The curve has a minimum value of SMA concentration (8.67 ppm.) at (x2 = 5.5 N) . After 

that SMA concentration increased with increasing NaOH solution concentration in the range (x2 

= 5.5 – 8 N) . As explained before , increasing NaOH solution concentration stimulated both 

reactions . Also , as explained before in Figs. 2 and 3 , for ( t = 1.5 hr.) and (x1 = 0.3) NaOH 

solution concentration (x2 = 8 N) gave higher SMA concentration than NaOH solution 

concentration (x2 = 3 N) , while for (t = 3.5 hr.) NaOH solution concentration (x2 = 3 N) gave 

higher SMA concentration than NaOH solution concentration (x2 = 8N) . For (t = 2.5 hr.) and (x1 

= 0.3) SMA concentration for NaOH solution concentration (x2 = 8 N) was higher than its 

concentration for NaOH solution concentration (x2 = 3 N) .  It can be concluded that SMA 

concentration increased with increasing NaOH solution concentration during (1.5 – 2.5 hr.) , 

while SMA concentration decreased with increasing NaOH solution concentration during (2.5 – 

3.5 hr.) . 

Fig. 5 explains the variation of SMA concentration with batch (distillation) time represented by 

(x3) . The curve was drawn for feed mole ratio (x1 = 0.3) and NaOH solution concentration (x2 = 

3 N) . From this figure , it is clear that increasing distillation time in the range (t = 1.5 – 2.5 hr.) 

decreased SMA concentration progressively .The curve has a minimum in SMA concentration 

(10.55 ppm.) at (t = 2.5 hr.) . After that, SMA concentration increased with increasing distillation 

time in the range (t = 2.5 – 3.5 hr.) . This can be explained as follows : the increasing in 

distillation time in the range (t = 1.5 – 2.5 hr.) for (x2 = 3 N) decreased SMA concentration 

because of increasing SMA consumption by means of activating the second conversion reaction, 

meanwhile other products (ethanol) as well as (water) continued to accumulate in distillate upper 

layer so SMA concentration decreased progressively . The increasing in SMA concentration with 

increasing distillation time in the range (t = 2.5 – 3.5 hr.) was because of decreasing SMA 

consumption . Also , from this figure it is clear that SMA concentration for shorter distillation 

time (106.10 ppm.) was higher than SMA concentration for longer distillation time (50.33 ppm.) 

as explained in Fig. 2 at (x1 = 0.3) . 

Fig. 6 shows the variation of SMA concentration with batch time (x3) and feed mole ratio (x1 = 

0.3) . The curve was drawn for NaOH solution concentration (x2 = 8 N) . As explained 

previously , increasing NaOH solution concentration stimulated the two reactions (first and 

second conversion reactions) . From this figure , it is clear that when distillation time increased 

in the range  (t = 1.5 - 2.5 hr.) SMA concentration increased . The curve has a maximum SMA 

concentration (152.37 ppm.) at (t = 2.5 hr.) , this is on the contrary to Fig. 5 which has a 

minimum value at (t = 2.5 hr.) . This means higher SMA production be at (t = 2.5 hr.) for (x2 = 8 

N) , while higher SMA consumption be at (t = 2.5 hr.) for (x2 = 3 N) . After that, SMA 

concentration decreased when distillation time increased in the range (t = 2.5 - 3.5 hr.) . Also,  it 

is clear from this figure (1.5 hr.) distillation time gave higher SMA concentration (119.82 ppm.) 

than (3.5 hr.) distillation time (15.77 ppm.)as explained in Fig. 3. 
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Fig. 7 explains the variation of relative conversion with feed mole ratio (x1) . The curves were 

drawn for the same NaOH solution concentration (x2 = 3 N) , and different batch time (x3 = 1.5 

and 3.5 hr.) . From this figure , it is obvious that for the two curves the relative conversion 

proportionally increased with increasing feed mole ratio in the range (x1 = 0.1 - 0.3) . The two 

curves have a maximum relative conversion at (x1 = 0.3) which seems to be the best value in our 

range of feed mole ratios . After that increasing feed mole ratio in the range (x1 = 0.3 – 1) 

decreased relative conversion . The increasing in relative conversion with increasing feed mole 

ratio in the range (x1 = 0.1 – 0.3) was because of the increasing in SMA concentration in this 

range of feed mole ratios as shown in Fig. 2. The decreasing in relative conversion for the range 

(x1 = 0.3 - 1) is due to the decreasing in SMA concentration. The curves have the same trend of 

variations as in Fig. 2 . Relative conversion is a function of SMA concentration, weight of 

distillate upper layer , and DA volume . It varies proportionally with SMA concentration and the 

weight of the upper layer and it varies inversely with DA volume . At (x1 = 0.3) relative 

conversion for the curve of shorter distillation time was (18.58) , while for the curve of longer 

distillation time was (9.76) . This was because SMA concentration for (t = 1.5 hr.) was higher 

than its concentration for (t = 3.5 hr.) as shown in Fig. 2. It was noticed thatat feed mole ratios 

approximately above (x1 = 0.6) the variation of relative conversion with feed mole ratio becomes 

linear .  

Fig. 8  also explains the variation of relative conversion with feed mole ratio (x1) and different 

batch time (x3 = 1.5 and 3.5 hr.) . The two curves were drawn for the same NaOH solution 

concentration (x2 = 8 N) . From this figure , it is clear that for the curve of shorter distillation 

time ,  relative conversion increased with feed mole ratios in the range (x1 = 0.1 - 0.3) . The 

curve has a maximum value of relative conversion (2.76) at (x1 = 0.3) . After that the relative 

conversion decreased when feed mole ratio increased in the range (x1 = 0.3 – 1) . This curve has 

this behaviour due to increasing then decreasing in SMA concentration as shown in Fig. 3 . This 

curve has the same trend of variation as the curve of shorter distillation time in Fig. 7 . The peak 

of the curve of shorter distillation time (2.76) is lower than the corresponding one of Fig. 7 . This 

appears in contradiction with Figs. 2and3 . This is because of lower weight of distillate upper 

layer and higher volume of DA . For the curve of longer distillation time it is clear that the 

relative conversion decreased when feed mole ratio increased in the range (x1 = 0.1 - 0.55) . The 

curve has a minimum value of relative conversion (0.18) at (x1 = 0.55) . Then relative conversion 

increased somewhat till (x1 = 1) . The decreasing in relative conversion with feed mole ratio in 

the range (x1 = 0.1 – 0.55) because of decreasing in weight of distillate upper layer and 

increasing in DA volume . The increasing in relative conversion for the range (x1 = 0.55 - 1) was 

because of increasing in weight of upper layer distillate and increasing SMA concentration . The 

peak for the curve of longer distillation time (0.62) is lower than the corresponding one of 

Fig.7.This is because of lower weight of distillate upper layer and higher volume of DA as 

mentioned above. 

Fig. 9 shows the variation of relative conversion with NaOH solution concentration (x2) . The 

curve was drawn for feed mole ratio (x1 = 0.3) and batch time (x3 = 2.5 hr.) . From this figure , it 

is clear that the relative conversion decreased with increasing NaOH solution concentration in 

the range (x2 = 3 – 5.5 N) . The curve has a minimum value of relative conversion (0.39) at (x2 = 

5.5 N) . After that the relative conversion increased when NaOH solution concentration 

increased in the range (x2 = 5.5 – 8 N) . The behaviour of this curve was due to the 

decreasingthenincreasing of SMA concentration with NaOH solution concentration as shown in 

Fig. 4. 



Journal of Engineering         Volume    22   March  2016  Number 3 
 

 

56 

 

Fig. 10 explains the variation of relative conversion with distillation time (x3) . The curve was 

drawn for feed mole ratio (x1 = 0.3) and NaOH solution concentration (x2 = 3 N) . From this 

figure , it is clear that the relative conversion decreased when distillation time increased in the 

range  (t = 1.5 – 2.5 hr.) . The curve has a minimum value of relative conversion (0.68) at ( t = 

2.5 hr.)  . After that, the relative conversion increased with increasing distillation time in the 

range (t = 2.5 – 3.5 hr.) . This behaviour due to the decreasingthen increasing of SMA 

concentration with distillation time as shown in Fig. 5 . 

Fig. 11 also explains the variation of relative conversion with distillation time (x3) , and feed 

mole ratio (x1 = 0.3) . The curve was drawn for NaOH solution concentration (x2 = 8N). From 

this figure , it is clear that the relative conversion decreased with increasing distillation time . 

This can be attributed to the decreasing in SMA concentration as discussed in Fig. 6. 

Fig. 12 illustrates the variation of percentage purity of distillate upper layer with feed mole ratio 

(x1)  . The two curves were drawn for the same NaOH solution concentration (x2 = 3 N) and 

different batch time (x3 = 1.5 and 3.5 hr.) . From this figure ,  obvious  that the percentage purity 

for the two curves increased with increasing feed mole ratio in the range  (x1 = 0.1 – 0.3) . The 

two curves have a maximum value of percentage purity at (x1 = 0.3) . After that the percentage 

purity decreased with increasing feed mole ratio in the range  (x1 = 0.3 – 1) . Percentage purity is 

a function of weight of distillate upper layer and unreacted DA weight in distillate . It is 

proportionally varies with the weight of distillate upper layer and inversely varies with the 

weight of unreacted DA in distillate . The increasing in percentage purity with increasing feed 

mole ratio  in the range (x1 = 0.1 – 0.3) was because stimulating the first conversion reaction 

(DA consumption increased so the appearance of unreacted DA in distillate decreased and SMA 

concentration in distillate increased) as explained in Fig. 2 . The decreasing in percentage purity 

with increasing feed mole ratio in the range  (x1 = 0.3 - 1) was because stimulating the second 

conversion reaction (i.e SMA concentration in distillate decreased) as explained in Fig. 2 . So the 

weight of upper layer distillate decreased and percentage purity decreased . Also , it is clear from 

this figure that the percentage purity for the curve of longer distillation time was higher than that 

of shorter distillation time . For the curve of (t = 3.5 hr.) at (x1 = 0.3) the percentage purity 

(98.52 %) , while it is (97.5 %) for the curve of (t = 1.5 hr.) . This is because the accumulation of 

(ethanol) as well as (water) increased in the distillate for longer distillation time . So the weight 

of distillate upper layer increased with respect to unreacted DA layer (distillate lower layer) so 

that percentage purity of distillate upper layer increased .  

Fig. 13 also illustrates the variation of percentage purity with feed mole ratio (x1) .The  batch 

time for the two curves was different (x3 = 1.5 and 3.5 hr.) . The two curves were drawn for the 

same NaOH solution concentration (x2 = 8 N) . From this figure , it is clear that the two curves 

have the same trend of variation of Fig. 12 . The peak for the curve of longer distillation time 

(98.01 %) was lower than the corresponding one of Fig.12 . Also the peak for the curve of 

shorter distillation time  (97.08 %) was lower than the corresponding one of Fig. 12 . This is 

because for (x2 = 8 N) both first and second reactions were highly activated ,so the accumulation 

of ethanol and water is much more than for (x2 = 3 N )for (t = 1.5 hr.) as well as for (t = 3.5 hr.)  . 

So the accumulated distillate for (t = 1.5 and 3.5 hr.) is much more than that for(x2 = 3 N) in Fig. 

12. The conclusion , that the maximum percentage purity occurred in low NaOH solution 

concentration (x2 = 3 N) for both distillation time (1.5 hr. and 3.5 hr.) .Fig. 14 shows the 

variation of percentage purity with NaOH solution concentration (x2) . The curve was drawn for 

feed mole ratio (x1 = 0.3) and batch time (t = 2.5 hr.) . From this figure, it is obvious that the 

percentage purity decreased with increasing NaOH solution concentration in the range  (x2 = 3 – 
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5.5 N) . The curve has a minimum percentage purity (95.34 %) at (x2 = 5.5 N) . After that, the 

percentage purity increased with increasing NaOH solution concentration in the range  (x2 = 5.5 

– 8 N) . This behaviour can be discussed through the decreasing then increasing of SMA 

concentration in Fig. 4.This result is fairly coincident with the conclusion of Fig. 13. 

 Fig. 15 illustrates the variation of percentage purity with distillation time (x3) . The curve was 

drawn for feed mole ratio (x1 = 0.3) and NaOH solution concentration (x2 = 3 N) . From this 

figure , it is clear that the percentage purity decreased with increasing distillation timein the 

range  (x3 = 1.5 – 2.5 hr.) . The curve has a minimum value of percentage purity (97.21 %) at (t = 

2.5 hr.) . After that the percentage purity increased with increasing distillation time in the range 

(t = 2.5 – 3.5 hr.) . The discussion of the curve may be accomplished through Fig. 5 as the 

decreasing SMA concentration led to decreasing percentage purity . Then increasing SMA 

concentration led to increasing percentage purity . 

Fig. 16 also illustrates the variation of percentage purity with distillation time (x3) and feed mole 

ratio (x1 = 0.3) . The curve was drawn for NaOH solution concentration (x2 = 8 N) . From this 

figure ,  it is obvious that the percentage purity increased with increasing distillation time in the 

range  (t = 1.5 – 2.5 hr.) . The curve has a maximum percentage purity (99.40 %) at (t = 2.5 hr.) . 

After that the percentage purity decreased with increasing distillation time in the range (t = 2.5 – 

3.5 hr.) . The curve can be discussed through the curve ofFig. 6. Increasing SMA concentration 

in the range (1.5 – 2.5 hr.) led to increasing percentage purity . Then decreasing SMA 

concentration in the range (2.5 – 3.5 hr.) led to decreasing percentage purity . 

 

4.2 Empirical Equation and Figures 

The empirical equation obtained from the statistical manipulation of the design of experiments 

results is:  

 

y = (0.5329) x1 + (1.5376) x2 +(0.6561) x3 + (0.2304) x1x2 + (0.2809) x1x3 + (0.2704) x2x3 + 

(0.2304) x1x2x3                                                                                                                                                                                             (4) 

 

The empirical equation shows neither significance interaction between the parameters nor 

significance of any parameter except x2 because all coefficients are     except that for x2 

(1.5376). This indicates that NaOH solution concentration is the most effective parameter on the 

conversion . 

Applying the parameters in the empirical equation, Eq. (4) within the range of parameters 

studied produced Figs. 17-21 . Figs. 17-21, generally show the linear trend of variation . The 

reason of linearity is the absence of interactions between the variables (parameters studied , i.e 

feed mole ratio , sodium hydroxide solution concentration , and batch time) . The close looking 

of these results with experimental results shows that the empirical equation may well applied on 

this system at high values of feed mole ratios , high values of sodium hydroxide solution 

concentration , and low values of batch time . The empirical relation accounts for the general 

relation or trend of variation and not details . Therefore ; the peaks didn't appear in empirical 

figures . 
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5. CONCLUSIONS 

From this study the following items can be concluded: 

1-Feed mole ratio (x1) obviously affected the concentration of SMA in the distillate . 

Accordingly the conversion and purity were also influenced by  it . Increasing feed mole ratio 

caused increasing in the concentration of SMA , conversion of  DA to SMA , and percentage 

purity of SMA in the distillate in the range (0.1 - 0.3) , when the other factors x2 (NaOH solution 

concentration) and x3 (batch time) were fixed at specified values . In the range (0.3 – 1) of x1 the 

concentration , conversion , and percentage purity decreased .  

2-Increasing sodium hydroxide solution concentration (x2) increased the concentration of SMA , 

as well as the conversion and percentage purity with other parameters (x1 and x3) were fixed. 

That was attributed to the effect of NaOH as a reactant which accelerated the reactions with 

increasing in its concentration . Although , there were some ranges (x2 = 3 – 5.5 N) of NaOH 

solution concentration which caused decreasing in SMA concentration , conversion , and 

percentage purity .  

3-Increasing in batch time (x3) caused decreasing the concentration of SMA and percentage 

purity till it reached (2.5 hr.) . After this value with other factors made fixed (x1 = 0.3 and x3 = 3 

N) , the concentration of SMA and percentage purity increased with increasing x3 . For the set of 

parameters (x1 = 0.3 and x3 = 8 N) increasing x3 made increasing in the concentration of SMA 

and percentage purity till (x3 = 2.5 hr.) . After this value SMA concentration and percentage 

purity decreased with increasing x3 . 

4-The conversion of DA to SMA for (x1 = 0.3 and x2 = 3 N) showed decreasing with increasing 

batch time (x3) till (x3 = 2.5 hr.) . Then the conversion increased with increasing x3 . For the set 

of parameters (x1 = 0.3 and x2 = 8 N) the increasing x3 made steady decreasing in the conversion 

of DA to SMA .      

5-The empirical equation well represented the system in the range of high values of x1 and x2 and 

low values of x3 .Also , it showed no interactions between the parameters and independence on 

the two parameters (x1andx3). In other words, it is dependent on x2 only.  

6-The empirical figures showed a linear relationships between the effect (conversion) and the 

parameters (x1 , x2 , and x3) . It was concluded that the empirical equation didn't consider the 

detailed behaviour of the function (conversion) . On the contrary , it took into account the global 

effect of the parameters as a whole . 

7- The maximum conversion obtained in this study was 18.58 fold of that for the base case 

which corresponds to the set of parameters (x1 = 0.3, x2 = 3 Nandx3 = 1.5 hr.).In other words , it 

corresponds to the center point of  x1, the low value of x2 and the low value of x3.The percentage 

purity for this set of parameters was %97.50 . Although the maximum percentage purity obtained 

was %99.40 which corresponds to(x1 = 0.3, x2 = 8 Nandx3 = 2.5 hr.), the calculated relative 

conversion for this set was only 2.40. 
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Table 1 . Design of experiments . 

 

 

 

 

 

 

 

 

 

 

 

Time (x3) ,     (hr.) NaOH solution 

concentration (x2) , (N) 

Feed mole ratio (x1) , 

(mol. DA / mol. NaOH) 

1.5 3 0.1 

1.5 3 1 

1.5 8 0.1 

1.5 8 1 

3.5 3 0.1 

3.5 3 1 

3.5 8 0.1 

3.5 8 1 
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Table 2 . Variation range of parameters. 

Factor 
Low value 

(-) 

Centre value 

(0) 

High value 

(+) 

Feed mole ratio (x1) , (mole 

DA / mole NaOH solution) 
0.1 0.55 1 

NaOH solution concentration  

(x2) , (N) 
3 5.5 8 

Time (x3) , (hr.) 

 
1.5 

2.5 

 

3.5 

 

 

Table 3 . Some physical properties of DSA. 

Published , 
[*]

 
Measured Physical property 

1.7 1.4428(using gas pycnometry) 

1.4852(using ultra – pycnometry) 

Density , g / cm
3

 

250      Melting point ,   

 

 

 

 

Figure 1 . Disodium adipate from experimental work (with distillation) .
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Figure 2 . SMA concentration , (ppm.) vs. 

feed mole ratio (x1) for NaOH sol. conc. = 

3N and t = (1.5 & 3.5 hr.) . 

 

 

 

Figure 3 . SMA concentration , (ppm.) vs. 

feed mole ratio(x1) for NaOH sol. conc. = 

 8 N and t = (1.5 & 3.5 hr.) 

 

 

 

 

Figure 4 . SMA concentration , (ppm.) vs. 

NaOH solution concentration (x2) , (N) for 

feed mole ratio = 0.3 and t = 2.5 hr. 

 

 

 

Figure 5 . SMA concentration , (ppm.) vs. t 

(x3) , (hr.) for feed mole ratio = 0.3 and 

NaOH sol. conc. = 3 N . 
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Figure 6 . SMA concentration , (ppm.) vs.  t 

(x3) , (hr.) for feed mole ratio = 0.3 and 

NaOH sol. conc.= 8 N . 

 

 

Figure 7 . Relative conversion vs. feed mole 

ratio (x1) for NaOH sol. conc. = 3 N and t = 

(1.5 & 3.5 hr.) . 

 

 

 

Figure 8 . Relative conversion vs. feed mole 

ratio (x1) for NaOH sol. conc.= 8 N and t = 

(1.5 & 3.5 hr.) . 

 

 

Figure 9 . Relative conversion vs. NaOH 

solution concentration (x2) , (N) for feed 

mole ratio = 0.3 and t = 2.5 hr. 
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Figure 10 . Relative conversion vs. t (x3) , 

(hr.)  for feed mole ratio = 0.3 and NaOH 

sol. conc. = 3 N . 

 

 

 

Figure 11 .Relative conversion vs. t (x3) , 

(hr.)  for feed mole ratio = 0.3 and NaOH 

sol. conc.= 8 N . 

 

Figure 12 .% purity vs. feed mole ratio (x1) 

for NaOH sol. conc. = 3 N and t = (1.5 & 

3.5 hr.) . 

 

 

 

Figure 13 . % purity vs. feed mole ratio (x1) 

for NaOH sol. conc. = 8 N and t = (1.5 & 

3.5 hr.) . 
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Figure 14 .% purity  vs. t (x3) , (hr.) for feed 

mole ratio = 0.3 and t = 2.5 hr. 

 

 

 

Figure 15 . % purity vs. t(x3) , (hr.) for feed 

mole ratio = 0.3 and NaOH sol. conc. = 3 N. 

 

 

 

 

Figure 16 . % purity vs. t(x3) , (hr.) for feed 

mole ratio = 0.3 and NaOH sol. conc. = 8 N. 

 

 

 

Figure 17 . Relative conversion vs. feed 

mole ratio (x1) for NaOH sol. conc. = 3 N 

and t = (1.5 & 3.5 hr.) . 
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Figure 18 .Relative conversion vs. feed 

mole ratio (x1) for NaOH sol. conc. = 8 N 

and t = (1.5 & 3.5 hr.) . 

 

 

 

Figure 19.Relative conversion vs. NaOH 

sol. conc.  (x2) , (N) for feed mole ratio = 0.3 

and t = 2.5 hr. 

 

 

 

Figure 20 .Relative conversion vs. t (x3) , 

(hr.) for feed mole ratio = 0.3 and NaOH sol. 

conc. = 3 N . 

 

 

 

Figure 21 .Relative conversion vs. t (x3) , 

(hr.) for feed mole ratio = 0.3 and NaOH sol. 

conc. = 8 N . 
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ABSTRUCT 

Sliding Mode Controller (SMC) is a simple method and powerful technique to design a 

robust controller for nonlinear systems. It is an effective tool with acceptable 

performance. The major drawback is a classical Sliding Mode controller suffers from 

the chattering phenomenon which causes undesirable zigzag motion along the sliding 

surface. To overcome the snag of this classical approach, many methods were proposed 

and implemented. In this work, a Fuzzy controller was added to classical Sliding Mode 

controller in order to reduce the impact chattering problem. The new structure is called 

Sliding Mode Fuzzy controller (SMFC) which will also improve the properties and 

performance of the classical Sliding Mode controller. A single inverted pendulum has 

been utilized for testing the design of the proposed controller. Programming and 

Simulink by Matlab have been used for the simulation results. 

 

Key words: sliding mode control, fuzzy logic control, sliding mode fuzzy control, 

chattering phenomenon. 

 

 لا خطيلنظام مسيطرات النمط الأنزلاقي الضبابي تصميم وتنفيذ 
 أحمذ خلف حمودي

 مدرس

 الجامعة التكنىلىجية-كلية الهندسة

 قسم هندسة السيطرة والنظم
 

 الخلاصة

أن مسيطرات النمط الأنزلاقي ىي مسيطرات بسيطة وفعالة لمحصول عمى مسيطر متين وجيد لمتعامل مع الأنظمة 
جيدة ومقبولة. أن  صفاتامىطريقة فعالة لمحصول عمى مسيطر متين لا خطي يعطي نتائج ذات اللاخطية, وىي 

ظاىرة التذبذب ىي أكثر ظاىرة سيئة تعاني منيا أنظمة النمط الأنزلاقي. وتسبب ىذه الظاىرة حركة متعرجة عمى 
البحث أقتراح عدد من الطرق. في ىذا في أنظمة النمط الأنزلاقي تم  تقميل ظاىرة التذبذب لأمتداد السطح الأنزلاقي. 

من أجل التغمب عمى مشكمة ظاىرة التذبذب. الشكل الجديد أضافة المسيطر الضبابي الى المسيطر الأنزلاقي  تم
الذي سوف يحسن مواصفات وخصائص مسيطرات النمط  الضبابي لممسيطر يدعى مسيطر النمط الأنزلاقي

. لقد تم أقتراحوالذي تم  لأختبار مسيطر النمط الأنزلاقي الضبابيالمقموب  البندول الأحاديتم أستخدام . الأنزلاقي
 أستخدام البرمجة بمغة ماتلاب لأيجاد النتائج. 

ظاىرة  ,الضبابي الأنزلاقيالسطح  ةسيطر  ,الضبابيسيطرة السطح  ,الأنزلاقيسيطرة السطح  :الرئيسيهألكممات 
 .التذبذب
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1. INTRODUCTION       

Most nonlinear systems suffer from uncertainty in their dynamic parameters which 

necessitates the design of high performance controllers.  Today, many strong and new 

methods are used to design adaptive nonlinear robust controllers with acceptable 

performance. The Sliding mode controller (SMC) is one of the best nonlinear robust 

controllers that can be used in nonlinear systems that suffer from parameters 

uncertainty, Utkin, 2009. The sliding mode controller was first proposed in the 1950. It 

is consists of two phases; reaching and sliding phases. In reaching phase, the sliding 

mode control drives the state trajectory, from any initial point, toward the sliding 

surface in the state space by using a discontinuous control action. In sliding phase, it 

will force the state trajectory to stay on this sliding surface and to slide along this 

surface until reaching the origin. In this method, the control action was smoothed to 

reduce the chattering. The ultimate advantage of using sliding mode controller is 

achieved when the sliding surface becomes insensitive to parameters uncertainty or 

external disturbances inside a plant, AL-Samarraie 2011. The chattering phenomenon 

that results from the discontinuous control action is, however, a severe problem in SMC. 

In a method called modified sliding controller, the boundary layer was employed in 

order to reduce the chattering phenomenon, Hamoudi, 2014 and Piltan, et al., 2011. 

The disadvantages of using pure sliding mode controller were resolved after adopting a 

modified sliding mode controller scheme. Some authors used Genetic algorithms to 

improve the classical sliding mode controller, Wong, et al., 2001 and Lin, 2003. Others 

combined fuzzy logic controller (FLC) with the sliding mode control method (SMC) to 

overpass the disadvantages of the pure sliding mode controllers, Rahmdel, and 

Bairami, 2012. Fuzzy logic controller is, however, weaker in testing the stability. 

Nevertheless, the stability can be ensured by combining together fuzzy and sliding 

mode controllers to get a new; more practical, structure called sliding mode fuzzy 

controller (SMFC). In the current study, a sliding mode fuzzy controller (SMFC) was 

used in order to reduce the chattering phenomenon; usually appears with pure sliding 

mode controllers. 

 

2. SLIDING MODE CONTROL (SMC) 

For nonlinear systems control, the most challenging problem in designing a control 

algorithm is to design a linear controller for nonlinear systems. This method, however, 

needs some stringent setup in which the controller must work near the system operating 

point. This is very difficult for large variations in dynamic system parameters and high 

nonlinearities Lin, and Chen, 1994. To solve the above problems in nonlinear systems, 

most researches went toward designing a nonlinear controller. SMC is one of the most 

powerful nonlinear techniques; first proposed in the 1950 and was used later in wide 

range applications due to its acceptable control performance. This controller ensures 

insensitive control systems to unpredicted disturbance and parameters uncertainty.  

 

The sliding surface can be represented as;   

0),(  xxtxs  ; Where  is constant with positive value.                      (1) 

Let us define that xxandxx  21 , so the sliding surface will be re-written as: 

21 xxs    

 And for 1  the sliding surface will be as: 

21 xxs                                                                                          (2) 
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Figure 1. The sliding surface in state space for .1  

 

The idea is to keep ),( txs  near zero, in the phase plane, and to derive the system’s 

state trajectory to sliding surface, ,0),( txs if it is outside the sliding surface. 

 

The control law of sliding mode controller can be described as: 

  diseq uuu                                                                                                           (3) 

Where, equ represent the equivalent part of SMC and disu  is the discontinuous part.  

The disu  is defined as; 

)(. ssignkudis                                                                                     (4)  

Where k is constant and its value is 0k , where the )(ssign function can be 

described and defined as; 
 

 
Figure 2. Sign(s) function. 
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Therefore equation (3) can be re- written as 

)(. ssignkuu eq                                                                                               (6)          

 
3. MODIFIED SLIDING MODE CONTROL  

To reduce the chattering phenomenon, the modified sliding mode controller will be 

used. The new controller is achieved when using the boundary layer function 

)( ssat instead of the )(ssign function. The )( ssat function is described as; 
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Figure 3. The )( ssat function.  
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Where   is the thickness of the boundary layer 

)/(. ssatkuu satdis                                                                     (8) 

By substituting Eq. (8) in Eq. (3), the total control will be described as; 

    sateq uuu                                                                                         (9) 

)/(. ssatkuu eq                                                                                  (10) 

 

4. FUZZY LOGIC CONTROL 

In 1960, the control science made use of the fuzzy logic theory to design a powerful 

fuzzy logic controller to control nonlinear systems which suffer from parameters 

uncertainty and nonlinearity. In many applications, when using pure fuzzy controller, 

the stability cannot be guarantee and the performance may be unacceptable. The fuzzy 

logic controller (FLC), used in this work, is based on Mamdani’s method and consists of 

many stages as described below; 

4.1 Fuzzification: In this stage the inputs and outputs must be determined firstly and 

then selecting the suitable membership function (MF) according to this input and 

output. 

4.2 Fuzzy rule base: The rules in this stage consist from two parts, the antecedent and 

the consequent. The antecedent contains inequality or suitable relation that must be 

satisfied. Satisfying the antecedent will give the consequent. This point is exemplified 

as follows. If A is satisfied, then the output is B. Where; (A) and (B) are the antecedent 

and the consequent respectively. 

4.3 Aggregation of the rules: It is the process of obtaining the total conclusion from the 

consequents that come from each rule.  

4.4 Defuzzification: This is the final stage, where, the fuzzy output set is converted to 

crisp output value. There have been many defuzzification methods introduced; one such 

was used in this work, and is called the center of area (COA).   

 

5. SLIDING MODE FUZZY CONTROL (SMFC) 

SMC is a strong mathematical tool which can be considered as a robust nonlinear 

controller with acceptable performance. This controller can be used in nonlinear 

systems with parameters uncertainty. However, pure SMC is suffering from chattering 

problem which is undesired properties. For this reason, the present work focuses on 

combining fuzzy logic with sliding mode controllers to obtain a new structure; called 

SMFC of better performance (small settling time, fast response, and with no 

oscillation). Our main task is to find a suitable control law, for system’s output, capable 

of tracking reference trajectories. The structure of the SMFC is consisting of two parts 

as explained bellow: 

1: The SMC: This part has error (e) as its input and su as its output.  

2: The fuzzy controller: This part has one input (s) and one output ( fuzzyu ). The input, 

s , is come from the output of the sliding mode controller. The membership functions of 

the fuzzy controller are illustrated in Fig. 4 bellow: 
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Figure 4. The membership function of the fuzzy controller 

 

Where; NB, NS, Z, PS, PB are linguistic terms of antecedent fuzzy set. They mean 

negative big, negative small, zero, positive small, and positive big, respectively. A 

general form can be used to describe the fuzzy rules as it shown below: 

 

5.........,,1,, iBisUthenAisSif ifi                                                  (11) 

Where iA  represent the fuzzy triangle-shaped number and iB  represents the fuzzy 

singleton. 

 
Figure 5. The input membership function of the sliding mode fuzzy controller 

 

 

 
Figure 6. The output membership function of sliding mode fuzzy controller 

 

From Fig. 5 and Fig. 6, it can be concluded that for the sliding mode fuzzy controller  

  )/(.~ ssigkuu f                                                                                             (12)    

   
















11

11

11

)(

aif

aifa

aif

asig                                                                                    (13) 

From above, it can be concluded that the control signal in the sliding mode fuzzy 

controller in Eq. (12) and the modified sliding mode controller in Eq. (10) are 

completely the same. In the design of SMFC, the membership function for the input and 
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output of the fuzzy controller part can be found after making use of the modified sliding 

mode controller. In Eq. (12) for the SMFC, the center of the fuzzy output u~ and the 

gain fk can be substituted by equ and k  respectively of Eq. (10) for the modified 

sliding mode controller. So, completely stability and robust can be ensured for the fuzzy 

controller part in SMFC. The total controller of the SMFC will, therefore, be described 

as: 

 fuzzyslidingtotal uuu                                                                                  (14) 

 Where slidingu  is defined in Eq. (10). So Eq. (14) can be re-written as: 

 fuzzyeqtotal ussatkuu  )/(.                                                                   (15)     

 

6. SINGLE INVERTED PENDULUM   

The proposed Sliding Mode Fuzzy Control was implemented to single inverted 

pendulum systems. The position of such system is widely used in engineering systems. 

The main advantage of using this system is its ability for high tracking, fast response, no 

overshoot, and high robustness. The dynamic equation of single inverted pendulum can 

be given as in Wang, Wu, 2009. 

)()(
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Where 1x  is the angular position, 2x is the velocity, g = 2/81.9 sm , cm  is the mass and 

,1.0 kgm  ml 5.0 is a half length, u is the control input and )(td is the external 

disturbance. 

In this work, it is assumed that ,0)( td  and the initial condition is Tpix ]08/[)0(   

 

7. SIMULATION RESULTS  

In this section two sets of results are obtained. The first is obtained by using the 

classical sliding mode controller described in Eq. (6). The second set is obtained by 

using the proposed approach “the sliding mode fuzzy controller” described in Eq. (15). 

In both cases, it is assumed that 10k . The figures from Fig. 7 to Fig. 11 are 

belonging to the classical SMC, where the figures from Fig. 12 to Fig. 16 are belonging 

to the proposed SMFC. The results in SMFC are found by assuming .1  

 

8. DISCUSSION  

In this paper, two controllers are used for testing the single inverted pendulum. The first 

is the classical sliding mode controller; described in Eq. (6) and the second is the sliding 

mode fuzzy controller described by Eq. (15); to reduce the chattering associating the 

classical SMC. 

Fig. 9 shows the undesired chattering which appears clearly in the classical SMC. This 

undesired chattering was highly reduced after using the proposed SMFC method as it is 

shown clearly in Fig. 14. In classical SMC the chattering is illustrated because the 

system state hits the sliding surface vertically as it is shown in Fig. 11. When using the 
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proposed method SMFC, the system state hits the sliding surface approximately in an 

arc shape as shown in Fig. 16. As a result, the chattering was reduced. Also in classical 

SMC, it is noticed clearly that the error in Fig. 7 and the derivative of error in Fig. 8 are 

reached zero value in steady state. This is also appeared clearly when plot the phase 

plane between 1x and 2x  in Fig. 11. These zero values in error and derivative of error 

means that the system is asymptotically stable, and this is considered as important 

properties of the SMC. The same result is illustrated when using the proposed method 

SMFC as it is shown clearly in Fig. 12, Fig. 13, and Fig. 16. These results of both the 

classical SMC, and the proposed method SMFC, lead us to conclude the ability of both 

types of controllers to force the system to be asymptotically stable when they are used 

with it.  

         

9. CONCLUSION 

The obtained results show an improvement in the response of the proposed SMFC. The 

chattering usually appear in the classical SMC has been reduced as it is seen clearly 

when comparing between Fig. 9 and Fig. 14. Also from the above results, it can be seen 

clearly the ability of both controllers, the classical SMC and the proposed SMFC, to 

make the system in asymptotically stable case by making the error and the derivative of 

error at zero value as it shown clearly in Fig. 7, Fig. 8, and Fig. 11 in classical SMC and 

Fig. 12, Fig. 13, and Fig. 16 in proposed SMFC. This is an important property that is 

associated with the SMC and SMFC.    
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Table 1. Table of fuzzy rules for Fig. 5 and Fig. 6 in SMFC system 

S NB NS Z PS PB 

fU  PB PS ZE NS NB 
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                                    Figure 7. The error 1x vs. time in classical SMC. 
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                                    Figure 8. Plot of 2x vs. time in classical SMC. 
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                  Figure 9. The control action U vs. time in classical SMC. 
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                    Figure 10. The sliding surface S vs. time in classical SMC. 
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                       Figure 11. The phase plane between 2x and 1x in classical SMC. 
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                                 Figure 12. Plot of the error 1x vs. time in SMFC. 
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                                  Figure 13. Plot of 2x vs. time in SMFC. 
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              Figure 14. The control action U vs. time in SMFC. 
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         Figure 15. The sliding surface S vs. time in SMFC. 
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               Figure 16. The phase plane between 2x and 1x  in SMFC. 
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ABSTRACT 

The purpose of this study is to evaluate the hydraulic performance and efficiency of 

using direction diverting blocks, DDBs, fixed on the surface on an Ogee spillway in reducing the 

acceleration and dissipating the energy of the incoming supercritical flow. Fifteen types of DDB 

models were made from wood with a triangulate shape and different sizes were used. 

Investigation tests on pressure distribution at the DDBs boundaries were curried out to insure 

there is no negative pressures is developed that cause cavitation. In these tests, thirty six test runs 

were accomplished by using six types of blocks with the same size but differ in apex angle. 

Results of these test showed no negative pressures developed at the boundaries of these blocks. 

A physical model for a part of Mandili Dam spillway system was constructed with a scale ratio 

of 1:50. Thirteen runs were carried out to obtain the rating curve of the ogee weir of Mandili 

Dam Model. Four hundred and seventy test runs were carried out to investigate the performance 

of the DDBs in reducing the energy of the flow. In these test runs, nine types of blocks with 

different sizes and different apex angles installed with different configurations on the spillway 

surface. Thirteen configurations of DDBs were tested. The Froude Number and the location of 

the hydraulic jump were used as indicators for the efficiency of these DDBs. Results indicated 

that when using the DDBs on a spillway surface, less Froude Number downstream the spillway 

is obtained and the hydraulic jump occurs at a much shorter distance from the spillway toe 

compared to same spillway without DDBs. Depending on the DDBs type, configuration, and the 

applied discharge, the obtained reduction in Froude Number varied between 4.4 to 19.3% and the 

reduction in the hydraulic jump distance measured from the spillway toe varied between 54% 

and 76% compared with that of the standard design of Mandili Dam.   

  

Key words: energy dissipation, ogee spillway, stilting basin. 

  

 لاتجاهاباستخذام كتل تغٍٍر  وجًنوع امطافح العلى لطاقة اتبذٌذ 
 

 اسعذ نعمة عبذ دروٌش                  رٌاض زهٍر السبٍذي                       خضر ابراهٍن خضر       د. 

 يغبػذ سئٍظ يُٓذعٍٍ    اعزبر يغبػذ                            اعزبر                                                

 انٍٓئخ انؼبيخ نًشبسٌغ انشي ٔالاعزصلاذ   كهٍخ دخهخ اندبيؼخ                            خبيؼخ ثغذاد        -كهٍخ انُٓذعخ         

 

 الخلاصة

فً  ػهى عطر يطفر يبئً َٕع أخً زخجيثكفبءح اعزخذاو كزم رغٍٍش إلإردبِ اداء ٔنذساعخ انى اخزجبس اْذفذ ْزِ 

يٍ ْزِ أنكزم يصُؼخ يٍ انخشت  ًَٕرخبرى اخزجبس خًغخ ػشش   فٕق انسشج.بٌ دشٌراد انرقهٍم رؼدٍم ٔرشزٍذ طبقخ انًٍبِ 

 رٕصٌغ انضغٕط ػهى خٕاَت ْزِ أنكزم لاخزجبس فًٍب ارا كبٌ ُْبنك ضغٕط عبنجخ اخزجش. ٔثبزدبو يخزهفخ خل يثهثبشكاراد 

اخشي عزخ ٔثلاثٌٕ اخزجبسا ثزصبسٌف يخزهفخ ٔثبعزخذاو عزخ إَٔاع يٍ كزم   ًٌكٍ أٌ رؤدي إنى زذٔس ظبْشح انزكٓف. يزٕنذح

ػهى خٕاَت  خط عبنجٕضغ رٕنذػذو  ادألاخزجبس َِزبئح ْزثٍُذ رغٍٍش ألاردبِ راد زدى ثبثذ ٔرخزهف ثًقذاس أنضأٌخ أنشاعٍخ. 

 ٔزذدد ػلاقخفً قُبح يخزجشٌّ  ٔثجذ 1:05نهزصًٍى الأعبعً نغذ يُذنً ٔثًقٍبط  فٍضٌبئًج رًَٕ اَشئ . ْزِ انكزم

نزسذٌذ اداء اخزجبسا أسثؼًبئخ ٔعجؼٍٍ اخشي  . ثلاثخ ػشش اخزجبسا ػهى اعبط َزبئحثًُغٕة انًبء فٕق انٓذاس نزصبسٌف انًبسح ا

mailto:khedher.ibrahim@duc.edu.iq
mailto:azzubaidi@hotmail.co.uk
mailto:jakbn@yahoo.com
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نًغٍم ثبعزخذاو رغؼخ إَٔاع يٍ أنكزم ثأزدبو ٔصٔاٌب سأعٍخ يخزهفخ ٔرى رٕصٌؼٓب ٔ رثجٍزٓب ػهى عطر أكزم رغٍٍش اردبِ اندشٌبٌ 

ٔيقذسا ثؼذ يغبفخ رٕنذ انقفضح انٍٓذسٔنٍكٍخ ػٍ اعفم انًطفر  انًطفر يؤخشسقى فشٔد  .  اػزًذيخزهفخ اًَبطأنًبئً ثزغؼخ 

نًخزجشٌخ كفبءح ْزِ أنكزم فً رقهٍم سقى فشٔد نهدشٌبٌ أعفم أنًغٍم ا كًؤششاد نزسذٌذ كفبئخ الاداء.  ثٍُذ َزبئح الاخزجبساد

سقى فشٔد انزقهٍم فً  َغجخفبٌ اػزًبدا ػهى َٕع انكزم ٔطشٌقخ رٕصٌؼٓب ػهى عطر انًطفر  أنزغكٍٍ.رقهٍم طٕل زٕض ٔأنًبئً 

% يقبسَخ ثبنزصًٍى الاعبط نًُظٕيخ 67ٔ 15ثٍٍ رشأزذ % ٔنًغبفخ رٕنذ انقفضح انٍٓذسٔنٍكٍخ 1..5ٔ  5.1ثٍٍ رشأزذ 

 يطفر عذ يُذنً. 

 

1. INTRODUCTION 

High kinetic energy of water flowing over a spillway should be dissipated in stilling 

basins before reaching the downstream channel to eliminate scour of downstream river bed. 

Different common designs of stilling basins are available. These basins are usually equipped by a 

combination of chute blocks, baffle blocks, and end sills. Spillway surface was used to dissipate 

the energy in the ancient past by constructing a stepped spillway. This study attempts to make 

use of the ogee spillway surface by fixing energy dissipaters on it to reduce the acceleration and 

energy of the flow over a spillway. A new type of blocks was used as energy dissipaters that are 

known by direction diverting blocks, DDBs, Fig. 1. These blocks have a triangular shape with a 

different apex angle. The direction of incoming flow over the spillway of high kinetic energy is 

diverted by triangular shape DDBs to both sides. The diverted flow of two adjacent blocks 

having an opposite velocity component across the flow direction will meet at a point downstream 

the blocks. If more than one row of DDBs were used on the spillway surface, then the diverted 

flow from the previous row hits the side of the blocks at the next row. This causes a reduction in 

the acceleration of the incoming flow along the spillway and a high turbulence increases the 

energy dissipation. This study attempts to evaluate the hydraulic performance and efficiency of 

using DDBs in reducing dissipating the energy downstream ogee spillways. 

 

2. PHYSICAL MODELS OF THE DDBS AND THE SPILLWAY  
Fifteen type of triangular shape DDB models were used with different shapes and sizes. 

The main details of these blocks models are shown in Fig. 2 and their dimensions are presented 

in Table 1. These models were made from wood and coated with varnish to protect them from 

damage by water. The DDBs were fixed by using special glue. The first six of these blocks were 

used for pressure distribution tests, and the last nine were used for energy dissipation tests.   

To make comparisons between the energy dissipation with and without using DDBs, the 

system of Mandili Dam Spillway was selected to be modeled. Mandili Dam has the following 

characteristics, General Directorate for Dams and Reservoirs, 2006: 

 Dam Height: 14m. 

 Dam length = 1150m. 

 Dam crest level =184m.a.m.s.l. 

 Maximum water level=182.5m. 

 Maximum Discharge =1724m
3
/s. 

 Spillway length =250m. 

 Maximum head over spillway=2.5m. 

 Maximum design discharge is 1724m
3
/s 

 Spillway crest elevation=180 m.a.m.s.l. 

Mandili spillway was designed as an uncontrolled ogee weir. Its stilling basin floor level 

was set to 165m.a.m.s.l with a length of 21.5m. Chute blocks and dentated sills were provided in 

the stilling basin. The chute blocks have a width of 0.5m and height of 0.5m; the dentate sill has 

a height of 1m, a top width of 0.1m, distance between teeth is 0.75m, and an out slope of 2:1. A 
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slopping hump was located at the end of the stilling basin at an elevation 169.00m.a.m.s.l. This 

hump is of 7m in length with an inclination of 1.5V:5H.   

The hydraulic model of Mandili Dam Spillway system was constructed with a scale of 

1:50. Based on the Laboratory channel width of 30cm, a part of the weir of 15m was modeled 

and tested. Fig. 3 shows the longitudinal section in the physical model of Mandili Dam Spillway. 

The spillway model was constructed from wood, and was coated with plies of varnish. 

 

3. CONFIGURATIONS OF THE DDBS 

Laboratory tests were carried out to investigate any development of negative pressures at 

the boundary of the DDBS and the efficiency of these blocks in dissipation of the flow energy.  

In negative pressures investigation tests, DDBs were fixed in one row perpendicular to the flow 

direction of a flume of 30cm in width. Six types of DDBs, blocks of type 1, 2, 3, 4, 5, and 6, 

were used in these tests. The blocks were fixed on a wooden plate installed in the flume with a 

longitudinal slope of 1:30 in the direction of the flow. Eight piezometers were installed with their 

openings are located at the base of the blocks as shown in Fig. 4.   

The energy dissipation tests were carried out with DDBs of type 7, 8, 9, 10, 11, 12, 13, 

14, and 15, arranged in thirteen different configurations that are shown in Figs. 5 to 13. In these 

configurations, blocks were used in one or multi rows on the spillway surface with varying 

distances between the blocks and rows, with and without a stilling basin. In addition, these tests 

were carried with a modified length of the stilling basin of Mandili Dam Spillway or without a 

stilling basin. Tables 2 and 3 present the details of these thirteen configuration and the types of 

DDBs used in each configuration, respectively. 

 

4. RESULTS AND DISCUSSION 

The piezometers readings were recorded in each pressure investigation test when using 

the six types of DDBs and discharges varied between of 2.5 and 8.8l/s. Fig. 14 shows the 

variation of pressure head readings of the piezometers with discharge for each type of DDBs. At 

the upper limit of the applied discharge of 8.8l/s, the maximum value of pressure head varied 

between 4.2 and 4.6cm that was obtained when using DDB of type 6 and the minimum value of 

pressure head varied between 3.4 and 3.7cm that was obtained when using DDBs of types 1 and 

2. At the lower limit of the applied discharge of 2.5l/s, the maximum value of pressure head 

varied between 1.5 and 3cm that was obtained when DDB type 6 was used, and the the minimum 

value of pressure head ranged between 1 and 1.7cm that was obtained DDB types 1 was used. It 

was found that the measured pressures at these eight points were positive for all the range of the 

used discharges and for all block types. 

The rating curve of Mandili Dam Weir model was obtained and was used to obtain the 

discharge during other the tests. Fig. 15 shows a comparison between the obtained rating curve 

in this research, design, the rating curve of the hydraulic model of  Mandili Dam, Rafidain State 

Company for Dams Construction, 2008,  and that obtained according to Chow’s charts, Chow, 

1959. Discharges reading using the obtained rating curve are higher than other rating curves. 

This may be referred to the accuracy working in lab conditions and to high smoothness of model 

surface.  

To show the effectiveness of the DDBs in dissipation of energy, the energy dissipation in 

the standard design of Mandili Dam was investigated then the DDBs of type 1 to 12 were 

installed at its spillway with configurations Number 1, 2, and 3. In these tests, the applied 

discharges varied between 200 and 1725m³/s (0.68 and 6l/s in the model) and in each test, the 

flow depths at 20cm upstream the weir model and at a distance of 100cm downstream of the 

spillway toe were measured to obtain the discharge and the Froude Number.  
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It is logical to adopt the downstream Froude Number as the dimensionless parameter as a 

criterion in assessing the hydraulic performance of stilling basins, Eloubaidy et al., 1998. The 

occurrence of the hydraulic jump, as well as the sequent depth ratio and the dimensionless 

energy loss, are functions of the approach Froude Number, Sturm, 2001. 

Figs. 16 to 18 show the variation of the Froude Number with discharge obtained 

downstream the standard design of Mandili Dam when carrying out the investigation tests by 

using blocks type 7 to 12 and configuration 1, 2, and 3. Table 4 summarizes the obtained 

extreme values of the Froude Number during these tests. The maximum value of Froude Number 

was 0.86 which was recorded at the maximum design discharge of 1724m³/s with configuration 

number 1 and DDBs of type 7. This value of Froude Number is less by 10.4% than that obtained 

without using DDBs. At this design discharge, the minimum value of Froude Number was 0.77 

which was recorded when using DDBs of type 9 and configuration number 2. This obtained 

value of Froude Number is less by 19.3% than that obtained without using and DDBs. For the 

applied minimum discharge of 200 m³/s, the maximum value of Froude Number was 

approximately the same for all configurations with all type of blocks, it was about 0.68 and is the 

same when no DDBs were used. For the same discharge of 200m³/s, the minimum value of 

Froude Number varied between 0.63-0.65 for all configurations with all blocks types, with a 

reduction of 7.4-4.4% than that obtained when no DDBs were used. Froude Number value for 

configuration number 3 was less than the Froude Number with configurations number 1 and 2. 

This indicates that the Froude Number decreases by increasing the number of blocks, number of 

blocks rows, and as the block apex angle decreases.  

As a conclusion from results mentioned above, as the Froude Number is reduced when 

using the DDBs, the flowing water will reach the stilling basin with less kinetic energy. 

Accordingly, shorter stilling basin can be used at the downstream of the spillway. Modification 

was made by reducing the length of the stilling basin of the standard design of Mandili Dam and 

then effectiveness of the DDBs in dissipating energy was tested. The length of the stilling basin 

was reduced to half and one fourth the length of the stilling basin of the standard design of 

Mandili Dam. Tests runs were carried out with configurations number 4, 5, 6, 7, 8, and 9. Tests 

runs with configurations number 4, 5, and 6 were carried out with half the length of the stilling 

basin of the standard design of Mandili Dam. While, configurations number 7, 8 and 9 have one 

fourth of the length. Three types of DDBs with small apex angles were selected and used in these 

tests. DDBs type13 were tested with configurations number 4 and 7, blocks type 14 were tested 

with configurations number 5 and 8, and blocks type 15 were tested with configurations number 

6 and 9. Figs. 19 and 20 show the variation of the Froude Number with discharge for all 

configurations with the modified design of the stilling basin of Mandili Dam and the extreme 

values of the Froude Number are summarizes in Table 5. At the maximum design discharge of 

1724m³/s, the maximum value of Froude Number was 0.91 which was obtained with 

configuration number 8. It is 5.2% less than that obtained with standard design of Mandili Dam. 

At the same discharge, the minimum Froude Number of 0.86 was obtained with configurations 

number 5 and 6 with a reduction of 10.4% compared with standard design. At the minimum 

applied discharge of 200m³/s, the maximum value of Froude Number was about 0.68 in 

configurations number 4 and 7, which is the same as in the standard design of Mandili Dam. For 

the same discharge, the minimum value of Froude Number was the same value of about 0.63 for 

configurations number 5, 6, and 8, with a reduction of 7.4% compared with standard design of 

Mandili Dam. In general, the Froude Number values for configurations with a half stilling basin 

were less than with one fourth length stilling basin. Also, the Froude Number values with these 

configurations were less than that obtained with standard design of Mandili Dam in all tests 

within the range of applied discharges. 
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Based on the above discussion the length of the stilling basin of the standard design of 

Mandili Dam can be reduced when using the DDBs, without effecting the energy loss and 

Froude Number values. To investigate the effects of using the DDBs on the Froude Number, and 

the location of the hydraulic jump, any other energy dissipaters were eliminated, ie. the stilling 

basin was removed. Experimental runs were carried out on configurations number 10, 11, 12 and 

13. Fig. 21 and 22 show the variation of Froude Number and the distance of hydraulic jump with 

discharge with configurations number 10, 11, 12, and 13. Table 6 summarizes the Froude 

Number and the hydraulic jump distance from the toe of the spillway that were obtained at 

extreme discharges. the Froude Number values with configuration number 10 vary with a steep 

slope between discharge values of  about 650m
3
/s and 900m

3
/s and the flow was supercritical 

over a discharge of  750m
3
/s. With configurations number 11, 12, and 13, the flow was sub 

critical with Froude Number less than unity. Under these configurations the flow has 

approximately the same Froude Number values for all the range of discharge.  At the minimum 

applied discharge of 200m³/s, the free hydraulic jump was obtained with configuration number 

10 at a distance of 5m from the spillway toe with a Froude Number of 0.36. While, a submerged 

hydraulic jump occurred at the toe of the spillway for configurations number 11, 12, and 13, with 

a Froude Number varies between 0.17 and 0.18, depending on the block type. The Froude 

Number reduction in configurations number 11, 12, and 13 is about 49% to 52% compared with 

configuration number 10. At the maximum applied discharge of 1724m³/s, the free hydraulic 

jump for configuration number 10 was at a distance of 105m from toe of the spillway and a high 

Froude Number of 4.21. The minimum Froude Number of 0.51 was recorded with configuration 

number 13, with a reduction of 700% compared with configuration number 10. The maximum 

value of Froude Number was 0.54 recorded with configuration number 11, with a reduction of 

660% than configuration number 10. The hydraulic jump distance from the spillway toe was 

about 48m, 40.5m, and 25m for configurations number 11, 12, and 13, respectively. Compared 

with configuration number 10, the reduction in the hydraulic jump distance from the spillway toe 

was 54%, 61%, and 76% for configurations number 11, 12, and 13, respectively, which indicates 

that the hydraulic jump in test runs with configuration number 13 have the shortest distance from 

the spillway toe compared to configurations number 10, 11, 12, for all the applied range of 

discharge. This indicates that increasing the number of blocks rows leads to more dissipation of 

the energy of the flow. 

 

5. CONCLUSIONS  

The results of the laboratory investigation test runs that were carried in this study indicated 

that the DDBs fixed on the surface of an ogee slipway can be used effectively to reduce the 

energy of the flow downstream the spillway and  accordingly, shorter stilling basin can be used. 

More energy is dissipated when increasing the number of blocks, number of blocks rows, and as 

the block apex angle decreases.  
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Figure 1. A schematic diagram showing a top view of the DDBs on an ogee spillway surface. 

 

 
Figure 2. Details of the triangular shape DDBs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Longitudinal section in the physical model of Mandili Dam Spillway. 
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a- Side view  

 

 

 

 

 

 

 

 

 

 

 

b- Top view 

 

Figure 4.Schematic diagram showing the configuration of the pressure tests. 
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Figure 5. Configurations number 1 and 2. Figure 6. Configurations number 3. 

  



      Journal of Engineering         Volume    22   March  2016  Number 3 
 

 

84 

• .

.

2.3cm 2cm 1cm

2cm

Flow direction
30cm

20cm

20cm

DDBs

8cm 10cm

Chute blocks

End sill

X

X=21cm for configuration number 4

X=10cm for configuration number 7

b- Side view

a- Top view

29.5cm

 

• .

.

2.3cm2cm 1cm

2cm

Flow direction

30cm

15cm

20cmDDBs

8cm 10cm
Chute blocks

End sill

X

X=21cm for configuration number  5

X=10cm for configuration number  8

b- Side view

a- Top view

 
Figure 7. Configurations number 4 and 7. Figure 8. Configurations number 5 and 8. 
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Figure 9. Configurations number 6 and 9. Figure 10. Configuration number 10. 
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Figure 11. Configuration number 11. Figure 12. Configuration number 12. 
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Figure 13. Configuration number 13. 
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a- discharge = 8.8l/s. b- discharge= 7.6l/s. 

  
c- discharge= 6.3l/s. d- discharge= 5.1l/s. 

  
e- discharge= 3.8l/s. f- discharge= 2.5l/s. 

 

Figure 14. Variation of pressure heads with the applied discharges for each type of blocks. 

 

 
Figure 15. The rating curve of Mandili Dam Weir. 
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Figure 16. Variation of the Froude Number 

with the applied discharges for configuration 

number 1. 

Figure 17. Variation of the Froude Number the 

applied discharges for configuration number 2. 

 

 
Figure 18. Variation of the Froude Number with the applied discharges configuration number 3 

 

  

Figure 19. Variation of the Froude Number 

with the applied discharges, half the length of 

the stilling basin. 

Figure 20. Variation of the Froude Number 

with the applied discharges, one fourth the 

length of the stilling basin. 
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Figure 21. Variation of Froude Number with 

the applied discharges, no stilling basin.  

Figure 22. Variation of the distance of 

hydraulic jump with the applied discharges, 

no stilling basin. 

 

Table 1. Dimensions of the used DDBs models. 

Type of 

DDBs  

DDBs dimensions 

Width 

cm 
Height 

cm 
Apex angle 

degree 
Top length 

cm 

1 5 3.9 30 9.3 
2 5 3.9 45 6 
3 5 3.9 60 4.3 
4 5 3.9 90 2.5 
5 5 3.9 120 1.4 
6 5 3.9 180 5 
7 1.5 1.5 20 4.25 
8 1.5 1.5 30 2.8 
9 1.5 1.5 45 1.8 

10 1.5 1.5 60 1.3 
11 1.5 1.5 90 0.75 
12 1.5 1.5 180 1.5 
13 2 2 15 7.6 
14 2 2 20 5.7 
15 2 2 30 3.7 

 

Table 2. Details of the configurations used for the energy dissipation test. 

 
Configuration Number 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Number of rows 1 1 2 2 3 4 2 3 4 - 4 5 7 

Spacing between blocks, cm 1.5 1.5 4.5 2.3  

- 

2.3 

Distance of 1
st
 row from weir toe, cm 20 25 20.5 20 15 20 15 - 0 

Distance of 2
nd 

row from weir toe, cm - - 25 29.

5 

- 29.5   

- 

- 

spacing between rows for more than 

two rows, cm 
- - Variable

*
 2 

 

- 
2 

Number of blocks in each row 10 10 5 7 - 7 

Length of stilling basin, cm 42 21 10 No stilling 

basin *depends on the block dimensions. 
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Table 3. The types of DDBs that were used in each configuration. 

 
Configuration Number 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Type of blocks 7, 8, 9, 10, 11, 12 13 14 15 13 14 15 Without blocks 13 14 15 

 

Table 4. The extreme values of the Froude Number, standard design of Mandili Dam  Spillway. 

  
Discharge  

m³/s 

Froude Number 

Max. Min. 

Configuration number  1 
200 

0.68, with block type 

8,10, and 12 
0.65, with blocks type 9 

1724 0.86, with blocks type 7 0.79, with blocks type12 

Configuration number 2 
200 

0.68, with blocks types 8, 

and 9. 
0.64, with blocks type 12 

1724 0.825, with blocks type 7 0.77, with blocks type 9 

Configuration number 3 
200 0.67, with blocks type 9 0.64, with blocks type12 

1724 0.85, with blocks type10 0.78, with blocks type11 

 

Table 5. The extreme values of the Froude Number, modified design of Mandili Dam  Spillway. 

  
Discharge 

m³/s 

Froude Number 

Max. Min. 

Configuration number 4, 

5, and 6. 

200 
0.68, configuration 

number 4 

0.63, configuration number 5 

and 6 

1724 
0.87, configuration 

number 4 

0.86, configuration number 

5and 6 

Configuration number 7, 

8, and 9. 

 

200 
0.68, configuration 

number 7 
0.63, configuration number 8 

1724 
0.91, configuration 

number 8 
0.88, configuration number 7 

 

Table 6. The extreme values Froude Number and the distance of the hydraulic jump, no stilling 

basin. 

Configuration number 
Discharge 

 m³/s 
Froude Number 

distance of hydraulic jump  

 m 

10 
200 0.36 5 

1724 4.21 105 

11 
200 0.18 0 

1724 0.54 48 

12 
200 0.18 0 

1724 0.53 40.5 

13 
200 0.17 0 

1724 0.51 25 
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                                                             ABSTRACT 

Since the beginning of the last century, the competition for water resources has 

intensified dramatically, especially between countries that have no agreements in place for water 

resources that they share. Such is the situation with the Euphrates River which flows through 

three countries (Turkey, Syria, and Iraq) and represents the main water resource for these 

countries. Therefore, the comprehensive hydrologic investigation needed to derive optimal 

operations requires reliable forecasts. This study aims to analysis and create a forecasting model 

for data generation from Turkey perspective by using the recorded inflow data of Ataturk 

reservoir for the period (Oct. 1961 - Sep. 2009). Based on 49 years of real inflow data from the 

Euphrates River recorded at Ataturk, a spilt-sample approach was adopted for testing 

homogeneity. The  autoregressive model of order one [AR(1)] was found to be the best for the 

forecasting as it accurately reproduced the means, standard deviations, and skewness coefficients 

observed in the generated records forecast at the Ataturk reservoir. Ten sets of 100 years data 

have been forecasted.  

In Iraq, optimization of the operation of all reservoirs is necessary after operating new 

reservoirs in Turkey.  

 

Keywords: Time series, Reservoir operation, Euphrates River, Ataturk Dam, and Forecasting. 

 

تاتركأ تحليل معلومات الجريان الذاخل الى خسان  

 

     زينة سامي سعيذ م.م.                                                                  حمذ عبذ الصاحب محمذ عليأأ.د.

 لسُ ٕ٘رست اٌّٛاشذ اٌّبئٍت                                                                      لسُ ٕ٘رست اٌّٛاشذ اٌّبئٍت      

 جبِعت بغراذ /وٍٍت إٌٙرست                                              جبِعت بغراذ                          /وٍٍت إٌٙرست    

 

 : الخلاصة

 

ضذاذ اٌصصاع عٍى اٌّٛاشذ اٌّبئٍت , ٚخبصت بٍٓ اٌرٚي اٌّخشبطئت ٌعرَ ٚجٛذ احفبلٍبث بٍُٕٙ, اٌّبضً ااٌمصْ  براٌتِٕس 

اٌّصرش اٌصئٍسً ٌٍٍّبٖ ٌخٍه اٌرٚي, وّب ٘ٛ اٌحبي ِع ٔٙص اٌفصاث اٌسي ٌجصي بثلاد ذٚي )حصوٍب , سٛشٌب , اٌعصاق(, ٌّٚثً 

 .ٌخٍه اٌّشبشٌع ذاشة اٌّثٍىالآِ أجً  ٌّشبشٌع اٌّٛاشذ اٌّبئٍت ببٌّخغٍصاث اٌٍٙرشٌٚٛجٍت اٌخىٌٙٓساٌه أصبح ِٓ اٌضصٚشي 

زٌاه ٚ ٙات إٌراص اٌخصوٍات,جِآ ٚٚاٌاخىٙٓ بٙاب  اٌرشاست ٘ٛ ححًٍٍ بٍبٔبث اٌخرفك اٌراخٍت ٌسر أحابحصن  ٖاْ اٌٙرف ِٓ ٘س

ٌٚغبٌات  1961ٌٍفخاصة ِآ حشاصٌٓ الاٚي  ِبئٍات سإت 49 لايسار أحابحصن خاعٕار  ص اٌفاصاثٌٕٙا ٖعخّبذا عٍى اٌخصبشٌف اٌّصصٛذا

وً ِٓ اٌّعري   ٔٙب أٔخجج لٍُلا ّجبيفضً فً ٘سا اٌر الأعٌ Autoregressive (AR(1))ٚجر ببْ ّٔٛزج  . حٍذ2009اٌٍٛي 

َ ٘اسا اساخدرحاُ ا ٍٍاٗعٚ.ٚالأحصاف اٌّعٍبشي ِٚعبًِ الاٌخٛاء ٌٍبٍبٔابث اٌّصصاٛذة ٔفساٙب اٚ لصٌبات جارا ِٕٙاب ٌٍبٍبٔابث اٌصإٍعت 

 عبَ ٌىً ِٕٙب. 100ٌٚفخصة أحبحصن إٌّٛزج ٌٍخٕبؤ بعشص سلاسً ِٓ اٌخصبشٌف اٌصٍٕعت اٌراخٍت ٌدطاْ سر 

 صت بعر حشغًٍ حصوٍب ٌدطأبحٙب اٌجرٌرة .اْ اٌخشغًٍ الاِثً ٌىً اٌدطأبث فً اٌعصاق ضصٚشي جرا ٚخب  

 

 الكلمات الرئيسية :

  ٓ , حشغًٍ اٌدطأبث , ٔٙص اٌفصاث , سر احبحصن , اٌخىٙٓ ببٌبٍبٔبث.اٌبٍبٔبث اٌّخسٍسٍت ِع اٌطِ 
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1. INTRODUCTION 

The Euphrates has its source in eastern Turkey. Euphrates brings water to the 

Mesopotamian lowlands of Iraq as well as hydropower and irrigation to parts of southeastern 

Turkey and much of northern and eastern Syria. It is the longest river (2,700 km) in southwest 

Asia west of the Indus, although its maximum average annual volume (35.9 ˟ 10
9
  m³ at Hit, 

Iraq) is less than that of the Tigris (70.4 ˟ 10
9
  m³  at Baghdad) or the Karun (48.8 ˟ 10

9
  m³ at 

Ahwaz), Cressey, 1958. The Euphrates River enters Iraq border at Hussaiba town. Because its 

waters comes from melting snows, maximum flows are in April and May, while minimum flows 

are in September and October. Many researchers have studied the Euphrates and Tigris rivers 

basins and the Turkish Great Anatolia Project (GAP). Mujumdar and Kumar, 1990 

investigated 10 candidate models from the autoregressive moving average model (ARMA) 

family for representing and forecasting monthly and 10-day stream flow in three Indian rivers. 

Kolars and Mitchell, 1991 introduced a chart for projected sequential depletion of the Euphrates 

River for the period 1990-2040.  

Al-Tikriti, 2001 used single site multivariate autoregressive models, AR(1), to model seven 

parameters of average weekly water quality data and discharges at two stations on the Euphrates 

River (Al-Hindiya and Al-Samawa stations) for the period 1984-1997. 

El-Obaidy, 2006 studied the effect of future Turkish projects on the Tigris River. In order to 

consider the uncertain conditions affecting the future performance of the system, a multisite 

ARMA (1, 1) model was used to generate a monthly time series over 70 years of inflows to 

various reservoir sites on the Tigris River in Turkey. 

 

2. AREA OF STUDY 

The Ataturk Dam, power station, and irrigation project is located near town of Bozova, 

70  km northeast of Urfa and 181 km downstream from Karakaya. It will be the largest dam in 

Turkey, its filled reservoir capacity as well as its embankment volume will make it the fifth-

largest dam in the world, TDN, 1988. Constructed in the 1980s on the Euphrates River in semi-

arid Southeastern Turkey, it forms the central component of a large-scale regional GAP 

development project. The dam and its associated hydroelectric power plant went into service in 

1992 and today plays an important role in the development of Turkey’s energy and agriculture 

sectors, Ozcana et al., 2012. The dam is located at 37 28 54    38  19   3       37.48167    and 

38.3175   E, www.marefa,org> index.php. It is the third dam built on the Euphrates River with 

an active capacity of 19 ˟ 1 
9
 m

3
, within a total capacity of 5  ˟ 1 

9
 m

3
 and installed power of 

2,400 MW. Its height from the river bed is 169 m with a crest length of 1,664 m and a catchment 

area of 92,240 km
2
, Demir et al., 2009.  

 

3.THEORIES 

 

3.1 Hydrologic Time Series 

A hydrologic time series is defined as a continuous set of sequential observations, usually 

expressed as an average value over specified intervals of time such as mean daily, mean 

monthly, or mean annual flows. Hydrologic time series may consist of four components 

depending on the type of variable and the average time interval, Yevjevich , 1972.  In seasonal 

stream flow series four components exist as shown in Eq. (1):- 

 

Q = Je + Te + Pe + Ee                                                                                                        (1) 

where: 

Q    is the time series value (actual data) at period t,  

Je    is the jump component at period t,  

Te   is the trend-cycle component at period t,  

http://www.marefa,org/
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Pe   is the periodic or cyclic component at period t, and  

Ee   is the stochastic (or random) component at period t. 

The first three components represent the deterministic part of the process while the fourth 

component represents the non-deterministic part.  

 

3.1.1 Test and Removal of Non-Homogeneity 

This test is performed to check the homogeneity of the historical data in the stream flow 

series. In order to construct a model of a stream flow that remains valid for the future, the 

hydrologic data series which are used in generating the model should be homogenous. By 

definition, homogeneity requires at least two conditions, Yevjevich, 1972: 

1. The hydrological data series must not contain any systematic error. 

2. All the hydrological conditions should be constant. 

If these conditions are satisfied then the series may be considered homogeneous. These two 

conditions imply that a homogenous series should be free from both trend and jump components; 

therefore, homogeneity is enforced at the beginning of an analysis by detection and removal of 

these components. 

A jump component is defined as a sudden slippage (either negative or positive) in the 

parameters of the historical data, such as in the means or standard deviations of the stream flow 

data. A sudden increase is termed a positive jump, whereas a sudden decrease is termed a 

negative jump. The jump component usually results from human activities; for example; the 

construction of a dam, a reservoir, or an outflow canal upstream of the observation station.  

A trend component is defined as a systematic and continuous change over an entire sample in 

any parameter of the series. A trend can be negative or positive. It may be traced to human 

causes (such as diversions of flow for irrigation), to natural causes (such as climate changes), or 

to methodological causes (such as measurement inconsistencies or other systematic errors). 

To check for the existence of these components, statistical test methods such as the (t-test or 

F-test) may be used to detect significant changes in means or standard deviations of two samples 

at a desired percent probability level of significance. If those tests indicate significant changes, 

an analyst concludes that the two samples are from different populations and a jump and/or trend 

component exists. Trend components may also be detected by regression analysis and described 

mathematically by means of polynomial functions. Yevjevich, 1972 maintains that the most 

powerful method for testing homogeneity is carried out by using the split-sample approach. 

Here, the entire sample is divided into two subsamples, and then means and standard deviations 

for each subsample are calculated. These are then tested to ascertain whether their differences are 

significantly nonzero at a 95% confidence level. 

 

3.2 Analysis and Forecasting of ATATURK Recorded Data 

Tests for homogeneity require that the data sample be divided into two subsamples. The 

recorded inflow data at Ataturk dam from Oct.1961 to Sep.2009 were thus divided into two 

subsamples; the first was 24 years long, spanning Oct.1961 to Sep.1984, while the second was 

25 years long, spanning Oct.1985 to Sep.2009.  

To remove non-homogeneity, Yevjevich, 1972 suggests fitting linear regression equations 

to both annual averages and annual standard deviations according to the following equation: 

 

         Y(j,t) = Sd2 [ X(j,t) – M(j) ] /S(j)  + Av2                                                                                     (2) 

where: 

j,t  = the annual and seasonal positions of observations, respectively, 

Y = transformed series (homogeneous), 

X= historical non-homogeneous series, 
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Av2 , Sd2= the average and standard deviation of the second subsample, respectively, 

M(j) , S(j) = linear regression of annual historical mean and standard deviation 

against years (The equations in the upper right corner in Figs. 1 and 2). 
The trend component of the considered historical data is removed by applying Eq.(3): 

 

                                                               (3) 

 

where: 

       j,t = the annual and seasonal positions of observations, respectively; the constants (813.3 and 

199.1) m³/s are the overall mean and standard deviation of the second subseries, respectively 

over the 25 years Oct.1985- Sep.2009. 

 

The test is now repeated to check the existence of trend component by using [Y(j,t)] as 

the new series for the whole dataset. 

 

3.2.1 Detection and Removal of the Periodic Component  

The correlogram is useful for the detection of the periodic component. If it reflects 

periodicity, that means there is a periodic component in the series, otherwise there is not.  The 

serial correlation coefficients of the flow at Ataturk are calculated for lags (1 to 24), using the 

expression given by Eq.(4). 
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where: 

r(k)  = the lag (k) serial correlation coefficient, 

N = sample size, 

k  = lag in time units, and 

Y(j)  = the homogeneous series value at time t. 

For k=0,  r (k) =1. In practice, k is limited by [N/4]. 

 

The non-parametric method may be used to remove the periodic component from the 

hydrological time series as follows: 

 

   Z(j,t) = (Y(j,t) – Avy(t) ) / Sdy(t)                                                                                                                                                (5) 

 

where:  

   Z(j,t)= the series free from periodic component at year (j) and month (t) 

Y(j,t)= the homogeneous series 

Avy(t) = the sample average of Y(j,t) at month (t) 

       Sdy(t)= the sample standard deviation of Y(j,t)  at month (t). 

 

The resulting series, Z(j,t) is called a stochastic series. The application of Eq.(5) is also 

called standardization as it gives a series [Z(j,t)] with zero mean and unit variance . This series 

contains a dependent part which may be represented by an  autoregressive model ,AR(p), moving 

Y ( j, t) =
Y ( j, t) - 912.595+ 2.8655*(i+ j /12)

810.332 -3.7177*(i+ j /12)
*199.1+ 813.3



Journal of Engineering         Volume    22   March  2016  Number 3 
 

 

 

 

93 

 

average model ,  MA(q), or an  autoregressive moving average model of higher order , ARMA(p, 

q), and an independent part that can only be described by some probability distribution function.  

3.2.2 Data Normalization 
Box and Cox transformation has been used to transform the series by applying Eqs. (6) 

and (7).  

                    

                   Z
*
 = ( Z

λ
 – 1)/λ                when    λ 0                                                                      (6)  

          and   Z
*
 = log(Z)                      when    λ = 0                                                                      (7) 

where (λ) is the transformation coefficient. 

 

The value of the parameter (λ ) is found by choosing random values between (-1 to 1) 

with steps 0.1 and computing the corresponding Cs and Ck values of the transformed series. For 

normally-distributed data, Cs=0 and Ck3.  

 

Where  Cs = coefficient of skewness. 

Ck = coefficient of kurtosis. 

 

3.3 The Univariate Stochastic Model 

The basis of the Box-Jenkins approach for modeling time series consists of three phases: 

identification, estimation and testing, and application. These three basic stages have been 

adopted for univariate model building. The input of this analysis is the stochastic series [Z
*
(j,t)] 

and the output is the independent stochastic component ( p,t). 

 

3.4 Model Identification   

The principal tools of model identification are the behavior of the autocorrelation 

function (ACF) coupled with that of the partial autocorrelation function (PACF).  

Values of ACF that fall outside the 95% confidence level were significantly different from zero 

at the 5% level; the lower and upper limits were found by: 

 

Lower Confidence Limit = 
 

1

296.11
5.0





kNj

kNj
                                                           (8) 

 

Upper Confidence Limit = 
 

1

296.11
5.0





kNj

kNj
                                                              (9) 

Where the value 1.96 is the z-tabulated under the normal curve and Nj is the sample size.  

 

3.5 Autoregressive Model [AR(p)]  

 The general form of this linear model is: 

 

             Ep,t  = ∑p
k=1 ak,t  .  Ep,t-k +      Ϭζ,t .  p,t                                                                            (10) 

 

where:  

 p = the degree of model. 

 Ep,t  = the dependent stochastic component.  
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ζp,t   = the independent stochastic component at year (t) and month (p). 

  ak,t  and Ϭζ,t    the model parameters. 

 

Yevjevich, 1972 suggests a simplified practical method to express the goodness of fit of 

an autoregressive model by the determination coefficients (Di, i=1,2,3,...), which represent the 

percentage of the total variance of (Ep,t) explained by the ith order term of an autoregressive 

equation. The remaining portion of this variance is explained by the (Ϭζ,t , ζp,t) term. The 

criterion used is as follows: the explanatory power of the (i+1)th order term must exceed that of 

the ith order term by at least a chosen threshold D for the higher order model to be favored. 

Said another way, if the difference between the percentage of variance explained by the (i+1)th 

and ith order terms of the model, i.e.,(Di+1 – Di), is less than D , then the model order (p)  

taken equal to (i). D  is usually set at 0.01, i.e., one percent of the total variance of (Ep,t).It is 

expected that the degree of the model (p) will not exceed three; therefore, the determination 

coefficients D1, D2, and D3, are typically the only ones calculated. The equations of Yevjevich, 

1972 used are: 

 

D1= r1
2
 (11) 

D2 =
r1

2
+r2

2
- 2 r1

2 r2

1- r1
2

 (12) 

D3 =
r1

2
+r2

2
+ r3

2
+ 2 r1

3 r3 + 2 r1
2 r2

2
+ 2 r1r2

2 r3 - 2 r1
2 r2 - 4 r1 r2r3 -r1

4
- r2

4
- r1

2 r3
2

1- 2r1
2 - r2

2
+ 2 r1

2 r2

 (13) 

and the order of the model may be found through using the following steps: 

1. if D2 -D1<DD and D3 -D1< 2DD then p=1 

2. if D2 -D1³DD and D3 -D2< DD then p=2 

3. if D2 -D1³DD and D3 -D2> DD then p=3 

 

where r1, r2, and r3 are the serial correlation coefficients for lags 1, 2, and 3, respectively.  

From these results, it can be seen that a first order autoregressive model, AR(1), fits the series, 

since higher degree models do not account for an increase of the explained variance of 1% or 

more over that explained by the first order model. 

3.6  MARKOV Model (Autoregressive Model) [AR(P)] 

This model describes the dependence in a hydrologic stochastic series (Ep,t) by assuming 

that each value (Ep,t ) is the combined effect of previous values plus an independent stochastic 

component ( ζp,t ), which occurs at the same time of occurrence of (Ep,t ) . The independent 

stochastic series (ζp,t ) is a series of random numbers usually with zero mean and unit variance . 

The formulation of this model is given as, Makridakis et al., 1998: 

 

p,tE =
1a p,t-1E +s z p, t  (14) 

Where  
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1a  = 
1,tr  or 

1a  = 
1r    (15) 

s = 1-
1r

2
 (16) 

3.7 Diagnostic Checking 

Diagnostic checking means statistically verifying the adequacy of the formulated model. 

For this checking, the residual series is examined for any lack of randomness. 

The effect of using AR (1) may be tested by finding whether the model satisfactorily 

removes the dependence from the stochastic variables (Ep,t ), i.e., whether the resulting (ζp,t ) can 

be considered independent at a 95% confidence level. The independent stochastic series (ζp,t) is 

found from Eq.(17) with a1=r1=0.63 as follows: 

 

z p, t = (
p,tE -

1a p,t-1E )/ 1-
1

2

a  (17) 

To test the independence of the resulting (ζp,t   ) series, the ACF and PACF of this 

component are computed up to lag (24).  

 

3. 8  Verification of the Model 
To verify the model, 10 new sets of time series were generated. The generation procedure 

for the first order autoregressive model, AR(1), can be regarded as reversing the analysis 

procedure with slight differences, as shown by the following steps: 

 

1. Generate the independent stochastic component (ζj,t) using a pseudo-random number 

generator. 

2. Generate the dependent stochastic component (E(j,t)) using: 

( j,t )E =
1a ( j,t-1)E + 1-

1

2

a z ( j, t ) (18) 

3. Apply the inverse power transformation: 

Y ( j, t) = ( l *E( j, t) +1)1/l
 (19) 

4. Standardize the new series using the monthly mean MY(t) and monthly standard deviation 

SY(t)  at month (t): 

Yt(i,j) = (Y(i,j) – MY(t)) / Sy(t) (20) 

5. Calculate the normalized flow series X(j,t) using: 

X(j,t) = My(t) + Yt(j,t) *  Sy(t) (21) 

 

Where X(j,t) = the generated flow of month (t) and year (j). 

 

Each time series generated covers 50 years. A comparison between the properties of the 

observed data and generated data is presented. 

 

3.9 Generation of the Model 
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The generation procedure for the first order autoregressive model follows the same steps 

(1 to 5) used above in generating the verification models. 

 

4. CALCULATIONS AND  RESULTS   

In creating the forecasting model for data generation, a split-sample approach – the most 

powerful method for testing homogeneity – was adopted. Figs. 1 and 2 show the annual means 

and annual standard deviations of these time-series. The lines crossing the data points in these 

figures represent the averages of the annual means and standard deviations of the series. These 

figures show that there is no jump in the annual flow data; however, the determination 

coefficients reveal a trend component indicating non-homogeneity. Table 1 presents the results 

of this split sample test for the recorded inflow data at the Ataturk dam. The result of testing the 

jump by splitting the data are shown in Figs. 3 and 4, which present the annual mean and 

standard deviations of the split data, showing that a jump component does not exist. The trend 

component of the considered historical data is removed by applying Eq.(3).  

The test is now repeated using [Y(j,t)] as the new series for the whole dataset; the results are 

shown in Figs. 5 and 6 for the annual means and standard deviations, respectively. The 

determination coefficients are very small for linear trends, indicating the absence of a trend 

component. The slopes of the lines representing the linear regression fit are small enough to be 

attributed to sample fluctuations. Therefore, the series may now be considered homogeneous, 

i.e., free of jump and trend components .The results of a split-sample test of the data after 

removing the jump and trend components are shown in Table 2. 

For the detection of the periodic component, the correlogram is useful. By using Eq.(4) the 

serial correlation coefficients of the flow at Ataturk reservoir were calculated for lags (1 to 24). 

The existence of an annual cycle is evident from the occurrence of peaks in the correlogram as 

shown in Fig. 7. The high magnitude of the peak values shows that the deterministic periodic 

components form a dominant part of the structure of monthly flow time series at Ataturk. 

The non-parametric method is used to remove the periodic component from the hydrological 

time series by using Eq.(5). The resulting series, Z(j,t), which is shown in Fig. 8, is called a 

stochastic series. The application of Eq.(5) is also called standardization as it gives a series 

[Z(j,t)] with zero mean and unit variance. 

Transformation has been done to transform the series of Ataturk monthly inflows by 

applying Eqs. (6) and (7). Table 3 shows the value of (λ) at which the series is normally 

distributed together with other parameters. Fig. 9 shows the transformed series (or normalized 

series). As the flow data after removing the periodic component included negative and positive 

values, a value equal to 3 was added to all of the data to make the computation process easier. 

The behavior of the autocorrelation function (ACF) coupled with that of the partial 

autocorrelation function (PACF) are the principal tools of model identification. 

Figs. 10 and 11 illustrate the behavior of the ACF and the PACF of the stochastic 

component (or normalized flow data), [Z*(j,t)]. The lower and upper limits were found by using 

Eqs. (8) and (9). 

From Figs. 10 and 11, it may be concluded that the autoregressive model [AR(1)] shows the 

best fit for this data set, since the ACF shows an exponential decrease and the PACF shows a 

cutoff after the first lag at [ 01,1  ] and [a k, t = 0 for k = 2,3, 4,...]. 

The determination coefficients D1, D2, and D3 which express the fit of an autoregressive 

model were found by using, Yevjevich, 1972 method. The Eqs. used are (11),(12), and (13) with 

three steps to find the order of the model. The results of the application of the equations and 

steps are shown below: 

r1 = 0.63 r2 = 0.41 r3 = 0.37 

D1 = 0.39 D2 = 0.39 D3= 0.41 
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D2 – D1 = 0.0004< 0.01 

D3 – D1 = 0.0179< 0.02 

D3 – D2 = 0.0175 > 0.01 

 
Diagnostic checking means statistically verifying the adequacy of the formulated model. 

For this checking, the residual series is examined for any lack of randomness. The independent 

stochastic series (ζp,t) is found from Eq. (17) with a1=r1=0.63. 

To test the independence of the resulting (ζp,t   ) series, the ACF and PACF of this 

component are computed up to lag (24) as shown in Figs. 12 and 13.  The results show that all 

computed values lie inside the 95% confidence range; therefore, the series can be considered to 

exhibit a white noise term. Hence the diagnostic check on the AR(1)model indicates that it is 

verifiably adequate. 

For the verification of the model, 10 new sets of time series were generated. The generation 

procedure for the first order autoregressive model, AR(1), can be regarded as reversing the 

analysis procedure with slight differences by using the five steps and the Eqs. (18) through (21). 

Each time series generated covers 50 years. A comparison between the properties of the 

observed and generated data is presented in Table 4. It can be seen that the total mean flow and 

total standard deviation in the generated data are the same as those in the observed data. It can 

also be seen that maximum values in the generated flow data are larger than those in the 

observed data, while the minimum values in the generated data are less than those in the 

observed data.  

Fig. 14 shows a comparison between the monthly mean flow of observed and generated 

data. As the two coincide, the conclusion can be made that the AR(1) model is perfectly fitted to 

the observed data. 

The generation procedure for the first order autoregressive model follows the same steps 

(1 to 5) used above in generating the verification models. Ten sets of data were generated for 

stream flow at Ataturk using the autoregressive model AR(1). Each set was 100 years long. The 

properties of the generated monthly stream flow series were compared with those of the observed 

series. 

Table 5 shows the general properties of the generated sequences. The model is capable of 

preserving the general means characteristics of the original series (Av), and standard deviation 

(S.D.).The skewness coefficient (Cs) and the kurtosis coefficient (Ck) are almost preserved.  

Table 6 shows the monthly means of the generated monthly stream flow data series. The 

tabulated results clearly indicate that the AR(1) model preserved with a high degree of accuracy 

the basic statistical characteristics of the recorded data. All the monthly means of the generated 

data pass the (t-test) at the 95% confidence level. Fig. 16 shows that the monthly means of the 

generated and observed data are the same. 

Table 7 and Fig. 17 show the monthly standard deviation of the generated data and 

observed data. 

   

5. CONCLUSIONS 

The negative trend in the historical monthly inflow data may due to natural reasons such as 

dry seasons or to man made reasons such as construction of a new dam  on the river or another 

hydraulic structure . 

From Tables 4 through 7 it can be concluded that the univariate autoregressive model of 

order one [AR (1)] with constant parameters model accurately reproduced the means, standard 

deviations, and skewness coefficients observed in the generated records forecast at Ataturk 

reservoir. 
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6. RECOMONDATIONS 

 Handling of the uncertain behavior of hydrologic variables. Soft computing systems 

like artificial neural networks (ANNs) or fuzzy inference system (FIS) models could 

be applied to the historical inflow data used herein to produce alternative reservoir 

inflow forecasts. The results using those forecasts could then be compared to the 

results of this study. 

 New researches that focus on the operation of Turkish and Syrian future projects 

implementation on Tigris, Euphrates, Greater Zab and Less Zab River will be 

required to determine the future inflow and salinity at Iraqi borders. 

 Optimization of the operation of all reservoirs in Iraq is necessary after operating 

new reservoirs in Turkey. 
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Figure 1. Annual mean flow at Ataturk dam (Oct.1961- Sep.2009), for detecting 

trend component. 

 

 

Figure 2. Annual standard deviations of the recorded inflow at Ataturk dam for 

(Oct.1961- Sep. 2009), for detecting trend component. 
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Table 1. Result of split-sample test of the Ataturk Dam's monthly recorded inflow 

(Oct.1961- Sep.2009). 

 

Statistical Parameters 
Annual 

Average 

(m³/s) 

Annual 

standard 

deviation 

(m³/s) 

            

(Oct.1961-

Sep.1984) 

Number of years 24 24 
Average (m³/s) 870 764 

Standard deviation (m³/s) 213 217 

            

(Oct.1985-

Sep.2009) 

Number of years 25 25 
Average (m³/s) 813 672 

Standard deviation (m³/s) 192 199 

 t-calculate 0.975 1.546 

 t-table at 5% significance level 2.013 2.013 

 F- calculate 1.229 1.187 

 F-table at 5% significance level 2.014 2.003 

 Jump component (t-test) Not exist Not exist 

 Jump component (F- test) Not exist Not exist 

 

 

 

 
 

Figure 3.Annual means inflow at the Ataturk Dam (Oct.1961- Sep.2009). 
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Figure 4. Annual standard deviation of the monthly recorded inflow at Ataturk Dam 

(Oct.1961- Sep.2009). 

 

Table 2. Result of split-sample test of Ataturk dam's monthly recorded inflow after 

removing trend component. 

 Statistical Parameters 
Annual 

Average 

(m³/s) 

Annual 

standard 

deviation 

(m³/s) 

            

(Oct.1961-

Sep.1984) 

Number of years 24 24 

Average (m³/s) 812 200 

Standard deviation (m³/s) 54 56 

            

(Oct.1985-

Sep.2009) 

Number of years 25 25 

Average (m³/s) 816 199 

Standard deviation(m³/s)  55 58 

 t-calculate 0.240 0.012 

 t-table at 5% significance level 2.013 2.013 

 F- calculate 1.041 1.070 

 F-table at 5% significance level 2.014 2.003 

 Jump component (t - test) Not exist Not exist 

 Jump component (F- test) Not exist Not exist 
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Figure 5 . Annual mean of recorded inflow at Ataturk Dam for  Oct.1961- Sep.2009 after 

removing the trend component. 

 

 

 

Figure 6 . Annual flow standard deviations of recorded inflow at the Ataturk Dam for 

Oct.1961- Sep.2009 after removing the trend component. 
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Figure 7. Serial correlation for Ataturk Dam's time series for monthly data after 

removing jump and trend components. 

 

 

 

 

Figure  8. Ataturk correlogram for the mean monthly flow data after removing periodic 

component. 
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Table 3. Values of the statistical parameters of the recorded data and transformed data 

series. 

Series λ Av. S.D. Cs Ck 

Recorded data - 814 206 1.66 5.24 

Transformed data 0.28 1.23 0.44 0.01 3.93 

 

Figure 9. Annual mean flow at the Ataturk Dam after normalization. 

 

 

Figure 10. The Autocorrelation Function of monthly recorded inflow at the Ataturk Dam after 

normalization. 
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Figure 11. The Partial Autocorrelation Function of monthly recorded inflow of Ataturk 

Dam after normalization. 

 

Figure 12. Autocorrelation Function of Ataturk dam for the independent stochastic component 

obtained by AR(1) model. 
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Figure 13. Partial Autocorrelation Function of Ataturk dam for the independent 

stochastic component obtained by AR(1) model 

 

Table 4. Comparison between the general properties of the observed data and the generated data 

by AR(1) model for verification. 

Series Set Meanm³/s 
S.D. 

m³/s 
Cs Ck 

Max. 
m³/s 

Min. 
m³/s 

Observed --- 813.61 205.58 1.66 5.24 1621.56 637.88 

Generated 1 813.61 205.59 1.77 6.16 1766.82 620.12 

Generated 2 813.61 205.59 1.78 6.26 1784.71 615.57 

Generated 3 813.61 205.59 1.79 6.27 1844.67 608.82 

Generated 4 813.61 205.59 1.78 6.09 1761.47 626.54 

Generated 5 813.61 205.59 1.81 6.64 1954.09 603.88 

Generated 6 813.61 205.59 1.71 5.69 1688.39 604.54 

Generated 7 813.61 205.59 1.86 7.03 2030.68 633.04 

Generated 8 813.61 205.59 1.83 6.65 1891.71 604.57 

Generated 9 813.61 205.59 1.80 6.32 1806.60 613.84 

Generated 10 813.61 205.59 1.95 8.01 2109.59 616.23 
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Figure 14. Comparison between the monthly averages of the observed data and the data 

generated by AR (1) model for verification 

 

 

Figure 15. Comparison between the monthly standard deviations of observed 

and generated data by model AR (1) for verification. 
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Table 5. Comparison between the general properties of the observed data and the 

generated data by AR(1) model. 

Series Set Meanm³/s S.D.m³/s Cs Ck 
Max. 
m³/s 

Min. 
m³/s 

Observed --- 813.62 205.58 1.66 5.24 1621.56 637.88 

Generated 1 813.62 205.75 1.86 6.82 2017.45 615.12 

Generated 2 813.62 205.75 1.89 7.26 2029.42 614.70 

Generated 3 813.62 205.75 1.83 6.64 1912.29 612.04 

Generated 4 813.62 205.75 1.82 6.55 1935.01 613.31 

Generated 5 813.62 205.75 1.81 6.42 1816.65 614.63 

Generated 6 813.62 205.75 1.80 6.45 1881.28 605.78 

Generated 7 813.62 205.75 1.85 6.88 1993.83 623.58 

Generated 8 813.62 205.75 1.78 6.23 1845.81 601.33 

Generated 9 813.62 205.75 1.75 5.93 1767.78 619.12 

Generated 10 813.62 205.75 1.83 6.77 2051.41 611.11 

 

 

Figure 16. Comparison between the monthly averages of the observed data and the 

data generated by AR(1) model. 
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Table 6. Comparison between the monthly averages of the observed data and the 

data generated by AR(1) model (m³/s). 

Series Oct Nov Dec Jan .Feb Mar Apr May Jun Jul Aug Sep 

Obse. 661.75 724.86 762.52 758.64 765.31 870.79 1207.67 1166.83 832.92 694.42 662.98 654.66 

Gen.1 661.75 724.86 762.52 758.64 765.31 870.79 1207.67 1166.83 832.92 694.42 662.98 654.66 

Gen.2 661.75 724.86 762.52 758.64 765.31 870.79 1207.67 1166.83 832.92 694.42 662.98 654.66 

Gen.3 661.75 724.86 762.52 758.64 765.31 870.79 1207.67 1166.83 832.92 694.42 662.98 654.66 

Gen.4 661.75 724.86 762.52 758.64 765.31 870.79 1207.67 1166.83 832.92 694.42 662.98 654.66 

Gen.5 661.75 724.86 762.52 758.64 765.31 870.79 1207.67 1166.83 832.92 694.42 662.98 654.66 

Gen.6 661.75 724.86 762.52 758.64 765.31 870.79 1207.67 1166.83 832.92 694.42 662.98 654.66 

Gen.7 661.75 724.86 762.52 758.64 765.31 870.79 1207.67 1166.83 832.92 694.42 662.98 654.66 

Gen.8 661.75 724.86 762.52 758.64 765.31 870.79 1207.67 1166.83 832.92 694.42 662.98 654.66 

Gen.9 661.75 724.86 762.52 758.64 765.31 870.79 1207.67 1166.83 832.92 694.42 662.98 654.66 

Gen.10 661.75 724.86 762.52 758.64 765.31 870.79 1207.67 1166.83 832.92 694.42 662.98 654.66 

Table 7. Comparison between the monthly standard deviations of the observed data 

and the data generated by AR(1) model (m³/s). 

Series Oct Nov Dec Jan .Feb Mar Apr May Jun Jul Aug Sep 

Obse. 20.88 104.20 95.93 87.42 71.24 103.03 175.76 197.22 98.25 27.52 6.22 3.59 

Gen.1 20.88 104.20 95.93 87.42 71.24 103.03 175.76 197.22 98.25 27.52 6.22 3.59 

Gen.2 20.88 104.20 95.93 87.42 71.24 103.03 175.76 197.22 98.25 27.52 6.22 3.59 

Gen.3 20.88 104.20 95.93 87.42 71.24 103.03 175.76 197.22 98.25 27.52 6.22 3.59 

Gen.4 20.88 104.20 95.93 87.42 71.24 103.03 175.76 197.22 98.25 27.52 6.22 3.59 

Gen.5 20.88 104.20 95.93 87.42 71.24 103.03 175.76 197.22 98.25 27.52 6.22 3.59 

Gen.6 20.88 104.20 95.93 87.42 71.24 103.03 175.76 197.22 98.25 27.52 6.22 3.59 

Gen.7 20.88 104.20 95.93 87.42 71.24 103.03 175.76 197.22 98.25 27.52 6.22 3.59 

Gen.8 20.88 104.20 95.93 87.42 71.24 103.03 175.76 197.22 98.25 27.52 6.22 3.59 

Gen.9 20.88 104.20 95.93 87.42 71.24 103.03 175.76 197.22 98.25 27.52 6.22 3.59 

Gen.10 20.88 104.20 95.93 87.42 71.24 103.03 175.76 197.22 98.25 27.52 6.22 3.59 



Journal of Engineering         Volume    22   March  2016  Number 3 
 

 

 

 

110 

 

 

 

Figure 17. Comparison between the monthly standard deviations of the observed data and 

the data generated by AR(1) model. 
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ABSTRACT 

 Among all the common mechanical transmission elements, gears still playing the most 

dominant role especially in the heavy duty works offering extraordinary performance under 

extreme conditions and that the cause behind the extensive researches concentrating on the 

enhancement of its durability to do its job as well as possible. Contact stress distribution within 

the teeth domain is considered as one of the most effective parameters characterizing gear life, 

performance, efficiency, and application so that it has been well sought for formal gear profiles 

and paid a lot of attention for moderate tooth shapes. The aim of this work is to investigate the 

effect of pressure angle, speed ratio, and correction factor on the maximum contact and bending 

stress value and principal stresses distribution for symmetric and asymmetric spur gear. The 

analytical investigation adopted Hertz equations to find the contact stress value, distribution, and 

the contact zone width while the numerical part depends on Ansys software version 15, as a FE 

solver with Lagrange and penalty contact algorithm. The most fruitful points to be noticed are 

that the increasing of pressure angle and speed ratio trends to minimize all the induced stresses 

for the classical gears and the altered teeth shape with larger loaded side pressure angle than the 

unloaded side one behave better than the symmetric teeth concerning the stress reduction.  

 

Key words: symmetric and asymmetric spur gear, contact stress. 

 

 بيت الالتفافيتواء التقليذيت والوعذلت راث الجانسناى نظرياً وعذدياً للتروس الصالأ لاهستحليل ت

 هحوذ قاسن عبذالله أ.                                                                                  نصير رشيذ حوىد                   م.م.    

 قسى انُٓذسح انًٍكاٍَكٍح                                                                                قسى انُٓذسح انًٍكاٍَكٍح  

 جايؼح تغذاد /  كهٍح انُٓذسح                                                                  جايؼح تغذاد                               /  كهٍح انُٓذسح

 
 الخلاصت

اداءً يٍ تٍٍ كم ػُاصش انُقم انًٍكاٍَكٍح انًؼشٔفح لاذضال انًسُُاخ ذهؼة دٔساً يًٍُٓاً خاصحً فً الاػًال انثقٍهح يقذيحً  

اسرثُائٍاً ذحد انظشٔف انًرطشفح ْٕٔ سثة كثشج الاتحاز انًشكضج ػهى ذحسٍٍ يقأيرٓا َداء دٔسْا ػهى اكًم ٔجّ. ٌؼرثش 

ذاً يٍ اْى انؼٕايم انًحذدج نحٍاج انًسٍُ ٔآداؤِ ٔكفائرّ ٔيجال ذطثٍقّ نزنك ذى ذحشٌّ حفً الاسُاٌ ٔا لايسجٓاداخ انرإذٕصٌغ 

انجاَثٍح انًُٓجٍح ٔيُح انكثٍش يٍ الاْرًاو لأشكال الاسُاٌ انًؼذنح. انٓذف يٍ ْزا انؼًم ْٕ ذحشي ذأثٍش تؼُاٌح نهًسُُاخ راخ 

شئٍسٍح ٔذٕصٌغ الإجٓاداخ ان ٔانحُاٌح لايسػهى انقًٍح انؼظًى لإجٓاد انر ٔ يؼايم انرصحٍح َسثح انرحٌٕمصأٌح انضغع ٔ

ٔذٕصٌؼّ  لايسنحساب إجٓاد انر (Hertz)انرحهٍم انُظشي يؼادلاخ  نهًسُُاخ انصًاء انًرُاظشج ٔغٍش انًرُاظشج. اػرًذ

ٓاداخ تاسرخذاو خٕاسصيٍح جانُسخح انخايسح ػشش لاٌجاد الا Ansysتًٍُا اػرًذ انحم انؼذدي تشَايج  لايسٔػشض يُطقح انر

(Lagrange- penalty).  أْى انُقاط انًثًشج انرً ٌُثغً يلاحظرٓا اٌ صٌادج صأٌح انضغع َٔسثح انسشع ذًٍم نرقهٍم كم

غٍش انًحًهح ذرصشف تشكم افضم  يٍ َظٍشذٓا  كثشإٌ الاسُاٌ يؼذنح انشكم راخ صأٌح ذحًٍم ا ًسُُاخ انرقهٍذٌح ٔانإجٓاداخ 

 يٍ الاسُاٌ انًرُاظشج فًٍا ٌخص ذقهٍم الإجٓاداخ.

 لاهس.يسيت: الوسنناث الصواء الوتناظرة وغير الوتناظرة, إجهاد التالرئالكلواث 

mailto:Nassear_machine@yahoo.com
mailto:mohq1969@yahoo.com
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1. INTRODUCTION 

Gears have been focused on as the prime power transmission mechanical elements regarding 

durable and superior stress and vibration related performance. The confidence of any mechanical 

system is austerely related to the survival of its components under the working environment 

conditions such as contact, bending, and thermal stresses, vibration, fatigue and so on. The 

requirements placed on gear design technology are constantly increasing and need new technical 

solutions which are mainly related to the gear teeth shape altering aiming to reach the optimum 

geometrical combination that reduces the induced teeth contact and bending stresses o that, spur 

gear has an extensive studies regarding mathematical representation, manufacturing, 

transmission errors, stress analysis, wear, dynamic behavior, efficiency , and performance etc. 

 The most well known formulations addressing the problem of gear stresses ,Lewis 

equation for fillet stresses and Hertz equation for contact stresses, are derived for standard tooth 

profiles and show some shortage to come up with the nowadays gear design tools and 

manufacturing facilities which enable designer to innovate gears like never known before. 

Aiming to fit modern industry needs researchers, societies and companies still developing these 

formulations, and the latest formula for bending stress is M.Q. Abdullah equation, Abdullah, 

2012, and AGMA equation for contact stress, Slogén, 2013. 

  It has been found that the contact stress and wear rate are expressing each other because of 

the intensity of contact stress play an important role in quantifying the amount of wear and vice 

versa the amount of wear change the involute profile by a certain distribution and lead to 

increase the induced contact stress with some improvements on the transmission smoothness 

Farhan Muhammad et.al, 2015. This study is focusing on the contact stress and the induced 

principal stresses within the tooth subsurface as the base of tooth shape optimization and 

simulates the studied cases numerically to compare with the mathematical results and then 

adopted to verify the nonstandard teeth profile results. 

2. SLIDING BEHAVIOR 

 Pinion and gear push each other and transmit power depending on the sliding and rolling 

actions during the period of engagement. The maximum sliding action occurs at the tip and base 

of tooth regions and accompanied by heat generation, wear development, and power loss but it is 

unavoidable action and necessary to sustain the successive engagement of teeth. Rolling action is 

dominant at pitch point and accompanied by high pressure intensity without heat generation or 

wear setup. In general the larger sliding distance the greater wear rate and the lower vibration. It 

is often required to find the amount of the sliding velocity which has got a direct bearing on the 

amount of wear, Maitra, 2001. The relative sliding velocity is expressed as follows. 

 

      (     )                                                                                                                    (1) 

 

 Where   and    are the angular speed of pinion and gear respectively, sd is the relative 

sliding distance. 

 

         √   
     

  √   
     

  (       )                                                (2) 
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Where       are the gear and pinion addendum radii,       are the gear and pinion base radii, 

      are gear and pinion pitch radii, and α is the pressure angle.                                            

 The distribution of sliding distance and velocity is linear and identical for the flank and 

face portions of uncorrected tooth profiles unlike its counterpart, it is linear but with larger value 

for addendum than the dedendum part. 

 The load share between the successive teeth indicates the gear load carrying capacity 

which could be expressed in terms of contact ratio (CR). Higher contact ratio means larger 

number of gear teeth contributing power transmission leading to elongate gear life and generally 

it is ranging from 1.2 to 1.6 for standard applications. Working contact ratio is less than the 

design one due to mounting and assembly errors and that increases the vibration and coarsens the 

transmission process, Tharmakulasingam, 2009. 

 

   
      

  
                                                                                                                                (3) 

 

Where CR is the contact ratio and m is the module. 

 

3. HERTZ CONTACT STRESS 

 Due to its high intensity value compared to other stresses induced in gear teeth, contact 

stress has been paid a lot of attention in the design process to be the deciding factor for the 

determination of the requisite dimensions of gears aiming to minimize its maximum value as 

possible to be less than the allowable value and rearrange its distribution. In 1881 Heinrich Hertz 

derived his famous equation to calculate the induced contact stress between two elastic cylinders. 

Hertz theory assumed that the surfaces are continuous, smooth, nonconforming, frictionless, the 

size of the contact area is small compared to the size of the bodies, i.e., the strains associated 

with the deformations are small, each solid can be considered to behave as an elastic half-space 

in the vicinity of the contact zone, Bhushan, 2001. 

 The main shortages of this equation in gearing field are that the radius of tooth profile is 

not constant and it is a permanent calculation error, and the contact stress becomes infinite at the 

base of the profile so that it is not applicable at this point. This equation is the most dependable 

and accurate ever known approach simulates contact mechanism realistically and has been dealt 

with as the dominant equation over 100 years, where the contacting zone half width is see Fig.1, 

Johnson 1985 
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And the maximum contact pressure is 
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                                                                                                                             (5) 

 

Sub. Eq. (4) in Eq. (5) the maximum contact stress will be 
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And spreads over the contacting zone as follow 

 

     √  
  

                                                                                                                               (7) 

 

The principal stresses under the contacting surfaces is expressed by 

 

            ( 
    )                                                                                                       (8) 

 

      
    

 
  (      )(     )                                                                               (9) 

 

     (     )                                                                                                                         (10) 

 

any discontinuity within the contacting surfaces or sharp edges rising up the interacting pressure 

rapidly which is existed in case of undercut, if the teeth number is lower than the minimum 

number as in Eq.(11), and at the tip of any tooth without tip modification. 

 

      
 

(    ) 
                                                                                                                            (11)                                                                           
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4. INTERFERING AND TOOTH CORRECTION 

 The transmitted power and available space are the functional criteria for choosing gear 

system size which is characterized by module and tooth number.  Beyond the minimum teeth 

number the tip of cutting tool will Remove the material from the tooth fillet region, layer after 

layer during the reciprocating process between the cuter and gear blank modifying the 

manufactured gears to have jam free engagement action, making the gear fillet and involute 

shape  no more in tangency but intersect each other, Litvin, 2004. This material removal has 

some disadvantages such as weakening the tooth bending strength, defeat the involute profile to 

be shorter than its normal length, and the intersecting point of involute profile with the trochoidal 

fillet shape produces a sharp edge along the face width produce a high stress concentration zone. 

One of the most beneficial solutions to overcome the undercut problem is addendum 

modification by some correction factor leading to some geometrical improvements like 

increasing weakest section tooth width, preventing the sudden change in tooth profile and 

emergence of sharp edge, enlarging the pressure angle, and increasing load carrying capacity see 

Fig. 2. The amount of addendum correction factor is obeyed to 

 

   
      

  
                                                                                                                                  (12) 

 

5. CASE STUDY 

 The effect of pressure angle for symmetric and asymmetric spur gear on the induced 

contact stress is sought numerically and analytically. The FEM has been adopted to build up the 

3-D model and analyzed the contact stress using Ansys software version 15. Hertz equation is 

modified to take into account the correction factor, the adjusted radius of curvature, and the 

working pressure angle affected by the correction are; 

  

          
 (     )

     
                                                                                          (13) 

       
    

     
                                                                                                                            (14) 

 

Eq.(7) must be solved numerically to get the working pressure angle equivalent to the summation 

of pinion and gear correction factors to evaluate the corrected pitch radius so that Eq.(4) will be 

 

   √     
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)

(
 
  

 
 
  

)
                                                                                            (15) 

 

The general dimensions and properties of the sought models are shown in Table 1, the range of 

pressure angles are shown in Table 2, the applied normal load  have been chosen to be 100 N 

and contact position is the pitch point. 
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7. RESULTS AND DISCUSSIONS 

7.1 Analytical Results 

 Hertz contact stress equation have been applied directly to the proposed studied cases of 

20
o
 and 25

o
pressure angles but the 14.5

o
 pressure angle needs some addition calculation because 

the minimum teeth number for such pressure angle is 32 tooth according to Eq. (11) while the 

current teeth number is 14 tooth i.e. gear suffers of large undercut depending upon Eq. (12) the 

correction factor is (0.56 mo) Fig.2 shows the corrected and uncorrected spur gear teeth. The 

radius of curvature at the pitch point equal to (49 *sin α) but in the case of corrected gear the 

pitch point radius and the working pressure will change and could be calculated according to Eq. 

(13) and Eq. (14). Table 3 represents the correction amount with its working pressure angles and 

corrected pitch radii.  

 Fig.3 relates the change in the contact zone half width distance to the variation of the 

pressure angle and the speed ratio. It is distinct that the increasing of the pressure angle and 

speed ratio plays a good role on the increasing of the contact area, because both increase the 

radius of curvature. 

 Fig.4 shows the effect of pressure angle on the contact stress, for different speed ratios, it 

is clear that the increasing of the pressure angle, by 20
o
, reduced the contact stress by about 34%, 

while tripling the speed ratio decreases the contact stress by about 22%, and the cause of that is 

the larger angle and speed ratio means a larger contact radius of curvature leading to increase the 

contact zone width, i.e. the same load spread over a larger area. The other remark to be noticed is 

that the pressure angle sustains its effect on the contact stress but the speed ratio effect 

diminishes or becomes worthless after number 5 especially it is not an optional choice to enlarge 

the gear size by this magnitude. 

 Figs. 5.6,7 and 8 clarify how such high intensity contact stress flow or distributed within 

the tooth subsurface along the contacting teeth normal for 14.5
o
, 20

o
, 25

o
, and 30

o
  pressure angle 

gear teeth respectively. The three principal stresses and the resulting von mises stresses have 

been converted to be dimensionless values, divided by the max. contact stress of the 14.5
o
  gear 

tooth i.e. 771 MPa. 

Results emphasized the following facts 

 The stress falls down or dissipated within (1 mm) beneath the tooth surface to be lower 

than one tenth of its max value, for the max. principal stresses and lower for the others. 

 The first and second principal stresses equal to the maximum contact stress at the surface 

but the von mises stress is 0.6 of its value. 

 The results confirm that the increasing of the pressure angle play a positive role on the 

reduction of all the induced stresses.   

 

7.2 Finite Element Results 

 The different gear pairs have been modeled by Ansys software version 15 to investigate the 

induced static stresses and the pressure distribution within the contact area, along the contact 

zone half width distance and the gear face width. The models have been meshed using solid 

elements type brick with 20 nodes and contact elements 170 for the contact surface and 174 for 

the target surface, the material was chosen to be isotropic with linear behavior. 
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Fig.9.a, b show the contact stress distribution along the contact zone width and face width, it is 

obvious that the stress distribution matching that of Eq. (7) along the minor contact axis i.e. 

along the half contact zone distance a, but it refuted the assumption of Hertz theory about the 

contact stress distribution constancy along the contacting surfaces face width, such behavior is 

interpreted by the free end deformation trend which works as a stress relief regions. Despite this 

positive effect of these regions but it resize the face width to withstand against the external loads 

by about 0.8 of its real value and this is the counterpart negative effect, an evidence of such 

phenomenon is the pitting failure accurse faraway the tooth ends.  

 Fig. 10 represents the max. principal stress value and distribution for 14.5
o
 pressure angel 

teeth corrected by 0.1mo and Fig.10,b corrected by 0.5mo, the max contact stress has been 

(771MPa ) for the uncorrected gear as shown in Fig.9 and reduced by about 21% due to 

correction factor, the modification of tooth profile by 0.56mo for gear and pinion increase the 

pressure angle to be 23.97
o
 instead of 14.5

o
 and the pitch radius to be 51.9 mm instead of 49 mm 

and that lead to increasing the curvature radius, which is (Rp*sin α), to be 21.1 mm instead of  

12.27 mm and that leads to increase the contact area by about 30% according to Eq.(4)  so that 

the contact stress reduced. 

 Fig. 11 shows the bending stress distribution in the tension side bending zone affected by 

the pressure angle for symmetric spur gear. Fig. 12 demonstrates the bending stress distribution 

in the tension side bending zone for asymmetric spur gear with loaded side pressure angle of 

14.5
o
 pressure angle. 

 Fig.13 implies the effect of the unloaded side pressure angle variation on the max. contact 

stress of 14.5
o
, 20

o
, and 25

o
 
pressure

 angle. It is evident that 

 The increasing of the unloaded side pressure angle badly affected the max. induced contact 

stress 

 The loaded side pressure angle must be greater than the unloaded side one for lower 

contact stress levels. 

 The worst effect occurs for the gear of 14.5
o 

loaded side pressure angle. 

 The unloaded pressure angle role diminishes after some value for the different three cases. 

 The larger unloaded pressure angle means a larger mass added to the spur gear teeth to be 

stiffer, leading to lower profile deformation at the contact point i.e. small contact zone area or 

high load intensity.  

  Fig. 14 relates the max. bending stresses for loaded and unloaded side of 14.5
o
, 20

o
, 25

o
 

loaded side pressure angle with the variation of the unloaded side pressure angle. The following 

remarks could be concluded 

 The lower loaded pressure angle accompanied by the larger bending stress, due to the 

increasing of the horizontal component of the applied load and decreasing of the tooth 

weakest section thickness.  

 In general the compression side bending stress is higher than its counterpart of the tension 

side, due to the magnification of the bending compression side force by the vertical 

component of the applied load. 

 The unloaded side pressure angle has a significant role regarding the bending stress 

reduction by control the weakest tooth thickness.   
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 Fig.15 compares the analytical and numerical max. contact stress results for symmetric teeth of  

different pressure angles and shows a small discrepancy ranging between zero  for 35
o
 pressure 

angle to 2.8% for 14.5
o
 which refers to the reliable FE model and boundary conditions. 

8. CONCLUSIONS 

 Based on the whole presented theoretical and numerical results and explanation the 

following remarks could be concluded; 

1. The use of asymmetric spur gears, with lower unloaded side pressure angle than its 

counterpart loaded side one, ensures low contact stress. 

2. The higher pressure angle leads to lower contact and bending stress, with preservation of 

the first conclusion content. 

3. The max. 1
st
 and 2

nd
 principal stresses have the same value of the max. contact stress at the 

contacting surfaces. 

4. The unloaded side bending stress always prevails on that of the tension side. 
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NOMENCLATURES 

 = Contact zone half width, mm.  

 = Face width, mm.  

  = Contact ratio.  

E1,2= Gear and pinion modulus of elasticity, MPa. 

 =Applied normal force, N.  

 = Module, mm.  

P=Contact pressure, MPa. 

    = Gear and pinion profile radii at any contact point, mm.  

     = Gear and pinion addendum radii, mm. 

     = Gear and pinion base radii, mm. 

     = Gear and pinion pitch radii, mm.  

  = Sliding velocity, mm/s.                                                      

  = Sliding distance, mm. 

    = Gear and pinion correction factor, mm. 

    =Min teeth number.  

 = Pressure angle, degree  

  = Corrected pressure angle, degree. 

    = Gear and pinion Poisson's ratio.  

 1,2= Gear and pinion radii of curvature, mm. 

1,2,3= Maxrincipal stress, MPa. 

c= Max. contact stress, MPa. 

Table 1. Dimensions and material properties, of studied models. 

 Pinion Gear 

Teeth number 14 14 

Module (mm) 7 

Correction factor (mm) 0.5*m 

Face width (mm) 1 

Height (mm) 2.25*m 

Fillet radius (mm) 0.25*m 
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Modulus of elasticity GN/m
2 
 200 

Poison's ratio 0.3 

 

Table 2. Rang of pressure angles. 

Loaded side pressure angle (degree) 14.5 20 25 

 

 

Unloaded side pressure angle (degree) 

14.5 14.5 14.5 

18 18 18 

20 20 20 

22 22 22 

25 25 25 

28 28 28 

 

Table 3. Corrected profile pressure angle and pitch radius for 14.5
o
 pressure angle gear. 

Correction factor (x) 0 0.1 0.2 0.3 0.4 0.5 0.56 

Working pressure 

angle 
14.5 17.13052 19.10514 20.71728 22.09404 23.30346 23.9666 

Corrected pitch radius 49 49.64152 50.20452 50.71885 51.19888 51.65295 51.91523 

 

 

  

Figure 1. Geometry and main dimensions of spur gear teeth, =20
o
, mo=7 mm, Z=10 teeth. 
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Figure 2. The effect of correction factor on the tooth shape, both have 7mm module and 14 

teeth for gear and pinion . (a) Uncorrected teeth, (b) Corrected teeth by 0.5 correction factor. 

 

     

      Figure 3. The effect of the pressure angle and speed ratio variation on the contact half width 

distance. 
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Figure 4. The Role of the pressure angle variation on the max. contact stress for different 

speed ratios. 

Figure 5. The dimensionless different stresses distribution along the contacting surfaces 

normal, the pressure angle is 14.5
o
. 
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Figure 6. The dimensionless different stresses distribution along the contacting surfaces normal, 

the pressure angle is 20
o
. 

 

     

Figure 7. The dimensionless different stresses distribution along the contacting surfaces normal, 

the pressure angle is 25
o
. 
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Figure 8. The dimensionless different stresses distribution along the contacting surfaces normal, 

the pressure angle is 30
o
. 
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Figure 9. Contact stress distribution of symmetric spur gear of 14.5
o
 pressure angle, (a) 

Along contact zone minor axis (a), (b) Along major axis (face width), (c) Teeth in mesh at 

pitch point, (d) Contact stress pattern in the contact zone. 
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Figure 10. Max. principal stress for 14.5
o
 pressure angle involute profile. 

(a) Corrected by 0.1 mo. (b) corrected by 0.5 mo. 
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Figure 12. Max. bending stress for asymmetric spur gear with 14.5
o
 loaded side and (a) 

20
o
 unloaded pressure angle (b) 25

o 
unloaded pressure angle.   
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              Figure 15. Analytical and numerical max. contact stress results for symmetric teeth. 
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ABSTRACT 

The importance of the construction sector and its Great role in the provision of services and 

infrastructure, reduce poverty, improve living conditions and improve the economic situation 

in the country, impose attention to the way in which the projects implemented for its 

improvement and to get successful projects. The objective of this research was to determine 

the criteria for success as well as critical success and failure factors that have a significant 

impact on project success. A selected 75 engineer (department managers, project managers 

and engineers) are asked to fill  the questionnaire form, Sixty-seven valid questionnaire forms 

were analyzed statistically to get search results, which were as follows : Twelve critical 

success factors, the most important factors of it were ("contractor financial efficiency ", " 

security ,political , economic stability ", "the project manager competence" and " Integration 

and clarity of contract documents ") , thirteen critical failure factors, the most important factors 

of it were ("corruption " , " external circumstances ", "Financial difficulties of owner)", and ten 

success criteria , the most important criteria of it were ("within allocated budget" , " within 

time period" , "Quality" ). 

Key word: critical success factors, critical failure factors, success criteria and project . 

 
 

عوامل النجاح الحرجة في المشاريع الانشائية ) المشاريع الحكومية حالة دراسية (   

 
 حاتم خلٌفة العجٌلً                                                         عبد السلام جمٌل علً الزوبعً                

 باحث                                               استاذ مساعد                                                
 محافظة بغداد                                                                       جامعة بغداد -كلٌة الهندسة            

 

 الخلاصة
 الحالة و المعٌشٌة الحالة تحسٌن و الفقر تقلٌل ،  التحتٌة البنى و الخدمات توفٌر فً الكبٌر دوره و الانشاءات قطاع اهمٌةان 

 الهدف كان. ناجحة مشارٌع على الحصول لغرض لتحسٌنها المشارٌع فٌها تنفذ التً بالطرٌقة الاهتمام تفرض ، البلد فً الاقتصادٌة

 تحقٌقل . المشروع نجاح على كبٌر تاثٌر لها التً الحرجة الفشل و النجاح عوامل الى اضافة النجاح معاٌٌر تحدٌد البحث هذا من

 و سبعة تم استرجاعمهندس ) مدٌر قسم , مدٌر مشروع و مهندس ( لغرض ملئ استمارة الاستبٌان .  57تم اختٌار .  البحث اهداف

)  ااهمها حرج نجاح عامل عشر اثنى : ٌاتً كما كانت التً ، البحث نتائج على للحصول احصائٌا تحلٌلها تم صالحة استمارة ستون

,   ( تكامل وثائق المقاولة و المشروع مدٌر كفاءة ، البلد فً الاقتصادي و الامنً ، السٌاسً الاستقرار ، للمقاول المالٌة الكفاءة

 معاٌٌر اضافة الى عشرة( للمالك المالٌة الصعوبات" ،"الظروف الخارجٌة" ،"الفساد)", اهمها   الحرجة الفشل عوامل من ثلاثةعشر

 . "( الجودة" و" الاستدامة" ،" الزمنٌة الفترة ضمن" ،" المخصصة المٌزانٌة ضمن)" اهمها لنجاح،ل

 المشروع . والكلمات الرئيسية : عوامل النجاح , عوامل الفشل الحرجة , معايير النجاح 

mailto:Dr0hatem2099@yahoo.com
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1. INTRODUCTION 

        The construction sector is one of the most important sectors in any country , it  plays a 

major role in providing buildings , public institutions, infrastructure, reduce poverty, improve 

the pension status of the citizens, job creation, improve the environment, improve the 

economic sector and other important matters offered by this sector . Despite the availability 

of all the possibilities, experiences, factors and other things that lead to the success of 

construction sector and projects that it offers, but the proportion of the failed projects is 

relatively large in Iraq , project failure is common in all countries of the world, even 

developed ones but in varying proportions, This failures proportion requires identification of 

problems and imbalances suffered by this industry in addition to identification of factors that 

will raise the success rate of Iraqi construction industry projects, if the project is completed 

within the agreed budget , on time and according to the desired quality, "the „golden 

triangle'", the project considered successful , this is Far from reality. The construction 

industry participants have to notice the critical success factors, along with „golden triangle‟, 

to ensure its continuity, Toor and Ogunlana, 2009. The work of the companies in the 

construction sector is project-oriented, i.e., it is unique and has a known start and finish, 

Zwikael, 2012. The difficulties and the obstacles facing the departments of organizations in 

this sector could be minimizing the negative effects through the use of tools and construction 

project management techniques. The proper usage of the project management tools in all 

phases of the project, will ensures the smooth execution of project activities. Generally 

research is divided into two parts, the first part is theoretical part and the second side is the 

practical side, the theoretical part reviews projects and project management, failure and 

success of the construction projects in addition to the critical factors for success and failure 

and success criteria in the construction sector , The practical side In it, will identify critical 

factors and criteria for success through case studies and direct meetings with specialists in the 

field of construction in addition to the closed and open questionnaire and also extract a 

mathematical model to calculate the the project success index . 

  

2. PROJECT AND PROJECT MANAGEMENT 

        The project definition must be general to include examples of the organizational 

activities wide variety of which the managers consider to be "the project functions.'' and, it 

should be narrow enough It is allows distinguish it from other projects , describe as "project-

oriented." There are many definitions for the project, including: 

    1- The project is a human and nonhuman resources combination Integrates together in a 

temporary organization for the purposes of achieve a specified objective, Kerzner ,2001 . 

    2- The project is a temporary endeavor undertaken to meet a unique objectives and goals 

within a defined time frame, budget and scope, PMI, 2008. 

    3- The project is a succession of complex, unique, and connected activities having a goal 

or purpose must be completed according to specification, within budget, and by a specific 

time.  

        The project management can defined as, " the techniques, skills, tools, and knowledge 

application to the project activities in order to meet the project requirements , PMI, 2008  and 

turner ,1996, defined the project management " the competencies of different individuals 

and grouping them together to facilitate  access to achieve the project objectives and ensure 

the project success". The project life cycle, is a logical sequence of the activities to 

fulfillment the project‟s goals, consist of five phases namely; (the Project Initiation, the 

Project Planning, the Project Execution, the Monitoring and Controlling stage, and the 

Project Closure) phases .The attention to details, proper documentation at each stage and the 
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involvement of the key stakeholders ensures the success of the project. For example, the 

setting of the scope and specifications of the project in the Initiation phase enables the project 

manager and sponsor to be clear with the purpose, budget, expected outcomes, time frame 

and deliverables of the project. And also, the experience shows that getting the things right at 

the Planning phase is very critical for project success and the project outcomes sustainability. 

The Planning phase ties into the project Execution phase during which there should be a 

constant Monitoring and Controlling of all of the project aspects. The good monitoring, 

control and evaluation of the projects during its execution enhance the project success rate. 
The project's success is achieved by the integration of the role of all parties in all phases of 

the project from the idea stage to the operating and Maintenance stage. 

 

3. PROJECT SUCCESS  

        Success can be defined as "the degree to which the project objectives and expectations 

are met" It always viewed from different perspectives. Indeed, the measuring of the project 

success is a complex task since the success is intangible and hardly be agreed upon. In the 

project management literature the project success concept had not been well-defined 

properly. Shenhar and Wideman, 2000, Indicated that there is no integrated understanding 

on the idea of success in either the business or project management literature. DeWit, 1988, 

distinguished between the project success, which measured against the overall goals of the 

project, and the project management success which measured against the traditional and 

widespread measures of performance against quality, time and cost. There are still too many 

examples of projects exceeding their budgets, running late, or failing to meet other objectives. 

it is very important, before any discussion of the factors leading to a successful project, to 

describe exactly what is a "successful, in its simplest terms, the project success can be 

thought of as the incorporating of four basic facets, if it : 

    1- Comes in on-budget (monetary criterion). 

    2- Comes in on-schedule (time criterion). 

    3- Is used and accepted by the clients and users for whom the project was intended (Client 

satisfaction criterion). 

    4- Achieves basically all the objectives originally set for it (effectiveness criterion).       

Baccarini, 1999, introduced five maxims to measure project success regardless of the project 

duration, size or scope which are; delivering of the product according to the customer needs; 

delivering the quality that consistent with the price; delivering the project within the agreed 

timeframe; delivering of the desired that the customer wishes; existing a system of conflict 

resolution that is fair to the development team and the customer. The project usually targeted 

for use by the client, either external or internal to the organization, its reasonable; therefore, 

that any project implementation success assessment should include these five metrics.  

 

3.1 Critical Success Factors 

        The certain factors that are more critical to the project success than others , are called 

"critical success factors (CSFs)". term "critical success factors," in the projects and the 

management of projects, was used firstly by Rockart ,1981 , defined as " those factors 

predicting success on projects ".the critical success factors are a group of project areas or 

variables that are correlated to the project success strongly, and whose maximization or 

minimization, will lead to project success. According to Russell and Jaselskis,  1992, the 

critical success factors are a limited number of variables in which the satisfactory results will 

ensure the successful competitive performance of the organization, department, or individual. 

And they are the few important areas where things must go right for the business to be 
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flourishing. If the results in these areas are not good, then the organization‟s efforts will be 

less than desired. Pinto and Slevin, 1987 , found a project model of ten CSFs they are: 

training, scheduling, communications, feedbacks and reports, user reception, user consultant, 

technical tasks, personnel (requirement, employment), senior manager support, fault 

detection and Project mission. Frese and Sauter,2003, conclude that generally, the 

(Schedule Control, Communications, good accountability, , Good Planning , Project 

leadership and Governance, and Clear Responsibility ) are key areas of successful projects. 

Which means that, the commitment and support from stakeholders, the clear project plan, and 

a plan for risk management are the critical success factors for project management .Mbugua 

et al., 1999 and Chan and Chan, 2004, identified five primary CSFs they are " project 

management actions, external environment, project-related factors, human-related factors and 

project procedures ". Abraham, 2003, identified seven CSFs they are " political 

environment, employee/organizational enhancement, competitive strategy, economic 

environment, process benchmarking, market analysis and technical application ". In 2004 

Nguyen et al. identified five CSFs among twenty factors of the projects success: (Access to 

resources, providing adequate financial resources, competent project manager, Commitment 

to the project and competent project team).  

 

3.2 Success Criteria 

 Criterion can be defined as "the principle or standard by which something can be judged or 

decided", Moreover, the success criteria should be measureable and observable. There is a 

clear difference between success criteria and success factors, the success criteria are measures 

in comparison with it the project success or failure can be judge; while the success factors can 

be defined as " those entered to the management systems result in directly or indirectly 

project success, time, quality and cost “The Iron Triangle” perceived as the major criteria to 

evaluate the success and performance of construction projects for a long time. Because of the 

great development of knowledge and the change in the projects and project management, 

these criteria is no longer sufficient to measure the success of the project, as in the project 

success literature, the project success criteria also hardly agreed upon in literature. Lim and 

Mohamed, 1999, modeled the project success measurement into a „micro viewpoint: 

completion quality, completion safety, completion time, completion performance, completion 

cost; and the macro-viewpoints: completion operation, completion satisfaction, completion 

utility, completion time. Patanakul and Milosevic, 2009, grouped the success criteria into 

three: (i) organizational perspective criteria: organizational learning and resource productivity 

(ii) project perspective criteria: time-to-market and customer satisfaction and (iii) personal 

perspective criteria: personal growth and personal satisfaction. Sadeh et al.,2000 , measure 

the  project success from four dimensions:  

1) The meeting of design goals, 

 2) The benefits to the user,  

3) The developing organization benefit, and  

4) The technological infrastructure benefit Shenhar et al., 1997, suggested  four distinct 

dimensions for project success measure: the project efficiency; preparing for the future; 

business and direct success .Project consists of the integration efforts of a number of various 

parties, each of these parties has its own criteria for the success of the project as follows : 

    1-Owner's criteria for measuring success: function for intended use (satisfy the users and 

customers); on budget; on schedule; quality (workmanship, products); end result as 

envisioned; return on investment (responsiveness to the audiences); aesthetically pleasing; 
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minimize aggravation in producing a building and building must be marketable (image and 

financial). 

    2-Designer's criteria for measuring success: quality architectural product; satisfied client 

(develop the potential to obtain repeated work); professional staff fulfillment (learn new 

skills, gain experience); met design fee and profit goal; met the project schedule and budget; 

marketable product/ process; easy to operate, constructible design; no "ghosts," liability, 

claims; socially accepted; well defined scope of work; and client pays (reliability). 

    3-Contractor's criteria for measuring success: profit; under estimated budget (savings 

obtained for the owner and/or contractor); meet the schedule of  (preconstruction, 

construction, design); no claims (owners, subcontractors); safety; quality specification met or 

exceeded; good sub-contractor buy out; client satisfaction (personal relationships); and 

minimal or no surprises during the project executing. 

 

3.3 Critical Failure Factors  

The study of the failure factors is very significant because; the prevention is better than 

remedial actions , and the elimination or reduction of the failure rate and a significant 

increase in civil engineering projects' successful level will result in provision of good 

infrastructures ;housing, bridges, roads, dams, railways and other. Contribute to providing 

employment opportunities for youth and experts. a reduction in waste of materials, human 

and fund, enhanced the socio-economic and physical development in the country. Project 

failure may be defined as "the project which did not meet the cost, time, quality and scope 

goals. Also, the project is a failure when it fails to persuading or meet the customer's 

requirements and when it cannot get its planned targets. Chitkara, 2006, asserted that it is 

common to see a project failing to achieve its mission, a very few projects get completed 

within the original costs and in time. According to Chitkara 2006, 49% faced a time overrun 

from 1 to 157 months and out of 351 projects, 56% had cost overrun (totally 20% cost), 

sometimes projects like Boston‟s Big Dig go 50, 60, 90, or more than 100 percent over 

budget. The various causes of delays in Construction projects in Thailand were (unclear and 

incomplete drawing, deficiencies between consultant and contractor, improper planning of 

the sub-contractors and lack of sufficient sources.).  Noulmanee, et al., 2004 , found that the 

(supervision, unforeseen ground conditions, Poor site management, client initiated variations 

and low speed of decision making ) were the five various failure reasons in construction 

projects of Hong-Kong,  , the " factors relate to the designers, site conditions, weather, user 

changes, increase in quantity, economic conditions and late deliveries" , are the main project 

delay factor as indicated by Ayman, 2000,  in addition to the  other endless reasons for non-

fulfillment of the project goals. The Failures can be by the unforeseen natural calamities like 

natural disasters, floods and earthquakes. It can also result come from the deliberate attempts 

made by the manipulators during the feasibility study stage by incorporating inaccurate cost 

and time estimates with a view of secure business or start a project. These incorrect actions in 

the feasibility study phase may lead to unrealistic objectives and thus to significant problems 

during implementation.  

 

4. RESEARCH METHODOLOGY  

        The success of the project cannot be achieved without identifying the critical success 

factors, the critical failure factors in addition to the success criteria , Determine the criteria 

for success is the first element in maximizing the the proportion of the project's success, these 

criteria are the main goals that the management of organization and project have to ensure the 

achievement of it , After that , the identifying of the factors that lead to of gain such criteria 
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and make use of them in raising the the proportion of the project's success and the factors that 

would prevent the achievement of these criteria to prevent their occurrence or minimize the 

negative effects on the success of the project .In order to get these criteria and factors and 

after studying the related literature, it has been extracted a number of factors and criteria and 

divided into seven groups. a meetings and interviews were held with a number of project 

managers, engineers and experts in the field of research who have the technical and scientific 

expertise to find out the reasons, problems, obstacles and other things that lead to the failure 

of projects in addition to identifying anything that might reduce or remove their adverse 

effects, and to determine the criteria for success and the factors that lead to getting these 

criteria. After the completion of this open questionnaire, a closed form questionnaire have 

been prepared and presented to a number of experts to evaluate, straightened and improve to 

the final form for submission it to the sample , Questionnaire was divided into two parts, the 

first is comprised background questions about the respondents and In the second section the 

experts were asked to rank the success factors groups and success factors in each group , 

failure factors and criteria  according to their importance by a five-point Likert scale where 5: 

totally agree, 4: partially agree, 3: indifferent, 2: partially disagree and 1: totally disagree, 

Seventy-five questionnaire were distributed to the sample, sixty seven of them are valid and 

are in below description of of the  members of sample, followed by statistical analysis of the 

answers by using the (SPSS) program  

4.1 Respondents Background: The sample included a number of head of departments, 

project managers and engineers who have an experience in the area of government 

construction sector, Table 1 shows the respondents background. 

 

4.2 Identification of Critical Success and Failure Factors and Success Criteria 

4.2.1 Success factors 

       In the beginning, the respondents have been asked to identify the ten most important 

factors for the success of the project, then and from the careful study of the previous 

literature, the ten most important factors from the respondents and the open questionnaire of 

the CSFs were grouped under eight main categories. These include: (1) Procurement-related 

Factors; (2) Project Management Factors;(3) Design team-related Factors; (4) Client-related 

Factors; (5) Contractor-related factors; (6) external  Environment-related Factors  ; (7) Project 

Manager-related Factors and (8) Project Manager-related Factors. Table 2 Reviews the 

success factors, groups to which they belong, mean and standard deviation. 

If the reliability coefficient above 0.7 it is considered acceptable Nunnally and Bernstein, 

1994, the higher the Cronbach‟s Alpha the better the reliability of the set of variables. The 

Cronbach‟s Alpha of success factors was computed at 0.865, Table 3. which indicates a high 

level of internal consistency. As for the second condition, Kaiser‐Meyer‐Olkin (KMO) was 

used to measure sampling adequacy in the use of factor analysis Sadeh et el., 2000. The 

literature recommends that the KMO value should be greater than 0.50 if the sample size is 

adequate Child, 1990. From the above result; the Kaiser‐Meyer‐Olkin Measure of Sampling 

Adequacy has a value of more than 0.50 which is 0.575, this means that the sample size is 

adequate for analysis. Table 4 shows the KMO analysis. 
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4.2.2 Failure factors: Table 5 reviews the failure factors, mean and standard deviation, 

Table 6 reviews the failure factors reliability analysis and Table 7 reviews the failure factors 

KMO and Barlett‟s Test. 

4.2.3 Success criteria: Table 8 reviews the failure factors, mean and standard deviation, 

Table 9 reviews the failure factors reliability analysis and Table 10 reviews the failure 

factors KMO and Barlett‟s Test. 

5. MATHEMATICAL EQUATION  

Which can calculate the degree of success of the project, the closer one of the project the 

largest success, measuring the degree of success of the project can be divided into two main 

sections, the first section using the effect of each of the factors of success and failure in the 

design and implementation phases, the second section by using the criteria for success after 

implementation phase as follows: 

5.1 Design and Implementation Phase:  

The Mathematical equation consists from the integration of the impact of critical success and 

failure factors, as in Eq. (1): 

PSI = ∑ ∑ (Wcsn * Wcfn) cSn * cFn                                                                             …….(1) 

Where: 

PSI: project success index. 

Sn: CSFn efficiency.                            Fn: CFFn efficiency. 

Wcsn: relative weight of CSFn.          Wcfn: relative weight of CFFn. 

 

5.2 Post Implementation Phase: 

At this stage, after the completion of the project work is successful index calculation will 

based on the efficiency of getting the criteria for success as shown in Eq.(2) : 

PSI = ∑ (WCn * Cn)                                                                                                     …….. (2) 

Where: 

Cn: success criteria n efficiency.                            

 WCn: success criteria n relative weight. 

 

6. ANALYSIS OF THE RESULTS  

6.1 Success Factors: Critical success factors and its relative weights have been shown in the 

Table 11. The extraction of relative weights of the factors was done by calculating the total 

sum of the critical factors averages and then divides the average value of each factor on the 

total to find out relative importance of each factor, and so on for success criteria and critical 

failure factors. 

6.2 Success Criteria: Success criteria and its relative weights have been shown in the Table 

12. 

6.3 Critical Failure Factors: Critical failure factors and its relative weights have been shown 

in the Table 13. 

7. CONCLUSIONS 

Conclusions could summarize as follows: 

     1. The construction sector in Iraq suffers from many problems and obvious defect 

performance and a large part of this weakness is due to poor management performance and 
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the lack of knowledge of the ethics of the construction project management application and 

the right to it.      

    2- Most of the feasibility studies for government projects incorrect or non-existent 

originally leading to the project or the building does not offer the purpose for which was 

established.                                          

    3- Recent experience of the engineers and designers which will reflect negatively on the 

performance.  

    4-Contracting methods characterized by a major corruption cases in terms of high prices 

and lack of clarity in many of the paragraphs in addition to the fact that designs and contract 

documents is not integrated which leads to a huge number of parts orders in government 

projects which will reflect negatively on the administration and the costs of the projects.                                       

    5- Contracting is forwarded the basis of the lower cost tender which leads to that we 

contract with inefficient companies and is a solid which will reflect negatively on the 

performance.                                              

    6- The absence of proper planning for the implementation and funding of projects which 

leads to hold the government huge sums of money (The project is implemented with funding 

from more than one government department, leading to obtain a conflict of powers, which 

reflects negatively on the performance) in addition to the lack of planning for cost operation 

and future maintenance and requirements, which could lead to get a project cost of 

implementation and sessile but the cost of maintenance and operation of high.  

    7- Identifying CSF's is important as it allows firms to focus their efforts on building their 

capabilities to meet the CSF's, assist in taking proactive measures for successful project 

management of construction project and The finding will also be useful for effective 

management for all type of construction projects (With the exception of some specialized 

projects such as oil projects), thus helping to raise the overall level of productivity in 

construction industry. 

    8-Success criteria that have been identified allows manager of departments and their staff 

to focus on the factors that lead to raise the proportion of access to these standards as well as 

the exclusion of the factors that impede access to these standards to achieve high success 

rates for projects. 

    9- It is not the use of modern principles (or sustainability) in design, but in rare cases 

leading to great wastage of money in addition to the lack of access to buildings do not fit with 

the global development of civilization. 

    10- Weak in the experience of the committees overseeing the projects or restrict their 

powers, especially the project manager and who has a very big role in the success of the 

project structural as well as the nature of the Iraqi citizen and employee and all reflect 

negatively on the performance in construction projects. 

    11- Non- transparency and corruption. The Sizable financial resources combined with slow 

progress in strengthening the rule of law in Iraq have led to widespread corruption in both the 

public and private economic sectors. These corrupt practices are substantially undermining 

public confidence and support for a still fragile democratic government and diverting the 

provision of resources to the poor and the most disadvantaged social groups. 

 

    8. RECOMMENDATIONS    

    1- Introduction of modern technology and patterns turnkey construction and modern 

materials and the development of project management systems and the expansion of the 

production of basic building materials to labs list Accordingly, as the new plants so as to 

ensure the need With the actual development of the domestic market in quantity and quality 
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and to link the import of construction materials policies in terms of quantity and quality and 

the prices are not inconsistent with the development of domestic production and support 

plans and the need The actual local market 

    2- A comprehensive review of the laws currently in place as the General Conditions of 

Contract for Works of Civil Engineering two sections I and II and other laws suffer from a 

clear imbalance has a negative marking on the implementation of the projects in all stages 

    3- Adoption of the scientific basis of correct and accurate and fair in the classification of 

contractors and their potential financial knowledge and adoption at the assignment, which is 

reflected positively on the success of large construction projects 

   4- It is recommended to develop abilities and characteristics of project managers and 

Engineers through proper and continuous training programs about effective project Manager 

Abilities and characteristics with focus on the leadership area. 

    5- It is recommended for colleges and universities to make their curriculums more 

responsive to the leadership and management needs for modern engineers through education 

courses during college. Also, it is recommended to develop leading characteristics and 

abilities by education courses since college or seminars for project managers and engineers. 

    6- Carry out detailed studies to determine the most appropriate time to measure the factors 

and see its impact on the success of the project. 

    7- The legislation of laws which bear the person (project manager, contractor, designer, 

director, consultant or others) all the legal and financial responsibilities and to reduce the 

frequency of administrative error committed. 

    8-Managers and superintendents within organizations should address 

Communication needs. Systems for distributing information and data base management 

should be evaluated with feedback from managerial personnel. This was by far the most 

consistent attribute of concern between both groups over multiple surveys. 

    9-Focus on research and development in addition to interest the evolution of a 

development staff qualitatively because of its positive impact on the success of projects. 

 

9. FUTURE STUDIES 

    1-Prepare for future research to determine the critical success factors in the Specialized 

departments of institutions (Such as the Ministry of Oil Projects and the Ministry of 

Electricity). 

    2-Identify the critical success factors affecting the success of the construction companies in 

Iraq. 

    3- Identify the critical success factors affecting the success of the governmental 

organization in Iraq. 

    4-Preparation of studies to see the applicability of the requirements of (the ISO in 

construction) and sustainability requirements and specifications relating thereto as well as the 

principles of the (TQM) to see the difficulties facing the application and the benefits that we 

get it in the success of projects in Iraq. 
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Table 1 Respondent's background. 

Frequency (percentage) % Respondents 

 

71 

31 

911 

Gender 

Male 

Female 

 

44 

21 

96 

21 

Type of respondents position 

1. Project Manager 

2. Architecture 

3. Engineer 

5. Consultant 

 

73 

21 

6 

9 

Educational attainment 

B.Sc. 

High diploma 

M.Sc. 

Ph.D. 

 

33 

28 

35 

94 

Working experience 

6-10 years 

11-15 years 

16-20 years 

Above 20 years 

 

43 

21 

24 

93 

Engineering Specialization 

Civil 

Mechanic 

Electric 

Architectural 

 

Table 2. Statistical analysis of success factors. 

Item 
Success factors 

group 
Success factors Mean Sd. 

1 

P
ro

je
ct

 M
an

ag
em

en
t 

F
ac

to
rs

 

Training the HR. in the skill demanded by 

project 
3.94 0.910 

2 Constructability program  3.75 0.774 

3 Motivation/ Incentives Formal dispute 

resolution process 
2.01 0.887 

4 Risk identification and allocation 2.62 0.790 

5 Prior project management experience 3.14 0.785 

6 Control of sub-contractors‟ work  3.56 0.707 

7 Implementing an effective quality assurance 

program 
3.56 0.785 

8 Implementing an effective safety program 3.18 0.767 

9 Developing an appropriate organization 

structure 
2.90 1.134 

10 Top management support 4.16 0.833 

11 Decision making effectiveness 3.21 1.022 

12 Coordination effectiveness 3.16 1.100 
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Item 
Success factors 

group 
Success factors Mean Sd. 

13 

P
ro

je
ct

 

M
an

ag
em

en
t 

F
ac

to
rs

 

Planning effort  2.28 0.767 

14 Troubleshooting 3.13 0.833 

15 Feedback capabilities 3.16 1.134 

16 Control mechanism 3.53 1.255 

17 Communication system  3.16 1.165 

18 Formal dispute resolution process 3.01 1.118 

 Involvement of Stakeholders 3.14 0.950 

19 

P
ro

cu
re

m
en

t 
R

el
at

ed
 

F
ac

to
rs

 

Project delivery system (e.g. design-bid-

build, design build) 

3.1 1.177 

 Awarding bids to the right project 

manager/contractor 

3.74 1.077 

20 Project bidding method (e.g. price based 

competitive bidding, negotiated bidding, best 

value bidding) 

3.31 0.974 

21 Project contract mechanism (e.g. lump sum, 

unit price, cost plus, etc.) 

2.62 0.995 

 Comprehensive contract documentation 3.21 0.876 

22 

C
li

en
t 

R
el

at
ed

 F
ac

to
rs

 

Client‟s ability to define roles 3.18 0.775 

23 Client‟s ability to make decision 3.92 1.118 

24 Client‟s ability to brief  3.06 0.974 

25 Client‟s project management 2.28 0.887 

26 Client‟s emphasis of quick construction 2.62 0.785 

27 Client‟s emphasis on high quality of 

construction 

2.67 1.177 

28 Client‟s emphasis on low construction cost 3.56 0.774 

29 Owner‟s risk attitude (willingness to take 

risk) 

 0.707 

30 Timely decision by owner/ owner‟s 

representative 

2.90 0.887 

31 Owner‟s clear and precise definition of 

project scope & 

Objectives 

3.16 1.166 

32 Owner‟s construction sophistication 2.85 0.785 

33 Client‟s confidence in construction team  2.76 0.774 

34 Client‟s knowledge of construction project 

organization 
2.99 1.030 

35 Size of client‟s organization 3.53 1.166 

36 Nature of client (privately funded vs. 

publicly funded) 
3.18 0.887 

37 Client‟s experience 3.48 0.950 

38 Influence of client/ client‟s representative 3.05 1.177 

39 

D
es

ig
n
 

T
ea

m
-

R
el

at
ed

 

F
ac

to
rs

 Design team experience 4.05 0.876 

40 Project design complexity 2.99 1.177 

41 Mistakes/ delays in producing design 

documents 
4.09 0.974 
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42 Design team‟s contribution to construction 3.04 1.077 

43 Adequacy of plans and specifications 2.85 1.177 

44 

C
o
n
tr

ac
to

r-

R
el

at
ed

 F
ac

to
rs

 Contractor experience 4.11 0.775 

45 Speed of information flow 3.26 1.118 

46 Effectiveness of cost control system 3.05 1.165 

47 Contractor‟s cash flow 4.27 0.767 

48 Extent (Involvement) of Subcontracting 3.05 1.022 

49 Supervision  3.13 0.833 

50 Site and work management 3.95 1.100 

51 

P
ro

je
ct

 M
an

ag
er

 R
el

at
ed

 F
ac

to
rs

 

Construction control meetings 2.85 0.879 

52 Project manager‟s ability to delegate 

authority 
3.74 1.043 

53 Project manager‟s adaptability to changes in 

project Plan 
3.19 .984 

54 Project manager‟s early & continued 

involvement in project 
3.16 1.043 

55 Project manager‟s commitment to meet 

quality, cost &time 
3.04 .945 

56 Coordinating ability and rapport of project 

manager with owner/ owner representatives 

Motivating skills of project manager 

2.67 .661 

57 Coordinating ability and rapport of project 

manager with contractors/ subcontractors 
2.28 .773 

58 Organizing skills of project manager 3.56 .637 

59 Leadership skills of project manager  3.19 .595 

60 Technical capability of project manager 3.56 .550 

61 Project Manager‟s authority to take financial 

decision, selecting key team members, etc 
3.16 042 

62 Project Manager‟s authority to take day-to-

day decisions 

 

 

3.05 .581 

63 Project Manager‟s experience 4.27 .768 

64 Project Manager‟s competence 3.05 .754 

65 

B
u
si

n
es

s 
an

d
 W

o
rk

 

E
n
v
ir

o
n
m

en
t 

R
el

at
ed

 

F
ac

to
rs

 

 

Human Skill availability 3.26 1.060 

66 Technology availability 3.13 .550 

67 Adequacy of funding 3.08 .945 

68 Commitment of all parties to the project 3.01 .984 

69 Administrative approvals environment 3.26 1.043 

70 Industrial relations environment  3.05 .945 

72 Political environment  4.26 .773 

73 Social environment 4.90 .803 

item Success factors 

group 

Success factors 
mean Sd. 

74 

B
u

si
n

es
s 

an d
 

W o
rk

 

E
n

v
ir o
n

m
e

n
t 

R
el

at
e d
 

F
a

ct
o

rs
 Economic environment 4.16 .661 

75 level of technology advanced 2.85 .796 



Journal of Engineering         Volume    22   March  2016  Number 3 
 

 

943 
 

76 Availability of resources 

 

 

3.7 .515 

77 

P
ro

je
ct

 r
el

at
ed

 

fa
ct

o
rs

 

Human skill availability 3.56 .675 

78 Clear objectives 2.85 .661 

79 Project size  3.04 .614 

80 Project location 2.76 .683 

81 project complex 2.99 .614 

82 Project importance 3.16 .650 

83 Clear understanding of project environment 3.19 .803 

 

Table 3. Success factors reliability analysis. 

Cronbachʹs Alpha Cronbachʹs Alpha 

Based on Standardized 

Items 

N of Items 

.865 .873 83 

 

Table 4. Success factors KMO and Barlett‟s Test. 

Kaiser‐Meyer‐Olkin Measure of Sampling 

Adequacy. 

.575 

Bartlettʹs Test of 

Sphericity 
Approx. Chi‐Square 627.917 

Significant .017 

 

Table 5. Statistical analysis of failure factors. 

Item Failure factors Mean SD. 

1 Ineffective project planning and control  2.9 0.910 

2 underestimation of time and cost 4.04 0.887 

3 Poor monitoring and quality control by regulatory agencies 2.94 0.774 

4 Poor design capacity and the frequent design changes 4.44 0.790 

5 Lack of available skilled personnel and technical experts 3.29 0.785 

6 Vulnerability to and ravaging environmental degradation 

and devastation due to wrong location. 

2.85 0.833 

7 Designers and contractors inability to do the work 2.29 0.767 

8 Frequent changes and inconsistence in government policy 

and priority 

2.89 0.790 

9 Scarcity and lack of original materials requirement 3.06 1.134 

10 Prequalification procedure and corrupt government 

officials. 

2.96 1.022 

11 Colossal waste of resources in project implementation due 

to unacceptable design errors and mistakes 

3.04 0.833 

12 Project contract sum indirectly used to compensate political 

party big-wigs. 

3.28 0.767 

13 Youth restiveness, and land ownership disputes 3.19 1.022 

14 Litigations and court injunctions 3.15 1.100 

15 Inaccessibility and geo hazardous impassable terrain to the 3.09 1.165 
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project site 

16 Financial and administrative corruption 3.94 1.255 

17 Project scope creep with massive amount of change or 

variation orders 

3.16 0.775 

18 Capacity constraints in terms of construction equipment 2.50 0.974 

19 Mode of financing and payment for completed work 2.92 1.177 

21 Delay in approving major changes in the scope of work by 

consultant 

3.42 1.165 

22 Rework due to error by contractor 3.32 1.100 

23 Delay due to sub-contractor work 3.24 0.833 

24 Inadequate experience of consultant 3.65 0.767 

25 Financial difficulties of contractor 4.57 0.785 

26 Changes in government regulations and laws 2.21 1.022 

27 Delays in producing design documents 3.30 1.100 

29 Delaying delivering the site to consultant and contractor 2.67 1.022 

30 Financial difficulties of owner (Delays in progress 

payments by owner) 

4.32 1.100 

31 Delay in material delivery from the supplier 3.26 1.165 

32 Frequent equipment breakdown 2.90 0.833 

33 Delay from obtaining sanctions from various authorities 3.30 1.134 

34 Inadequate legal framework 2.58 0.785 

35 Lack of capable owners Improper planning and Scheduling 2.57 0.790 

36 Insufficient data collection and Survey before design 3.24 1.177 

37 Obsolete or unsuitable construction methods 3.5 0.807 

38 Poor site management and supervision 2.2 1.028 

39 Incompetence of project team 4.17 0.967 

40 Shortage of manpower (skilled, semi-skilled, unskilled 

labor) 

3.74 0.774 

41 Slow payment of completed works 2.5 1.030 

42 Bureaucratic administrative system 3.4 0.774 

43 Lack of accurate historical information 3.0 1.177 

44 Interest and inflation rates  2.94 0.876 

Table 6. Failure factors Reliability analysis. 

Cronbachʹs Alpha 

Cronbachʹs Alpha 

Based on Standardized 

Items 

 

N of Items 

.795 .642 44 

 

Table 7. Failure factors KMO and Barlett‟s Test. 

Kaiser‐Meyer‐Olkin Measure of Sampling 

Adequacy. 
.743 

Bartlettʹs Test of 

Sphericity 

Approx. Chi‐Square 942.43 

Significant .054 
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Table 8. Statistical analysis of Success criteria. 

Item Success criteria Mean SD 

1 Complete within time period  4.52 .848 

2 Sales of the product  2.58 .768 

3 Developer‐contractor relation  3.5 .754 

4 Project safety  4.1 .581 

5 Improvement of the management  3.61 1.119 

6 Durability  3.5 1.060 

7 Complete within allocated budget  4.75 042 

8 Developer's reputation  3.4 .550 

9 Sustainability  4.42 .754 

10 Life cycle cost  3.3 1.119 

11 Experience/Knowledge gain from the project 4.14 .637 

12 Personnel training  2.58 .595 

13 Environmental effect  2.75 .570 

14 Company growth 2.57 .654 

15 Quality  4.24 .791 

16 Capital gain 3.27 .984 

17 Project profitability 3.05 1.043 

18 Customer's Satisfaction   3.68 .945 

19 Customer's confidence on the product of the company 3.53 .803 

20 Stakeholders' satisfaction 2.62 .773 

21 Project management process 3.19 .661 

22 Team creativity 3.04 .946 

23 Meeting the regulatory requirements of the new product 2.85 .963 

24 Financial 3.56 .945 

25 Competency gains 3.77 .850 

26 Meeting the market shares 2.85 .930 

27 Direct and business success 2.99 .570 

28 Impact on the customer 3.43 .637 

29 Utility 3.48 042 

30 Operation 3.00 1.119 

31 technical success 3.95 .581 

32 Efficiency 3.26 1.042 

33 performance 2.85 .595 

 

Table 9. Success criteria reliability analysis. 

Cronbachʹs Alpha 

Cronbachʹs Alpha 

Based on Standardized 

Items 

No. of Items 

.78 .873 33 
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Table 10. Success criteria KMO and Barlett‟s Test. 

Kaiser‐Meyer‐Olkin Measure of Sampling 

Adequacy. 

.651 

Bartlettʹs Test of 

Sphericity 
Approx. Chi‐Square 742.31 

Significant .012 

 

Table 11. Critical success factors and its relative weights.  

Item Critical success factors Weight% Group 

1 Contractor‟s cash flow   12.48 Contractor  factors 

2 Political ,security and economical 

stable environment 

11.89 External environment factors 

3 Project manager‟s experience   10.7 Project manager  factors 

4 Contractor experience  10.3 Contractor-related  

5 Top management support 9.85 Project management factors 

Item Success factors  weight group 

6 Mistakes/ delays in producing design 

documents 

9.3 Design team related factors 

7 Site and work management  8.15 Contractor-related Factors 

8 Client‟s ability to make decision  6.32 Client-related Factors. 

9 Awarding bids to the right project 

manager/contractor 

6.1 Procurement related factors 

10 Design team experience 5.84 Design team related factors 

11 Project manager‟s authority to take 

day-to-day decisions 

4.7 Project manager  factors 

12 Availability of resources 4.3 External environment factors 

 

Table 12. Success criteria and its relative weights.  

Item Success criteria Weight% item Success criteria Weight% 

1 Complete within allocated 

budget  

 

14.3 6 Project safety  

 

9.54 

2 Complete within time period  13.02 7 technical success 8.75 

3 Sustainability  10.85 8 Competency gains 8.34 

4 Quality  

 

10.15 9 Customer's 

Satisfaction   

7.85 

5 Experience/Knowledge gain 

from the project 

9.74 10 Improvement of the 

management 

7.55 
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Table 13. Critical failure factors and its relative weights.  

Item Critical failure factors Weight 

% 

1 Financial difficulties of contractor `````````` 

2 Poor design capacity and the frequent design changes 10.1 

3 Financial difficulties of owner (delays in progress payments 

by owner) 

8.4 

4 Incompetence of project team 8.2 

5 underestimation of time and cost 7.75 

6 Financial and administrative corruption 6.75 

7 Shortage of manpower (skilled, semi-skilled, unskilled 

labor) 

6.45 

8 Insufficient data collection and survey before design 6.45 

9 Inadequate experience of consultant 5.86 

10 Delay in approving major changes in the scope of work by 

consultant 

5.7 
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ABSTRACT 

In this paper, the effect of wear in the fluid film journal bearings on the dynamic stability of 

rotor bearing system has been studied depending on the development of new analytical equations 

for motion, instability threshold speed and steady state harmonic response for rotor with offset 

disc supported by worn journal bearings. Finite element method had been used for modeling the 

rotor bearing system. The analytical model is verified by comparing its results with that obtained 

numerically for a rotor supported on the short bearings. The analytical and numerical results 

showed good agreement with about 8.5% percentage error in the value of critical speed and 

about 3.5% percentage error in the value of harmonic response. The results obtained show that 

the wear in journal bearing decrease the instability threshold speed by 2.5% for wear depth 0.02 

mm and 12.5% for wear depth 0.04 mm as well as decrease critical speed by 4.2% and steady 

state harmonic response amplitude by 4.3% for wear depth 0.02 mm and decrease the critical 

speed by 7.1% and steady state harmonic response amplitude by 13.9% for wear depth 0.04 mm. 

 

Key words: rotor, journal bearing, wear, instability, critical speed,  

 

 مقآكلتكااستي تحميل  ىود بواستطتمس ذوايل ذةىاميكيت والساعت الحاجتال ستقراايةتالا تحليل

 
 سيه عليعذوان واجي جميل                                                                                                  احمذ عبذ الح                 

 مساعذاسخار                                                                                                                  اسخار                         

 جامعت بغذاد –كليت الهنذست                         جامعت بغذاد                                                                 –كليت الهنذست            

 طايق محمذ حمزة                                                

 طالب دكخىساه                                                        

  جامعت بغذاد –كليت الهنذست 

                             

 الخلاصت

 

ألذيناميكي  سخقشاسعلى ألاالخزييج الهيذسوديناميكي راث  المقعذيت  دساست حؤثيش ألخآكل في كشاسي ألخحميل في هزا البحث  حم

للحشكت واللااسخقشاسيت والاسخجابت   مخاكلت بالاعخماد على حطىيش معادلاث جذيذة ححميلاسي كشلمحىس دواس يسخنذ على 

حم مقاسنت النخائج النظشيت والعذديت لمحىس دواس  .غيش مخمشكز في الىسطدواس مع قشص الخىافقيت في حالت الاسخقشاس لمحىس 

% بالنسبت للسشعت 1.8اظهشث النخائج الخحليليت والعذديت حطابقا جيذا مع نسبت خطا بحذود مسخنذ على كشاسي ححميل قصيشة. 

بنسبت  ل في كشاسي الخحميل يقلل سشعت اللااسخقشاسيت. أظهشث النخائج ان الخآك% بالنسبت للاسخجابت الخىافقيت5.8الحشجت و 

 % 4.5بنسبت  ويقلل كزلك السشعت الحشجتملم  4...% لحالت الخاكل بعمق 85.8ملم و بنسبت  5...% لحالت الخاكل بعمق 5.8

السشعت ملم فان  4...اما لحالت الخاكل بعمق ملم  5...% لحالت الخاكل بعمق 4.5بنسبت  العظمىوسعت الاسخجابت الخىافقيت 

 .%85.1بنسبت  العظمىوسعت الاسخجابت الخىافقيت  % 1.8حنخفض بنسبت   الحشجت

 كشسي ححميل, الخآكل, اللااسخقشاسيت, السشعت الحشجت ,ألذواسالكلماث ألائيسيت : 

mailto:adnanaji2004@yahoo.co
mailto:ahmedrobot65@yahoo.com
mailto:gensettariq@yahoo.com


Journal of Engineering         Volume    22   March  2016  Number 3 
 

 

841 
 

1. INTRODUCTION 

        Hydrodynamic fluid film journal bearings are frequently used in applications requiring high 

loads and high speeds. They usually exhibit lower friction and more damping compared to ball 

bearings. Hydrodynamic bearings, however, are susceptible to self excited instability known as 

oil whirl giving rise to large amplitude lateral vibrations and possibly a early wear. The 

prediction of the instability boundaries is an important step in the dynamic analysis of 

hydrodynamic bearings. Also the instability is of particular importance to the manufacturers and 

users of modern turbomachinery particularly with the present tend towards high speed and 

loading conditions.  
 Gunter, 1971, presented a survey of the various mechanisms that cause instability in rotor 

bearing system and the stability data on plain and multilobed journal bearings. He shows the 

effect of unbalance and external loading on the nonlinear rotor whirl .Lund, 1975, presented a 

method for calculating the threshold speed of instability and the damped critical speeds of a 

general flexible rotor in fluid film journal bearings. Chauvin, 2003, experimentally investigated 

the effect of lubricant temperature on the presence of whirl instability in journal bearings. 

Lubricant temperature, bearing temperature, frequency and amplitude of vibration, and rotational 

speed are monitored and analyzed in relation to presence of whirl instability. Alsaeed, 2005, 

studied the dynamic stability of an automotive turbocharger rotor-bearing system using both 

linear and nonlinear analyses. Several different hydrodynamic journal bearings were employed 

in the study of the turbocharger linearized dynamic stability. Mancilla, et al., 2005, presented 

new closed-form expressions for calculating the linear stability thresholds for rigid and flexible 

Jeffcott systems and the imbalance response for a rotor supported on a hybrid bearing. Tuma 

and Bilos, 2007, studied the instability of the rotor vibration in a journal bearing due to the oil 

whirl, they found that oil induced vibration, occurs when the rotor rotation speed crosses a 

certain threshold speed. Miranda and Faria, 2014, Presented a finite element procedure to perform the 

eigenvalue analysis of damped gyroscopic systems, represented by flexible rotors supported on fluid film journal 

bearings. 

The present work focuses on the stability and unbalance response prediction for asymmetric 

rotor supported by two asymmetric fluid film bearings and one of them is worn    

 

2. EQUATION OF MOTION OF ROTOR WITH NON CENTRAL DISK SUPORTED 

ON TWO ASYMMETRIC JOURNAL BEARINGS 

        For a one-mass flexible rotor with non central rigid disc (a ≠ b in this study) supported by 

two asymmetric bearings as shown in the Fig 1. A new equation of motion can be driven with 

the following assumptions  

1- Small motion about equilibrium position of rotor bearing system 

2- The difference between the eccentricity ratios of the two bearing is very small therefore it 

can be neglected. 

3- Neglect the elastic coupling , the coupling between displacement and rotation because it 

has small effect on the system frequency , Michael, et al., 2010  

        There are three reference points were taken into consideration they were the journal’s 

center, the bearings’ center, and the rotor’s center (which is located at the point of disc center). 

The first two equations of motion are found. Rao, 1996. 

  ̈   (     )             and    ̈                                             (1)                                                                                                                            

                                         

Where the notation of      and      are the location of the rotor center,      and      are the 

location of the journal center and the terms (                       are the unbalance 
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forces due to unbalance mass in the x and y directions respectively The second two equations of 

motion are found by summing the forces on the fluid film journal bearing for a stable condition. 

 

 (     )            and    (     )                                                                     (2) 

                                                                                                                                                                                                                           

       Where, subscript (1) and (2) are refer to bearing one and bearing two respectively, K is 

stiffness of shaft ,     ,      are the reaction forces of the bearing one and two  in the  x- 

direction and         are the reaction forces of the bearing  one  and  two  in the  y- direction 

and the shaft damping is ignored because it has no effect on the unbalance response Rao , 1996. 

Also, the forces developed in the lubricating oil film of the bearings are 
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Substitute Eq. (3) and Eq. (4) into Eq. (2) get             
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-   (5)                                                                                       

Where  

M, is the mass of the rotor with offset disk and K the stiffness of the shaft with offset disk 

     
     

    . , Chen, et al., 2007, 

   Above equations represent new equations of motion for rotor supported on asymmetric fluid 

film journal bearings (Asymmetry is a result of unequal load of bearings)  

 

3. CRITICAL SPEED 

       Critical speeds are commonly defined as the rotational speeds at which vibration due to rotor 

unbalance is a local maximum. Lee, 1993. The critical speed of rotor supported on the fluid film 

journal bearings cannot be defined as in the case of a rigid bearing rotor, because the stiffness 

coefficients are functions of the speed of rotor. Consequently, it is always better to study the out- 

of- balance (unbalance) response to locate the critical speeds, Rao, 1996. 

      There are many types excitation forces that are encountered often in the rotating machinery, 

the mass unbalance is the most common source of excitation in the rotor bearing systems. The 

imbalance excitation is a harmonic excitation, which has an excitation frequency coincident with 

the rotor spin speed (rotational speed).  

To find the critical speed, the harmonic steady state response due to unbalance mass can be 

calculated at disk location where the maximum response occurs and therefore the critical speed 

will be the rotor speed at the maximum response, Rao , 1996.. For harmonic motion Eq. (5) 

becomes 

[
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+ ,
  

  
-                                      (6) 

Where                     ̇                                   ̇                     
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                     (         )     (         )     (         )        

     (         )                        (         )      (         )                                                                                                        

Eq. (6) can be rearranged as following 

 

[
                    

                    
] ,
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]                                                                (7) 

                     

Solve Eq. (6) to find    and,    In terms of   ,    , yields 

 

   
 [(           )   (         )  ]

             (           ) (         )(         )
                                                             (8) 

 

   
 [                (         )  ]

             (           ) (         )(         )
                                                             (9) 

Substitute Eq. (8) and Eq. (9) in Eq. (1) get 

  ̈                                                                                                             
                                                                                                                                                     (10)  

  ̈                                                                                                            

Where  
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The solution of Eq. (10) can be directly written as following, Rao, 2011 

     
        

         ,      
        

                                                                        (11)                                                                                                                                             

Where    
   and    

   are the whirl radius of the forward precession components which are in the  

same direction of the rotor rotational speed while   
   and     

  are that of the backward 

precession components which are in the opposite direction of the rotor spin speed. 

Substitute Eq. (11) in Eq. (10) yields 
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The out of balance response (unbalance response) can be written as following, Rao, 1996 

  
      

 
                                                                                                                                    (14) 

Substitute Eq. (12) and Eq. (13) in the Eq. (11) then substitute the resultant equation in the Eq. 

(14) get the a new equation for harmonic response of rotor supported by asymmetric bearings  
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Where    and     are the forward and backward components of unbalance response Childs, 1993. 

The major and minor radii of the elliptic orbit of rotor at disk are 

 

| |    |  |  |  |  | |    |  |  |  |                                                                                   (16)                                                    

 

The critical speed of the rotor supported by a symmetric journal bearings is the rotor speed when 

the maximum harmonic response at disk is equal to,  | |   . 

 

 4. INSTABILITY THRESHOLD SPEED 

The following forms can be assumed as a solution to the Eq.  (1) and Eq.  (5) Kramer, 1993.  

                                    ,                                                                                  (17) 

                                                                                                                                                                                                                                                                                 

  (The variable   is the eigenvalue term)  Substituting Eq. (17) into Eq. (1) and Eq. (5) and put 

unbalance forces equal to zero for free vibration yields, 

 

  
               and         

                                                                     (18)                                                                                                                                                                                                                       

                                                                                                 (19) 

                                                                                                (20)                                                                                                                                                    

The above system has four equations with four unknown constants. Putting these equations in 

matrix form and taking the determinant of the matrix and setting it equal to zero produces the 

values of A, B, C and D (the four unknowns) as following. 
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The determinant of the matrix leads to the characteristic equation and when equating it to zero 

we get the non trivial solution. Making the characteristic equation dimensionless at this point 

will produce results of a general form. The dimensionless variables used to solve this problem 

are 

 ̅   
 

  
            ̅   

  

  
          ̅   √

 

 
              ̅   √

 

 
                                                         

The dimensionless characteristic equation will be as following. 

  

 ̅ 
 ̅  

  

 ̅
 ̅       

   

 ̅ 
  ̅  

  

 ̅
 ̅  (    

   

 ̅ )  ̅  
  

 ̅
 ̅+                   (22)                       

Where  

 

   ( ̅     ̅   )( ̅     ̅   )    ̅     ̅    ( ̅     ̅   )  
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             ̅( ̅     ̅   )     ̅     ̅    ( ̅     ̅   )  ( ̅     ̅   )  ̅     ̅     

    ( ̅     ̅   )( ̅     ̅   )    ̅     ̅    ( ̅     ̅   )   ̅  ̅     ̅     

                ̅(         )   ̅   

 

      ̅{( ̅      ̅   )( ̅     ̅   )    ̅     ̅    ( ̅     ̅   )}  

 

     ̅{ ( ̅     ̅   )( ̅     ̅   )   ( ̅     ̅   )( ̅     ̅   )    ̅  ̅     ̅      

                 ̅( ̅     ̅   )   ̅     ̅    ( ̅      ̅   )   ( ̅     ̅   )  ̅     ̅    }                 

      ̅( ̅     ̅   )( ̅     ̅   )    ̅  ̅     ̅    ( ̅     ̅   )   ̅   ̅    

              ̅      ̅ ( ̅     ̅   )  

     ̅ {( ̅     ̅   )( ̅     ̅   )    ̅     ̅    ( ̅     ̅   )}  

    ̅ ( ̅     ̅   )( ̅     ̅   )   ̅ ( ̅     ̅   )( ̅     ̅   )   ̅   ̅    

           ̅    ( ̅     ̅   )   ̅ ( ̅     ̅   )  ̅     ̅      

    ̅ ( ̅     ̅   )( ̅     ̅   )   ̅   ̅     ̅    ( ̅     ̅   ) 

 

The dynamic coefficients for worn and intact journal bearings are taken from, Jameel et al., 

2015. 

To find a solution to the Eq. (22), firstly  ̅ must be found. The general form of  ̅ is a complex 

form. It may be written as     

                   ̅                                                                                

Where (m) and ( ) are the real and imaginary parts of the eigenvalue respectively. Observe that 

the equation of motion has the following form of a solution 

                                                                                 
If the real part of the eigenvalue is positive, then x goes to infinity, and if the real part is 

negative, then x goes to negative infinity. So for the rotor to be at a state that neither declines nor 
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inclines, (m) must be equal to zero. Thus, real part (m) equal zero is a major stability limit 

(threshold) criteria and the eigenvalue takes the following form 

                                ̅                                                               
The dimensionless new characteristic equation can be rewritten just a function of the eigenvalue 

as following 

 
  

 ̅
  

   
  

 ̅
   (    

   

 ̅
 )     

  

 ̅
    (    

   

 ̅
 )     

  

 ̅
                            (23)       

Since the characteristic equation, Eq. (23), equal zero, then the real part and the imaginary part 

must equal zero. Thus, there are two equations can be made as following. 

 

 
  

 ̅
  

  (    
   

 ̅
 )    (    

   

 ̅
 )                                                                        (24) 

 

 
  

 ̅
    

  

 ̅
    

  

 ̅
                                                                                                            (25) 

 

Eq. (25) represents the imaginary part of the characteristic equation and it has the following 

solution. 

 

   
   √            

   
                                                                                                                (26) 

 

Since the two solutions of Eq. (26) satisfy the imaginary part of the characteristic equation, 

substitute the value of (  ) into the real part of the characteristic equation, Eq. (24), and solve it 

for the dimensionless speed. 

The dimensionless speed has two results one of them is usually near zero. While another gives a 

logical value. So only the second is valid. This value is known as the instability threshold speed. 

 

         ̅   √
                

              
                                                                                                    (27) 

The instability threshold speed can be rewritten in term of Sommerfeld Number as following  

 

         ̅     
     

     √
                

              
                                                                                      (28) 

    

5.  ROTOR BEARING SYSTEM ANALYSIS USING ANSYS 

      3-D Solid model rotor bearing system gives more accurate results than in the case of one 

dimensional beam model as well as there are many advantages in adopting this model Rao and 

Sreenivas, 2003. Therefore it is used in this work; Solid187 element (4452 elements) has been 

used to model shaft and disk as shown in the Fig.2. (a), as well as COMBI214 element used to 

model journal bearing. All steps to model rotor bearing system can be found with details in 

ANSYS Guide, 2012. The eight dynamic coefficients of journal bearing are depending on the 

rotational speed therefore when these coefficients represent in ANSYS must be changed with 

rotor speed. The dimensions of rotor and bearings which used in this work are shown in Fig.2. 

(b), and Table.1.  
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6. RESULTS AND DISCUSSION  

6.1 Effect of Wear on the Steady State Harmonic Response Amplitude and Critical Speed   

       . The present analytical has been validated with Rao, 1996. It is observed well agreement as 

shown in the Fig.3. Different combinations of dynamic coefficients have been studied separately 

to observe their effect on the harmonic response and critical speed. All results compared with 

case when all dynamic coefficients used in analysis Fig.4.a. Ignoring damping of journal 

bearings led to decreasing harmonic response and critical speed in the case of non-worn and 

worn journal bearing but the decreasing in the harmonic response higher in the case of non-worn 

Compared with the case of worn journal bearing as well as the harmonic response amplitude in 

the case of wear depth 0.04 mm becomes higher than in the case of wear depth 0.02 mm about 

3.6%  as shown in the Fig .4.b.ignoring cross coupled damping in bearings led to Slight decrease 

in the response amplitude and critical speed as shown in the Fig.4.c. Neglected direct damping in 

the bearings showed that increasing in the response amplitude and decreasing in the critical 

speed as shown in the Fig.4.d.Neglected the cross coupled stiffness led to increasing in the 

response amplitude and critical speed for all cases (worn and non-worn) as shown in the Fig.5.a. 

The last case when the cross coupled damping coefficients have been neglected led to increasing 

in the response amplitude and critical speed but the increase in the response amplitude and 

critical speed in the state of wear depth 0.04 mm higher than in the state of wear depth 0.02 mm 

by about 6.6% because the cross coupled damping coefficients in the case of wear depth 0.04 

mm greater than in the case of 0.02 mm and when neglected it led to this state see Fig.5.b. In the 

Fig.6, Fig.7 and F.g.8, all dynamic coefficients combinations have been plotted together showed 

that the major effect on the steady state harmonic response and critical speed is to the cross 

coupling stiffness and when neglected it led to increase in the response amplitude by 23% and 

critical speed by 7% because the cross coupled stiffness increasing with the increase in the rotor 

speed. The rotor orbit has been plotted as shown in the Fig.9 for different rotational speed 

whereas the real value of Eq.(15) represent the x- coordinate of orbit and imaginary value of 

Eq.(15) represent the y- coordinate of orbit . The orbit radii increasing with the increase in rotor 

speed and with wear depth at the maximum response amplitude. The shape of rotor orbit 

approaching the shape of the circle at 9000 rpm because the eccentricity ratio becomes very 

small and real and imagery value of Eq. (15) become approximately equal for non-worn and 

worn journal bearing. Verification were done between analytical and numerical using ANSYS 

showed good agreement with error percentage about 8.5% for critical speed and about 3.5% 

error percentage for harmonic response as shown in the Figs.10. 11 and 12 and Table.2. 

          

6.2 Effect of Wear on the Instability Threshold Speed 

      The stability threshold speed represents the important parameter in the rotor dynamic for 

designers and operators. The stability decreasing with increase in the wear depth when the 

Sommerfeld number more than one as shown in the Fig.13.d, because the dynamic coefficients 

decreasing with increase in the rotor speed for worn journal bearing when compared with the 

dynamic coefficients of non worn bearing except for direct stiffness in the y-direction Jameel et 

al., 2015, also the cross coupled stiffness has little effect on the stability threshold speed for 

worn and non-worn journal bearing as shown in the Figs.13.a, 13.b and 13.d. 

7. CONCLUSIONS  

1. Wear in journal bearing is generally decreasing the steady state harmonic response 

amplitude by 4.3% and critical speed by 4.2% for wear depth 0.02 mm and decreasing 

the steady state harmonic response amplitude by 13.9% and critical speed by 7.1% for 

wear depth 0.04 mm 
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2. Increase in wear depth lead to decrease the orbit dimension at speed near critical speed by 

the same percentage of harmonic response in the first conclusion. 

3. Orbit shape approaching the shape of the circle at high speed greater than critical speed. 

4. The wear in journal bearing decrease the instability threshold speed by 2.5% for wear 

depth 0.02 mm and 12.5% for wear depth 0.04 mm  

5. Increasing in the wear depth in journal bearing increases damping in rotor bearing system 

but decreasing the stability of system. 
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NOMENCLATURE 

 

Cd = direct damping, Ns/m 

Cc = cross coupled damping, Ns/m 

c = radial clearance, m 

E = modulus of elasticity, N/m
2 

    ,      = reaction forces of the bearing one and two in the x- direction, N 

          = reaction forces of the bearing one and two in the y- direction, N 

K = stiffness of rotor, N/m 

Kd = direct stiffness, N/m 

Kc = cross coupled stiffness, N/m 

L = bearing length, m 

M = rotor mass, Kg 

   ,     = forward and backward components of unbalance response respectively, m 

R = journal radius, m 

     ,      = location of the rotor center  

     ,      = location of the journal center  

u = mass eccentricity, m 

             pa s 

  = rotational speed of rotor, rad/s 

 ̅   = dimensionless instability threshold speed 

 ,   ̅    eigenvalue term and dimensionless eigenvalue term  
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Figure 1. Rotor supported on the fluid film journal bearings. 

 

 

  Figure 2. (a) Ansys rotor model (b) Mechanical drawing of present rotor bearing system. 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 3. Steady state harmonic unbalance response. 
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                                 (c)                                                                                  (d) 

Figure 4. Effect of wear in journal bearing on the harmonic response of rotor bearing system (a): 

Using all coefficients, (b): Ignoring damping, (c): Ignoring cross coupled damping, (d): Ignoring 

direct damping. 
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Figure 5. Effect of wear in journal bearing on the harmonic response of rotor bearing system (a): 

Ignoring cross coupled stiffness, (b): Ignoring cross coupled stiffness and damping. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Harmonic unbalance response of rotor bearing system with different combinations of 

stiffnesses and damping of non-worn journal bearing. 
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Figure 7. Harmonic unbalance response of rotor bearing system with different combinations of 

stiffnesses and damping of worn journal bearing ,wear depth = 0.02 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Harmonic unbalance response of rotor bearing system with different combinations of 

stiffnesses and damping of worn journal bearing ,wear depth = 0.04 mm. 
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Figure 9. Effect of wear depth in journal bearing on the rotor whirl orbit at disk center, (a) At 

3000 rpm, (b) At 5000 rpm, (c) At 7000 rpm and (d) At 9000 rpm. 
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Figure 10. Steady state harmonic response of rotor mounted on non-worn fluid film journal 

bearing with different combinations of dynamic coefficients (ANSYS). 
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Figure 11. Steady state harmonic response of rotor mounted on worn fluid film journal bearing 

(wear depth = 0.02 mm) with different combinations of dynamic coefficients (ANSYS).  
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Figure 12. Steady state harmonic response of rotor mounted on worn fluid film journal bearing (wear depth = 0.04 

mm) with different combinations of dynamic coefficients (ANSYS). 
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Figure 13. Instability threshold speed (a) Non-worn journal bearing, (b) Wear depth = 0.02 mm, 

(c) Wear depth = 0.04mm, (d) Comparison between three cases. 
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Table 1. Shows rotor dimensions and material properties and lubricant oil specifications. 

 

 

 

Table 2. Effect of wear depth in the fluid film journal bearing on the steady state harmonic 

response amplitude and critical speed of rotor mounted on worn fluid film journal bearing.  
 

Shaft 

length 

m 

Shaft 

diam. 

m 

Disc 

diam. 

m 

Disc 

thickness 

m 

Modulus 

of 

elasticity 

pa 

Shaft and 

disk 

density 

Kg/m
3 

Lubricant 

oil 

viscosity 

Pa s 

Unbalance 

force 

Kg - m 

o.654 0.048 0.34 0.02 2.1x10
11 

7850 0.032 0.323x10
-3 

Wear 

Depth 

mm 

Analytical ANSYS 
% Error 

Max 

Response 

Amplitude  

m 

Critical 

Speed 

rpm 

Max 

Response 

Amplitude  

m  

Critical 

Speed 

rpm 

Critical 

Speed 

Response 

Amplitude 

0 3.22 x 10-5 7000 3.182 x 10-5 6400 8.5 1.18 

0.02 3.08 x 10-5 6700 2.983 x 10-5 6100 8.9 3.14 

0.04 2.77 x 10-5 6500 2.873 x 10-5 5950 8.4 3.58 
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 في عمارة الاهوار التقميدية ةالإنشائيالكفاءة 
 د. أسامة عبد المنعم خريبطم.

 قسـ ىندسة العمارة 
 جامعة بغدادكمية اليندسة / 

 

 الخلاصة
 تووملاءم توومقياس لديموم منشأأي نجاح  معاييرأىـ  إحدىفي العمارة بشكؿ عاـ  الإنشائيةتعد الكفاءة 
جتماعية ،واقتصادية ،وبيئية ،وما تمتمكو مف مقومات مكانية الأىوارونظراً لأىمية بيئة عبر الزماف والمكاف،  كاف  ،وا 

نشائية مميزة ليا الذي شكؿ الليا الأثر البارز في خمؽ أنماط العمارة ب صفات ال امتمكت العديد مفخمؽ بيئة معمارية وا 
اليدؼ  تعد الإنساف وبيئتو مف منطمؽ إف ساىمت في ديمومتيا وحافظت عمى كيانيا عبر السنيف، التي مقوماتالو 

 لأدبياتا ثية المتمثمة في قمة وضوحالمشكمة البحبالتالي ظيرت  ،والبقاء لمديمومةي ينحى معمار  نمطي لأ يالأساس
الطروحات  بالرغـ مف كثرةف ،الإنشائيةمكفاءة ل هافي تحقيق الأهوارالأنماط المعمارية في  دورل السابقة في طرحها

 جوانب الإنشائيةلم في التطرؽ الشموليةقمة بعدـ الوضوح و  إتسمت إنيا إلا الأىوارلت عمارة التي تناو  والدراسات
الأىوار  لات عمارةيتشك التقنيات المستخدمة فيتأثير  الكشؼ عف طبيعةفي ىدؼ البحث  تركزبالتالي  ،والتقنية
، وحتى التعبيرية منيا ،والاقتصادية ،والمادية ،التقنية جوانبيامختمؼ مف  الإنشائيةالكفاءة  إلىفي الوصوؿ  التقميدية
بالشكؿ الذي  مف خصائص ومقوماتتمؾ العمارة بما امتمكتو لمكفاءة الإنشائية  عمارة الأىوار التقميديةتحقيؽ  اً مفترض

نموذج العمارة التقميدية في لإ ة التحميميةأعتمد البحث إسموب الدراس وقد .ديمومة أنماطيا عبر الزمفساىـ في 
 المصمـتعميؽ فيـ  إلىييدؼ  المفردات بشكؿ شموليدراسة ىذه حيث إف  ،تمؾ الأىداؼ إلىلموصوؿ الأىوار 

بؿ  البعض،لمتطمبات كؿ مكوف بغرض تحقيؽ تزاوجيا وتكامميا معا. فيذه المكونات يجب ألا تتعارض مع بعضيا 
  .مف الوجية المعمارية يجب أف تتكامؿ أثناء وبعد العممية التصميمية حتى يخرج العمؿ مبدعاً 

  الإنشائي.التكامل  –الجوانب التقنية والمادية  –الإنشائية  الكفاءة-الأهوارعمارة  :الرئيسيةالكممات 
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Constructional Efficiency in Al_Ahwaar Traditional Architecture 
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ABSTRACT 

Constructional Efficiency in architecture in general is one of the most important 

standard success for any structure and a measure of its continuity and relevance across 

time and space. Given the importance of Al-Ahwaar environment that owned the spatial, 

environmental, economic and social elements had a prominent impact in creation of 

architecture patterns form to create special architectural and structural environment, 

which had many qualities and ingredients that contributed to its continuity and existence 

over the years. From the premise that man and his environment is the main goal to any 

architectural style, 
Thus the research problem focusing on the lack of clarity of the previous 

literatures in its studies for the role of architectural styles in Al-Ahwaar in achieving 

constructional efficiency, despite the large number of studies on Al-Ahwaar architecture 

but it is mostly marked by non-clarity and lack in the constructional and technical 

aspects, 

Therefore, the research goal focusing on clarification of the impact of the 

techniques that used in formations Al_Ahwaar traditional architecture in order to reach to 

the constructional efficiency in various aspects such as technical, material, economical, 

and expressional. Assuming that achieving to the constructional efficiency at Al-Ahwaar 

traditional architecture depends on its characteristics and elements that contributed to the 

continuity of their patterns across time.  
The research depended on analytical method of a model of traditional architecture in Al-

Ahwaar to reach those goals, as the study of these items aims to deepen the 

understanding of the designer to the requirements of each component in order to achieve 

integration together. These components must not conflict with each other, but it must be 

integrated during and after the design process until it comes out as a creative of 

architectural destination.  

 
 Keywords: al-ahwaar architecture, constructional efficiency, technical and 

material aspects, constructional integration. 
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 المقدمة
الإنشاء  حيث يكوف ،الاتزاف عف طريؽ صورة معينةيتحقؽ فيو يسمكو المبنى  يالنظاـ الذىو الإنشاء  يُعد

 في الأساسيغرض فضلًا عف ال اً المكونة لممبنى لغرض بقاء الشكؿ متزنالأجزاء تتجمع فيو  يالترتيب والنظاـ الذ ىو
وضماف بقاء الأحماؿ ىو نظاـ لمقاومة الإنشاء ف إ أي ،الأرضإلى يتعرض ليا المنشأ ونقميا  أحماؿ أيمقاومة 

 .مف العممية التصميمية المادييو الجانب ف اً الشكؿ متزن
 متنوعة مما يتوفر في أوليةمواد ، المختمفة" حؿ حضارتورام في" عمارتولبناء الإنساف العراقي ولقد استخدـ 

لذلؾ يجب وضع  ،ىو الإنساف وبيئتو يلمعمؿ المعمار  ياليدؼ الأساسوبما أف  ،وطابوؽ ،قصب أو ،حجارة بيئتو مف
ىو أف يحقؽ للإنساف المنظومة  الميـ الجزءات العمارة المتكاممة. ويكوف الإنساف واحتياجاتو البيئية كأوؿ وأىـ مكون

بغية الوصوؿ  مف نواحي الإنشاء والوظيفة والاقتصادزمة لراحتو والمحققة لكفاءة أداء العمؿ لاية والفراغية الئالبي
لخمؽ الفراغات محمياً مناسبة التكنولوجيا الوالمتمثؿ ب الإنشائيللإبداع  الأخر ومف ثـ نصؿ لمجزء. يللإبداع الماد
التي تقرر الخواص والسمات  إبداعيةالكفاءة سواءً كانت  إنجاز معماري في أيلكفاءة ابالتالي تبرز أىمية المطموبة. 

الكفاءة إدارية والتي تقرر شكؿ تمؾ أو تكوف المقارنة مع الحموؿ المتوفرة والسعي لإطلاقيا.  عف طريؽالمبدئية لمعمؿ 
 بيف المصمـ والمنفذ. والإداريةتجميع العلاقات الاقتصادية 

الرغـ مف استخداـ  فعمى ،ؽ عمى شكؿ الصورة المعمارية لموحدة البنائيةراجنوب العأبنية في  الأوليةالمواد  تلذلؾ أثر  
 أبنيتيـمقصب في تشييد أىؿ جنوب العراؽ لفقد ظؿ استخداـ  والأسوارالخاصة بالمعابد  الأبنيةالطابوؽ والمبف في 

 عف طريؽاقية حتى اليوـ ر العربية الع والمضايؼالأىوار عند سكاف مناطؽ  وىو الأمر الشائع. اً الخاصة مستمر 
 (.نشائيةوالإاستغلاؿ كؿ الإمكانيات المادية والتقنية والاقتصادية لتخرج عمارة تعبر عف مكانيا ومكانتيا )التعبيرية 

وىو يرتفع بالعمؿ  ،يسمو بيا لتكوف بحؽ أـ الفنوف بشكؿالفنوف  باقيعف في أي مكاف وزماف تتميز العمارة بالتالي 
ليصبح عملا يوجو الحياة الإنسانية بكامميا نحو التطور المستمر  مف مجرد خدمة انتفاعية إنشائية محددة المعماري

 وفكري فنيلتراث  وخالقاً  إقتصادية،اجتماعية أـ بيئية أـ تقنية أـ  سواء كانت ،عبر العصور متأثرا بأىداؼ عصره
 للأجياؿ اللاحقة. 

 Structural planning & Structural design المنشئيوالتصميم  المنشئيالتخطيط ( 1

 التيالمعرفة إلى محتاج  المعماري إفالمبنى ويعنى ذلؾ  فيالمتبع الإنشاء ىو طريقة تحديد نوع  :المنشئيالتخطيط 
 .الإنشائيةحتى يتمكف مف تنمية قدراتو الإنشائية العموـ بتتعمؽ 

 إفىذا يعنى الإنشائية، ويختص بتحديد القطاعات والمواد  الإنشائيخصص الميندس ت ىو :المنشئيالتصميم 
لمنظاـ  والكفاءة الأبعاديحدد  الذي الإنشائيوظيفة  يثـ تأتالإنشائي، يضع الخطة أو السموؾ  المعماريالميندس 
المرحمة بمرحمة  ىذهتسمى و  الكفاءةوالصفات والتأكيد عمى  الأبعاد إعطاء وىي المعماريصممو  الذي الإنشائي
تجميع . و الأساساتنقاط  فيوتركيزىا  الأوزافمحاولة تجميع  ىي جميع المنشآت في الإنشائيةالفكرة إذ إف ، التصميـ
وذلؾ بفعؿ  بالأرض الأساسات إلىىناؾ مسار يسير فيو حمؿ المادة حتى يصؿ  إفونقميا وتركيزىا يعنى  الأوزاف

 .(html، 2014)أبراىيـ ميخائيؿ،  لموزف الطبيعيوىو المسار  الأرضية،الجاذبية 



Journal of Engineering         Volume    22   March  2016  Number 3 
 

 

4 

 

 : للأحمال الإنشائية الطبيعيوالمسار  الماديالمسار ( 2
بفعؿ الجاذبية  الأرض إلىيصؿ  ىالمادة حتيسير فيو حمؿ  الذيالطريؽ  الإنشائي مسارال مصطمح يعد

 إلىالواصؿ مف مركز ثقؿ المادة  العموديلممادة ىو الخط  الطبيعييكوف المسار  أف البديييمف  إذف، الأرضية
نفس  فييسير  أوطريقو  الطبيعيوفييا يغير المسار  الأنسافيصنعو  الذيفيو المسار  الماديالمسار  أما، الأرض

مع المسار  الطبيعيانطبؽ المسار  إذاونلاحظ ىنا انو  (html، 2014)أبراىيـ ميخائيؿ،  لو الأنسافاتجاىو حسب تصميـ 
 الماديكمما زاد البعد بيف المسار إذ  لأعمى كفاءة إنشائية ممكنة. بسيطة وصولاً  الإنشائيةتكوف المشكمة  المادي

كمما  الإنشائية كفاءتوزداد ت إف المنشأ يمكف القوؿمف ذلؾ ، و أكبر الإنشائيةكمما كانت المشكمة  الطبيعيوالمسار 
 .الطبيعيمع المسار  الماديتطابؽ المسار 

 :Efficiency Structural منشئيةالالكفاءة ( 3
( لمتقييـ والمسائمة عمى أساس الكفاءة منشئيةتخضع أي فعالية تكنولوجية )ومف ضمنيا الفعالية ال       

(efficiency لقياس ومقارنة مدى قدرة ىذه الفعالية لتحقيؽ اليدؼ أو الغرض، حيث يسبؽ التقييـ عمى أساس )
 الكفاءة مفيوـ الغرض.

أنيا النسبة بيف الحمؿ الكمي إلى الوزف الميت  :منيا توجياتبعدة كفاءة المنشأ يمكف أف نعرؼ وعمى ىذا الأساس  
. أو أنيا النسبة بيف المنفعة "النتاج" إلى (27، ص:1996)فراس عصاـ،  منشئيةءة الفكمما قؿ الوزف الميت ازدادت الكفا

المبدع ىو ذلؾ  فالمنشأ الأساسية منشئية. ومف وجية نظر المتطمبات ال(Holgate, 1986, p:14)الكمفة "المدخلات" 
ووظيفية، الأكثر اقتصادية، والأكثر جمالية  أدائيةالأكثر استقراراً وثباتاً، الأقوى والأمتف، الأكثر المنشأ الذي يكوف 

  .(Nervi, 1956, p:26) وتعبيرية.
 المنشأتدعـ وزف  لاالتي يمكف الإنشائي و تصميـ الفي  ةالمتمثم اتالتحديالكثير مف  الإنشائييفتواجو الميندسيف و 

ينبغي لذلؾ ، والأثاث، والثموج والرياح والزلازؿ. المستخدميفالناجمة عف  القوى، مثؿ ولكف الأحماؿ الأخرى أيضاً  فقط
المواد الإنشائية ما تستند تكمفة  بطريقة فعالة. لأف غالباً و  الأىداؼلتحقيؽ ىذه  منشئيالنظاـ التصميـ أف يتـ 

استخداـ أقؿ كمية مف مف خلاؿ فعالة مف حيث التكمفة  فييعمى وزف المواد، المستخدمة في بناء الييكؿ الإنشائي 
الأكثر كفاءة  فأف المنشآت وعميو. المسمطة بصورة آمنةحمؿ الأحماؿ ييمكف أف الذي  المنشأالمواد اللازمة لتوفير 

  .قوية وخفيفة الوزفي التي تكوف ى
ف أيمكف  منشئيةالالكفاءة  إف عمى الرغـ مفو . المنشأأحد مقاييس فعالية تكمفة  منشئيةالالكفاءة  ويعد مقياس

المسمط مقسمة  نسبة الحمؿمعادلة رياضية تستند عمى  عف طريؽ توضيحياانو يمكف  إلاعرؼ بطرؽ عديدة، تُ 
 .(Eric,2010, p:4) :وكما يأتي .وزف المنشأ نفسو عمى

  معدؿ الكفاءة المنشئية
الحد الأعمى لمحمؿ المسمط عمى المنشأ

وزف المنشأ
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أف يكوف ىو الحد  ليس بالضرورةلتصميـ الحمؿ المسمط عمى المنشأ  الأعمىالحد نفيـ أف ذلؾ يمكننا أف  وعف طريؽ
 . التي يمكف أف يتحمميا المنشأ للأحماؿ الأعمى

الأحماؿ التي مف المتوقع  لمقاومة أف يصمـ منشأ، يجب عمى الميندس الإنشائي كفوءأجؿ توفير تصميـ  لذلؾ مف
 ـلحمؿ التصمي الأعمىالحد الكفاءة عمى  تستندلذلؾ  .(design load) والذي يدعى بحمؿ التصميـأف تحدث، 

(design load) حمؿ  ، والتي قد تكوف أعمى بكثير مفالذي يمكف أف يتحممو المنشأ، وليس عمى التحميؿ الفعمي
أقصى قدرة تساوي الحد  ىو الذي يممؾالمنشأ الأكثر كفاءة . في كثير مف الأحياف (design load) التصميـ
 .(Eric, 2010, p: 5)  .(design load) لحمؿ التصميـ الأقصى

 قيؽ الكفاءة إلى مرحمتيف:وفقاً لتح( العممية الإبداعية Nerviوعمى ىذا الأساس يقسـ )
: تتميز بكونيا شخصية جدا ولا يمكف أف تكوف والثانيةمة الموضوعية وتحقيؽ المتطمبات التقنية. ء: تمثؿ الملاالأولى

تحت سيطرة القواعد والقوانيف أو السببية الموضوعية المطمقة. حيث يرى بالنتيجة أف إمكانية الإبداع تكمف في تناوب 
 المناقشة بيف الإنشائي والمعماري.  عف طريؽىاتيف المرحمتيف بشكؿ ثابت في عقؿ المصمـ أو 

حيث لا يكمف وجودىا  منشئيأىمية عاممي الإبداع والكفاءة كعناصر تؤثر وتتأثر بالشكؿ الوبعد ىذا الطرح تتجمى 
معاً  يمنشئكعوامؿ أو عناصر تصميمية تمثؿ وتجسد النتيجة بؿ بكونيا أحد أسباب ومسببات الشكميف المعماري وال

 أف لـ يكونا كياناً واحداً. 
تفضؿ  منشئيةالأشكاؿ التتركز في كوف تمؾ التي ى كفاءة ممكنة مف المبادئ الأساسية التي مف شأنيا تحقيؽ أعمو 

ستنباط النظـ منيا لا سيما ، أف تكوف مشابية لتمؾ الأشكاؿ الموجودة في الطبيعة والعمؿ عمى تحميميا ودراستيا وا 
 يفضؿة بدرجة مماثمة مف الكفاء منشئيةالأرض. ومف أجؿ إنجاز بعض الأشكاؿ ال إلىنظـ نقؿ أحماليا وأوزانيا 

 .(Holgate, 1986, p:208) الإقتباس والإستمياـ مف بعض الأشكاؿ الطبيعية.
 Nervi ميندس الإنشائيلم "(Turinفي  Labour" العمؿ قصر)منشأ  فييمكف ملاحظة ىذا المبدأ بأبسط أشكالو و 

الدعائـ كالجذع الذي غصاف الشجرة التي تعمؿ عمى جمع الأحماؿ وتوجيييا نحو لأالشكؿ مقارب ف (،1) الشكؿ
  يعمؿ عمؿ الأعمدة. ومف ثـ تنتقؿ الأحماؿ بصورة طبيعية للأسفؿ بإتجاه الجذور التي تعكس صورة الأسس.

التي يعتمد عمييا المنشأ. ففي  تدرج كفاءة المنشأ تبعاً لمقوى الأساسيةالأمر الآخر والمتعمؽ بمبدأ الكفاءة ىو 
المعتمدة عمى فعؿ الإنحناء تكوف جزيئات الماد ة القريبة مف المحور المركزي المحايد  منشئيةالمنشآت أو العناصر ال

 ,Eric, 2010) في الواقع فإف جزيئات الماد ة في قمة وقعر العنصر معرضة بالكامؿ للإجياد.( 2شكؿ)تحت الإجياد؛ 

p: 6).  

 (html، 2014أبراىيـ ميخائيؿ، ) المنشئيةلموصول لمكفاءة مبنى أي  يفرها فالواجب تو المبادئ الأساسية ( 3-1
 .Stabilityالاستقرار  -اتبالث -1
 .Rigidity-Strengthالقوة والصلابة  -2
 .Functionalityلوظيفة المبنى الإنشاء  مةءملا -3
 .Economicالاقتصاد  -4
 .Estheticالجماؿ  -5
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 :يالإقتصادالإنشائية والجانب الكفاءة ( 3-2
كفاءة في  أكثرالنظـ الإنشائية  أحدمف مكاف وزماف إلى آخر، فقد يكوف دية الكفاءة الاقتصاتتغير عوامؿ 

اقتصادية بالنسبة لأجور العمالة وتكاليؼ رأس  راستخداـ المواد في منطقة بذاتيا، بينما تكوف التكاليؼ النيائية غي
 زـ لإنياء الأعماؿ المطموبة. الماؿ الأساسي المطموب عمى ىيئة معدات وتشغيميا، وكذلؾ الوقت اللا

في ظروؼ مكانية وزمانية بعينيا، بينما ىو ذاتو غير اقتصادي في ظروؼ  النظـ الإنشائية اقتصادياً  أحدلذا قد يكوف 
 المطموب بأكثر الطرؽ وفراً  الفضاءىو الذي يحقؽ  أخرى مختمفة، ومف البدييي إف النظاـ الإنشائي المثالي اقتصادياً 

في مجموع تكاليؼ المواد وأجور العمالة ومعدات التشغيؿ وزمف التشغيؿ، وبالتالي يكوف ىو النظاـ الذي ينفي وجود 
 .(135، ص: 1997)عمي رأفت، . أي بديؿ آخر اقؿ اقتصاداً 

بسبب التنوع الكبير  منشئيةفمف الصعوبة تحقيؽ كفاءة  ،دأ الكفاءةبوثيقة بم ةلموضوع الاقتصاد علاقو 
 امؿ المتداخمة ضمناً مف جانب والعدد الضخـ لمحموؿ الممكنة لكؿ ميمة معمارية مف جانب آخر.لمعو 
عامؿ الماؿ والكمفة مع عوامؿ يحيف أي عمؿ أو مشروع  لاقتصاديةالكثير بأف عامؿ الكمفة ىو المحدد الرئيس  يرىو 

 -وىي:  فييا،أخرى تكوف المحصمة إقتصادية جيدة مرغوب 
 للإجيادات والأحماؿ المسمطة. ريحوالصالتوزيع الواضح  (1)
 التوازف المناسب بيف الأحماؿ والمتانة )الأفعاؿ وردود الأفعاؿ(. (2)

 والتي تبرز بوضوح في الجسور. ،التوافؽ الكامؿ بيف الخواص التقنية والجمالية (3)

 مع زيادة نسبية في الكمفة. والأمافمبدأي القوة  (4)

 (Torroja,1962, p:323)القدرة عمى مقاومة الأحماؿ غير المتوقعة.  (5)
 وشكل العنصر الإنشائي: منشئيةالكفاءة ال( 3-3

تحتؿ أشكاؿ العناصر الإنشائية وخاصةً شكؿ محورىا الطولي وعلاقتو بالحمؿ المسمط أىمية كبيرة، خاصة 
 وقيمة ىذه القوى.في تعييف نوع القوى الداخمية التي تحدث عند تسميط الأحماؿ 

حيث يؤثر ىذاف العاملاف )نوع القوى الداخمية وقيمتيا( والتي تتكوف عند تسميط الأحماؿ بشكؿ كبير عمى مستوى 
كفاءة المنشأ خاصة في تعييف نوع المواد التي يجب توفيرىا لتعطي تمؾ العناصر الإنشائية المقاومة والصلابة 

نشائي وفؽ ىذا المنظور يعتمد عمى العلاقة بيف الشكؿ وكفاءة المنشأ. المناسبتيف. بالتالي فتصنيؼ النظاـ الإ
(Angus,2001, p:37).  

في مقاومة القوة. فعند ضماف وجود شكؿ يتبع الخط الطبيعي لمسار  جداً  اً ويعد شكؿ العنصر الإنشائي ميم
القوة سوؼ نضمف تعرض المادة إلى الإجياد المباشر بالشكؿ الذي تستطيع المادة مقاومتو بإستخداـ أقؿ كمية منيا 

ية المشكمة لمبنى وبذلؾ تزداد كفاءة النظاـ الإنشائي. وىذا نراه جمياً في شكؿ التقوس الموجود في العناصر الإنشائ
 (.3شكؿ ) الأىوار والتي تنبع أساساً مف خواص المادة الأساسية )القصب(.

وتمييزاً عف  الإنشائي،الشد والضغط بالإجياديف المباشريف لثبات الإجياد خلاؿ المقطع  حيث يسمى إجياداً 
بػ)الانحناء(. وتستطيع جميع المواد  الإجيادات المركبة التي يتغير فييا الإجياد خلاؿ المقطع الإنشائي والذي يسمى

الإنشائية تقريباً مقاومة الإجياد المباشر بصورة افضؿ مف إجياد الانحناء، فقد أثبتت التجارب بأف إجياد الانحناء 
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( مرة 3000_ 2000كبر مف الانفعاؿ الذي يسببو الضغط في جميع المواد البنائية ما بيف )أ يسبب إنفعالاً 
(Salvadori,1975, p:160).  

كمما أزداد الإجياد يجب زيادة كفاءة النظاـ الإنشائي المستخدـ عف طريؽ تقميؿ كمية المادة البنائية 
تخاذ العناصر الإنشائية المسار الطبيعي لانتقاؿ القوة.  .(Zuk,1975, p:7) المستخدمة وا 

 لأهوار العراقية ا( 4
مف  أبنية، غنية بالبحيرات الضحمة والبرؾ، فييا منطقة مستنقعاتتعد منطقة الأىوار في جنوب العراؽ 

القصب والبردي، تقع في المجاري الدنيا لمفرات ودجمة، وشط العرب في مثمث العمارة ػ القرنة ػ الناصرية ػ سوؽ 
(. 2كـ3000( وىور الحُوَيْزَة )2كـ5100أكبرىا ىور الحَمَّار ) 2كـ15000-13000الشيوخ. وتغطي الأىوار نحو 

 سمية ىور أيضاً عمى مستنقعات وبحيرات تقع خارج منطقة الأىوار منيا: الثرثار والحبانية وأبو دبس والممح.وتطمؽ ت
 (.4شكؿ )  .(html، 2012 السلاـ،عادؿ عبد )

عشرات الوسائؿ عيش  يدمر، فالجفاؼ الإنسانية، خاصة بجوانبو ءسياليوـ بأنو  الأىواريمكف وصؼ حاؿ 
وبصورة مفاجئة،  شحيحاً  أصبح، وقد الأىوارالذي يديـ الحياة وينعشيا في  الأوحدمف العوائؿ. لأف الماء ىو العنصر 

 إلىنير الفرات تقمصت  إيرادات كما إف، مواطنوفاللتجمعات سكانية وقرى يسكنيا  مباشراً  وتمثؿ ىذه الشحة تيديداً 
 .التي تمثؿ ليـ خط الحياة والأىوارالمسطحات المائية  إسنادصعوبة  عف معو مياه الشرب فضلاً  لا تؤمفحد قد 

 :لأهوارلالتجمعات الحضرية ( 4-1
العراؽ عرفت حضارة بشرية  جنوب الأىوار عبارة عف مسطحات مائية عذبة تغطي مساحات شاسعة في

سنة، وتعيش فييا كائنات حية متنوعة، وتزرع في ىذه الأىوار محاصيؿ زراعية مختمفة  6000مميزة تعود إلى نحو 
 . (12، ص:2013)محمد داوود،  وتكثر فييا النباتات المائية بسبب تدفؽ مياه نيري دجمة والفرات إلييا.

ىو نوع المدائف أو القرى التي بنيت كمجموعة مف الجزر الطافية عمى الماء وسط  وأىـ ما تتميز بو الأىوار
صادر ويتـ التحضير لمجزر باختيار الموقع المناسب في وسط مسطحات الماء القريب مف م ".المائي مسطح "اليور

رقادىاعممية لي  حزـ القصب والبردي  عف طريؽ. ويتـ صنع الجزيرة الإصطناعية الرزؽ ث تتشكؿ في بحي وا 
نقؿ الطمي والطيف مف قاع البحيرة  عمى صفحة الماء تمتد جذورىا في ارض البحيرة ثـ يتـ لاحقاً  مجموعيا مسطحاً 

وتكديسو مع طبقات البردي والقصب فوقيا بأسموب الدؾ، حتى تصؿ إلى الارتفاع المناسب والمقاومة المناسبة لتمؾ 
 (.يا )جبيشة( ومجموعيا )جبايش( )ربما تكوف قريبة مف كبائس العربيةالجزيرة الصناعية العائمة بما يطمقوف عمي

ويبمغ بعد الحفرة عف الأخرى بيف متر  المنظور.مناسبة لإرساء دعائـ البيت  يتركوف فييا حفراً  وعادة ما(. 5شكؿ )
  .(html، 2013)محمد الأمير،  .بعد أف تجؼ أرضيا ومتريف لكي تغرس فييا الأساطيف لاحقاً 

اختيار ىذه البيئة مسكناً جاء بسبب سخائيا، فالقصب والبردي ىو مصدر لا ينضب مف مواد البناء وأدوات  أف 
وربما قبميا ولـ يكف وليد  لقصب والبردي في بناء ديارىـ تقميداً موروثاً منذ سومراويعد استعماؿ  اليومي. الاستعماؿ

ووجدت رقـ طينية مف الحفريات تؤكد  ،السنيفعمؿ في بناء بيوت وقوارب السومرييف منذ آلاؼ ستُ أ، فالقصب اليوـ
 السطح الخارجي لبعض ىذه المباني القصبية بطبقة مف الجص الطيني بما يعرؼ باسـ الوتؿ.يتـ إكساء وكاف  .ذلؾ

  (html، 2013)محمد الأمير، ية. وربما كاف مف بقايا مرحمة وسيطة مف مراحؿ تطور بناء الأقب( daub و)التطييف
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، "، ويقاؿو"صرياثا ىنا تطمؽ عمى التجمعات الحضرية لكونيا تسور مثؿ البيت الواحد،و  ومعناىا  ليا )صريفة( اليوـ
 .(العشة أو الكوخ المبني مف القصب، وىكذا أصبح المعنى )مدينة العشش أو الأكواخ المصنوعة مف القصب

 :لأهوارعمارة ا( 4-2
مفردات رئيسة متمثمة بالعلاقة بيف الداخؿ  بستة إياىا، محددة الطروحات طرؽ تحميؿ العمارة عموماً  تناولت

مؤشرات العمارة المتمثؿ بالبعد  التأثيث، ومشيرة إلى أىـ اً د الرابع، والضوء، والموف، وأخير والبع والخارج، والبعد الثالث،
مكانية اعتماده  بصورة أبعد مف  ت التي تشمؿ تسمسؿ الفضاءات، وامتداد الفضاءمف المفردا عدد عف طريؽالثالث وا 

وفيما يخص عمارة قصب الأىوار  ،(Kurtich, 1993, p: 16-25) الفضائي الشكؿ والفضاء، والتداخؿ وتداخؿالاحتواء، 
تجمعات شحيحة مف البشر  مفعالـ  " أو "البطائح"، بأنياالأجمة" إلى الأىوار أو الأدبياتجنوب العراؽ فقد أشارت 

تسمية  لذا يطمؽ عمييا المستشرقوف ،الصحراء وروح ،البندقية نمط بيف وسط خضرة البردي والقصب، حالة مف التوفيؽ
الأىوار بسبب  المحمي في الأىوار )عمارة القصب( فيتواجد ىذا النمط فيالنمط العمراني  أما "بندقية الشرؽ الأوسط

بينيا سوى ممرات مائية ضيقة. وينتمي نوع القصب الموجود  تترؾ واسع وبييأة شاسعة لاتوفر مادة القصب بشكؿ 
سـ 2.5-2ـ وقطره 4-3إلى  تصؿ التي الذي يتميز بإرتفاعاتو (phragmites gramineae) العراؽ إلى نوع في
(Jacobson, 2004, p: 5) 

 وتكون النماذج البنائية من القصب في الأهوار أربعة أنواع هي:

زيرة بسياج مف القصب المساحة المطموبة لبناء الج )الجباشات( التي تعتمد بالأساس عمى إحاطة الجزر الصناعية -أ
البردي القصب )المتيرئة(، وتكسر  أمتار، ثـ تملأ المساحة بأوراؽ وأغصاف 6 اً إلى مسافة تصؿ أحيان وترتفع أغصان

 (.5شكؿ ) .المرتفعة بعد ذلؾ أغصاف السياج
 لأىالي القرية، ويكوف بأحجاـ كبيرة. ويبنى عادة عمى جزروىو مكاف التجمع الوحيد : دار الضيافة أو المضيف -ب

ـ عف بعضيا. وتوضع فييا حزـ القصب  1.5مسافة  سـ، وعمى 75طبيعية موجودة، وتحفر خطوط متوازية، بعمؽ 
 حيف ربطيا مع بعضيا لتكويف الأقواس إلى اً تقريب ةدرج 70وية اـ. تترؾ في البداية مائمة إلى الخارج بز  6-5 بإرتفاع
القبمة، فيناؾ فائدة يعطيو التوجو إلى  عف الرمز الديني الذي ومواجيًا لمقبمة، فضلاً  اً مدخؿ المضيؼ واطئويكوف 

فو كبيرة في التيوية،  مف تتـ تيويتو حيث  معيا، اً ية الغربية، فيكوف المضيؼ متعامدالرياح السائدة ىي الشمال ا 
  (.6شكؿ ). (Maxwell, 1962, p: 135) الداخؿ بالإتجاه العرضي ومف الفتحات السفمية

  .ةالتقميدي لعمارة الأهوار كنموذجدار الضيافة نموذج  ، سيتم اعتمادلأهمية هذا النمط البنائيونظرا 
وىي  T قسميف أو بشكؿمف الداخؿ إلى ومقسمة  I، وتكوف أما طولية بشكؿ الدائمةمساكف الأىوار : الربعة -ج

 .الحالة الغالبة

لمنوـ أو لمطبخ لدى  تالتي تستخدـ كفضاءا ةالمثمثي ةوؼ الجممونيقىذا النوع الس في : ويستخدـةالصرائف السكني -د
أما لدى المتمكنيف والتجار فتستخدـ لمخزف وقد تستخدـ لدى رؤساء العشائر  المحدودة ةالموارد المعيشي يالسكاف ذو 

 (.7شكؿ )قباؿ الزوار. ستلإ
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 الإنشائية لمقصب: الخصائص( 4-3

فضلًا عف المتانة ، لإلتواءوالقابمية عمى ا ز بالمرونةتايملمرطوبة والماء،  نافذةغير  ةنباتيلقصب مادة ا  
ف أحسف، ومقاومةة بتكسبيا صلا التي لوجود المفاصؿ العرضية الداخمية نظراً  النسبية القصب ىو مف نوع  أنواع وا 

ف حزمة مف القصب يمكنيا أف تتحمؿ أثقاؿ الشد ا  و  مف بنائي البيوت. المحترفوف)القباره( وتوجد لو مناطؽ يعرفيا 
الييكؿ مف الأساطيف ويتـ إنشاء لقصب كمادة أساسية لمبناء. اإنشائية يوظؼ بيا  مميزاتوالبناء ىنا  المتوسط عمييا

( تاويطمؽ عمييا أسـ )شَب و( ومجموعيا )شب   ،مف القصب كبيرةنا مف مجموعة صنع ىأو الأعمدة أو الصواري التي ت
فتضطمع بتحمميا حزـ القصب التي تسمى  وتضطمع بنقؿ العزوـ الرأسية، أما العزوـ الأفقية الواردة مف الرياح مثلاً 

بشكؿ الإنشائي ثـ يتـ تغطية الييكؿ  .(html، 2012السلاـ، عادؿ عبد )(. 8شكؿ ))اليطر(، التي تربط بيف الأعمدة. 
ويستخدـ لذلؾ نسيج متكوف مف خامة القصب تسمى بالعربية )الحصر  مفضاء المتكوف ويعزلو،يعطي الخصوصية ل

مجموعة مف المساطر إلى وىي ناتجة مف عممية نسج وتقضيب لمقصب المشظى محميا )البارية( العراقية( وتسمى 
وتستعمؿ في تغميؼ البيوت القصبية  .بة بامتداد طوليا إلى عدة شظايايع القصالرقيقة، ونسج الحصيرة بعد تقط

 أو سياج أو جدرافوىي منسوجة لعدد مف الأغراض والاستعمالات فيي أما  بناء غير نفاذ لمماء. والسقائؼ كعنصر
فرش لتكسي أرضية الديار، أو تستعمؿ حتى في طبقات التسقيؼ في العمارة الطينية ووجدت في طبقات مباني 
العراقييف في سومر وبابؿ كمادة ماسكة لطبقات الطيف أو مداميؾ الطوب كما في الزقورات. وما زالت تستعمؿ في 

. العصور السابقةقاليـ المتاخمة لمعراؽ خلاؿ العراؽ ولاسيما الجنوبي منو وقد أتسع نطاؽ استعماليا حتى في الأ
شكؿ  .(html، 2013)محمد الأمير،  .وكخامة لمديكور المنزلي الأثاث،واليوـ نجد تمؾ الحصر وقد وضفت في صناعة 

(8.) 
 التقميدي: الأهوارمبنى  إنشاءطريقة ( 4-4

المزمع إنشاؤه، عمى الجزيرة يشرع الجميع بعممية حزـ القصب بأقطار تتفاوت  لممبنىبعد أف يتـ التحضير 
سـ في حالة  30سـ ويصؿ حتى إلى  20و 15وأىميتو ولكف عادة ما يكوف قطرىا بيف  المبنىبحسب وسع 

نوعة مف بمعونة أربطة مصو  حيث تحزـ بعد ذلؾ بقوة، لممبنىالإنشائي "المضائؼ" الواسعة وىذه الحزـ تشكؿ الييكؿ 
الأساطيف سميكة في قاعدتيا وأقؿ سمكاً وصلابة )الأعمدة( . وتكوف ىيئة تمؾ مموي مثؿ الحباؿ يدعى )بنود(قصب 

وذلؾ بحسب السعو  7أو  5وأكثر لدانة في طرفيا العموي. وعند اكتماؿ العدد المطموب الذي يكوف عادة مكرر العدد 
. وتغرس الأساطيف في صفيف محورييف متقابميف ومتناظريف. المبنىعة وتبعاً لما يرصد مف أعمدة البيت التي تحدد س

. ويمتد المبنىيشكؿ طوؿ المزمع إنشاؤه ومجموع الأبعاد فيما بينيا  المبنىويمثؿ البعد فيما بينيا عرض (، 9شكؿ )
عف  فضلاً  ،الغربي الباردح الغربي والشمالي عادة مف الشرؽ إلى الغرب ليتسنى ليـ الاستفادة مف الري المبنىتوجيو 

السميكة في الحفرة  رفع كؿ عمود وتغرز قاعدتوي (.22، ص:2013)محمد داوود، ، أعماقو إلى يالشمسدخوؿ الإشعاع 
 بأعمدة مف خشب لضماف عدـ ميؿ العمود، ويكوف وضعو مائلاً  قوياً  وتدؾ دكاً  ،الحفرة بالتراب وتملأ ،المخصصة

. وتربط رؤوسيا خؿ وذلؾ لتسبيؽ تحميمو جيد معاكسكية، حيث يتـ ثنييا باتجاه الداعادة إلى الوراء لأسباب ميكاني
 وىذا المبدأ الإنشائي(. 10شكؿ ). لشكؿ القبو النيائي الذي تظير بوىيكمية تحضر  مع بعضيا مكونة أقواساً 
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لتنفيذ البناءات ولاسيما لربط حنايا الأعمدة مف الوسط، استعممت في الأزمنة المتأخرة (  Articulationالتمفصل)
 .(html، 2012 السلاـ،عادؿ عبد ) الباريسي "في اليياكؿ المعدنية كما في "رواؽ المكائف

 المبنىبيف الأعمدة )اليطر( وطوليا عادة بمقدار طوؿ  وتجيز خلاؿ ىذا الوقت حزـ القصب التي توصؿ أفقياً 
تزيد عف النصؼ متر بينيا. والميـ  ربطيا بالأعمدة عمى مسافة لا. ويتـ فتكوف روابط لمييكؿ تمنعو مف الحركة أفقياً 

ىو الذي يقع في منتصؼ  قوةً أكثرىا سمكاً و ، وأف يكوف المبنىأف تكوف الحنايا متجانسة بارتفاع واحد عف سطح 
ثـ تبدأ  .أشدىامع كافة الأعمدة لأف العزوـ في ىذا المكاف تكاد تكوف عمى  تقويس الحنيات بحيث يكوف متقاطعاً 

أو التشطيب( حيث يصنع الجداراف لسد فتحتي البيت الجانبيتيف ويطمؽ عمييا اسـ الإنياء مرحمة التغميؼ أو )أعماؿ 
الشمس الساطعة ساعات الصباح، وقد يعمؿ عمى  لمواجية المبنى)الكواسر( ويكوف الباب في الفتحة الجنوبية مف 

وتوحي كأنيا )مشربية(، ثـ يكسى ىيكؿ الدار كمو چ( )مشبػجانبي الباب مشبؾ مف القصب بشكؿ معينات تدعى 
الحصر الجديدة فوؽ الييكؿ بوجوىيا الم ماعة إلى الجية السفمى، وتمقى فوقيا طبقو  بالحصراف )البواري(، فتمقى أولاً 
صر الجديدة ف الح، ثـ تكسى فوقيا بطبقة ثالثة موالتي تشبعت بالرطوبة خدمة سابقاً تالية مف الحصر القديمة المست

)ىطر( الخارجية لمصريفة، وتدفف أطراؼ الحصر السفمي الملامسة للأرض بالتراب لمنع دخوؿ اليواء وتثبت كميا بالػ
وتفرش  وتسيج بالطيف أحياناً  والمطر إلى داخميا. ثـ يتـ دفف أرضية البيت بالتراب الناعـ النظيؼ، وتدؾ جيداً 

 (.11)شكؿ. (html، 2013)محمد الأمير،  .مى فوقيا الوسائد للاتكاء عمييابالحصر كذلؾ ثـ تفرش بالبسط والسجاد وتر 
 :هوارالألمبنى الأساسية العناصر  شكلالإنشائي ل تحميلال ( 5

)كما تـ  ي مبنى الأىوار التقميديلمعناصر الإنشائية الأساسية فس ىو الشكؿ الغالب يكوف الشكؿ المقو  
المحني ذا القابمية عمى تحمؿ كميات كبيرة مف الأحماؿ  الإنشائيىو العنصر  بشكؿ عاـ القوسو ، (سمفاً  توضيحو

دـ ف العمود والجسر منذ القأنو شأ. وقد وجد القوس شالأرضوالعمؿ عمى توزيعيا عمى الجانبيف ونقميا بالتالي إلى 
تتعاطى مع الأحماؿ المسمطة كؿ حسب خواصو ونقميا إلى الأسس والتربة  منشئيةفي المنشآت كعناصر أساسية 

 .في مختمؼ طرز العمارة الدائـ حتى ىذه المحظة وجودهبشكؿ يبرر 
تعاممو مع الإجيادات ولا سيما عند نقطة إسناده لتمؾ  عف طريؽعمود ميمعب القوس دوراً مماثلًا لحيث 

، أما الأرضوجعميا تسري خلالو بصورة انضغاطية مباشرة وعمودية نحو  القوى. فالعمود يعمؿ عمى تجميع الأحماؿ
القوس فيعمؿ عمى نفس المبدأ وىو استلاـ الأحماؿ التي تضغط عمى قمتو ليعمؿ عمى توزيعيا عمى الجانبيف ومف ثـ 

 .(Torroja,1962, p:80) .(12) الشكؿ. إلى الأسس
خواصو الفيزياوية، فعممية الإدراؾ  عف طريؽسيمة الإدراؾ  منشئيةوعادة ما يكوف القوس أحد العناصر ال

يكوف عمى شكؿ متجية يتجو نحو وجية مقاومة الأحماؿ  الذي -directrixمحوره –ىذه تعتمد عمى متجو قمتو 
المسمطة عميو عمودياً. إضافة إلى ذلؾ يمكف ملاحظة الاختلاؼ في السمؾ تبعاً لأجزائو المعرضة لمحمؿ بصورة 

 intuitive)مع الرؤية الحدسية  (calculations)وغير مباشرة. في ىذه الحالة تتوافؽ كؿ مف الحسابات  مباشرة
vision)  وىذا ما لاحظناه جمياً في عناصر . (13)سمكاً في جوانبو منو في قمتو الشكؿ أكثرف يكوف القوس أعمى

  (Torroja,1962, p:302) القصب الإنشائية المقوسة.
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حيث لا تفشؿ عناصر الشد بالانبعاج، وليذا لا تحتاج إلى زيادة مفرطة في كمية المادة لمقاومة الإجياد، 
كفاءة مف عناصر الضغط التي تفشؿ بالانبعاج. ولكف وجود الجاذبية الأرضية يجعؿ مف  أكثرأي أف عناصر الشد 

يحتوي النظاـ الإنشائي عمى عناصر  أفجب المتعذر الحصوؿ عمى نظاـ إنشائي يتألؼ مف عناصر الشد فقط، بؿ ي
عناصر  مف النظاـ الإنشائي الذي يحوي أكبر عدد مف عناصر الشد واقؿ عدد دعالضغط التي تقمؿ كفاءتو، ولذلؾ يُ 

بالتالي تعد طريق تقوّس العناصر الضغط منشأ عالي الكفاءة ويمكف أف يستخدـ في تغطية البحور الطويمة. 
لمبنى الأهوار هي عناصر شد وضغط في نفس الوقت لذلك تقترب من تحقيق اقصى كفاءة الإنشائية المشكّمة 

 إنشائية ممكنة.
 عمى نوع القوى الداخمية لمبنى الأهوار: الفعّالتأثير الشكل الإنشائي ( 6

فأنو في  )كما ىو الحاؿ في العناصر الإنشائية الأساسية لمبنى الأىوار( أذا كاف العنصر غير مستقيـ
يرسـ بواسطة الإنشائي والشكؿ عند تسميط الأحماؿ،  ،ثني الداخميةوقوة ال ،الب سوؼ يتعرض إلى القوى المحوريةالغ

تكوف الحقيقية  المنشآتفي ف. (Angus,2001, p:39)الشكؿ الفعاؿ(، )بػيسمى عندىا نموذج الحمؿ و ا  المحور الطولي و 
كالقصب والتي تستخدـ في تكويف بعض العناصر أنيا  الأخرى الحديد والمواد المرنة أسلاؾمثؿ  ذات المرونةالمواد 
 وبشكؿ أوتوماتيكي )الشكؿ الفعاؿ( عند تطبيؽ الأحماؿ.تأخذ 

 بالحمؿف مف الأحماؿ كما موضح نموذجيإعمى بيف الشكؿ الفعاؿ والشكؿ غير الفعاؿ الفرؽ ( يبيف 14) في الشكؿ
عمى ثلاث نماذج إنشائية تتخذ عدة  بمسافات متساوية لكؿ حمؿ منتشر عمى كؿ العنصر وقوتاف مركزتاف تطبقافال

 : يأتيأشكاؿ وكما 
(a ) لأنو لا توجد أي مركبات أفقية لمحمؿ وكلا  ،وليس قوة محورية ،يتحمؿ قوة ثني داخمية صافيةىنا العنصر

  الحمميف غير موازيو لممحور الطولي لمعنصر. 
(b ) يممؾ شكؿ مطابؽ لمشكؿ الفعاؿ في الأحماؿ ولذلؾ الشكؿ الفعاؿ يتحمؿ قوة محورية داخمية فقط ىنا العنصر

 .وهذا يوضح أهمية التقوس في مبنى الأهوارفي الحالتيف مف العناصر والحمؿ القوى ىي الانضغاط. 
(c) لا قوى ثني صافية بؿ لا يطابؽ الشكؿ الفعاؿ لمقوى وسوؼ لف يحمؿ قوى محورية داخمية صافية و  ىنا العنصر

سوؼ يحمؿ حمؿ مركب مف قوى الثني والقوى المحورية الداخمية وعميو فالشكؿ الذي عمى المحور الطولي والذي 
يخص العناصر الإنشائية يمكف تصنيفو إلى عناصر الشكؿ الفعاؿ وعناصر الشكؿ غير الفعاؿ والعناصر ذات 

والتي  اتي تتطابؽ مع الشكؿ الفعاؿ للأحماؿ التي تطبؽ عمييعناصر الشكؿ الفعاؿ تمؾ الو الشكؿ الشبو فعاؿ. 
تحتوي عمى قوى محورية داخمية فقط. الشكؿ الفعاؿ يكوف أكثر فعالية في كؿ أنواع العناصر الإنشائية والشكؿ الشبو 

 فعاؿ يعتمد بفعاليتو عمى الاختلاؼ مع الشكؿ الفعاؿ.
 الأهوار: في مبنى منشئيةتطبيق مبدأ الكفاءة الآليات ( 7

ختصاراً إلى يمكف القوؿ بأف  القوى لابد أف تجمع سوية وتسري طبيعياً  عف الأرض بأكثر الطرؽ مباشرةً وا 
 : عف طريؽمبنى الأىوار التقميدي  فيوتـ تحقيؽ ذلؾ ليكوف حلًا منطقياً.  منشئيةالأشكاؿ والعناصر ال طريؽ
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المواد المستعممة مستخدمة بموجب فلابد أف تكوف  .وقدرتياإستعماؿ كؿ  المواد الإنشائية قريباً مف خواصيا  (1)
. حيث تنص الفكرة الصحيحة والسميمة بأف  الشكؿ الناتج الصحيح والسميـ يمثؿ نتيجة خواصها الطبيعية

  حتمية لخواص الماد ة عند شيوع إستخداميا.
  .تحقيؽ أدنى حد مف وزف المادة )تقميؿ الوزف الميت قدر الإمكاف( (2)
دراكاً  ،منشئيالفعؿ ال كاف (3)   واضحاً لمشخص غير المتخص ص قبؿ كؿ شيء. ،تحسساً وا 

 :في مبنى الأهوار منشئيةالكفاءة ال وسائل تحقيق استخلاص( 8
 :Efficiency of Material usageالكفاءة في استعمال المادة الإنشائية ( 8-1

 المناطؽ التي تتوافر فييا العمالة الرخيصةىي احدى المعايير في الاقتصاد الإنشائي النيائي وبالذات في 
، وبالتالي تمثؿ تكمفة المواد نسبة كبيرة مف التكمفة النيائية وىذا ينطبؽ عمى اغمب كما ىو الحاؿ في مناطؽ الأىوار

ي ف التوفير بالتالي تحقيؽبمداف العالـ الثالث، وىذه الكفاءة المادية ىي احدى نتائج التطور التكنولوجي الإنشائي 
 المواد والعمالة ووقت الإنشاء.

تأتي نتيجة لمتصميـ الذي يعرض المادة لأقصى إجياداتيا التصميمية في الإنشائية  ف الكفاءة الماديةإمف المعروؼ 
كافة قطاعاتيا. ىذه الحالة لا تتوفر إلا في حالة الإجياد المحوري بالانضغاط أو الشد. أما التحميؿ الذي ينتج عنو 

، 1997)عمي رأفت،  الطرفية فقط بالشد والانضغاط. جوانبوفيعرض القطاع الإنشائي لأقصى إجياد في  عزوـ انحناء

 أفىذه الإجيادات إلى لعناصر مبنى الأىوار الإنشائية الذي تتضاءؿ فيو  بالشكل الفعالوىو ما عرفناه  (138ص: 
مف القطاع ىي التي تتعرض  ضئيمةوبالتالي فأف نسبة  (،Neutral Axis)تصؿ إلى العدـ حوؿ محور محايد 

فأف الكفاءة  وعميو، الاستمرار الهندسيطمؽ عميو يُ لأقصى إجيادات في حدود المسموح بو. الأمر الذي يتحقؽ بما 
و فر بالتكويف الذي يحقؽ جساءة المنشأ، أي تضافر كؿ أجزاءه في مقاومة الأحماؿ الواقعة عميتتو الإنشائية  المادية

كمو كتمة واحدة تساعد بعضيا بعضاً بدلا العنصر الإنشائي ويحقؽ ما نطمؽ عميو الاستمرار المادي، أي أف يكوف 
 عمى غيرىا. مف أف تكوف حملاً 

 متطمبات التنفيذ مع المواد والعمالة والتكنولوجيا المتوفرة.  ( توافق8-2
اختيار المنظومة الإنشائية المبدعة لا بد واف يتوافؽ مع الإمكانيات المحمية المتاحة في العمالة والمعدات  إف

، إذ لا مبرر لاستيراد إمكانيات غريبة تتطمب معيا استيراد عمالة ومعدات تنفيذ، في ذلؾ المكاف والتكنولوجيا
، ولو فرض وتحققت ىذه الإمكانيات لمتنفيذ ىوارمنطقة الأوبالذات بالنسبة لممشروعات الخاصة والعامة في 

 معينة فمف تتوفر عمى المدى الطويؿ في الصيانة وفي التشغيؿ.  ولمرحمة
 اختصار وقت المشروع:( 8-3

المباشر والمتاح لعناصر القصب  التجييز إف، حيث في اقتصاديات أي عمؿ ميماً  يمعب الوقت عاملاً 
ىنالؾ معرفة جيدة كاف  إذاالمنظـ والمخطط سيعود عمى المشروع بوافر في وقت التنفيذ. وخاصة وبالشكؿ  الإنشائية
 ت جاىزة لمتركيب والتنفيذ المباشر.اوحدلتشكيؿ 
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في إمكانيات سبؽ تجييز منتجاتو،  سمـ التماسؾ الإنشائي )أو ما يطمؽ عميو بالاستمرارية الإنشائية( يتدرج أيضاً ف
فكمما تماسكت أجزاؤه في كتمة واحدة قمت  مع تماسؾ مكونات المنشأ، التجييز يتدرج عكسياً سبؽ  إفومف البدييي 

إلى سبؽ  أقربياالدرجات الأولى في التماسؾ ىي  إفاحتمالات تصنيعيا خارج الموقع والعكس صحيح، بمعنى 
 التجييز الكامؿ، وبالتالي إلى توفير وقت التنفيذ. 

 
 

 الاستنتاجات

تحقيؽ الثبات و  تحقيؽ الصورة وضماف بقائيافي جانبيف أساسييف ىما  المعماريالعمؿ  فيالإنشاء أىمية  تكمف -1
 .والاتزاف

والنفسية إذا ما حقؽ الراحة الفسيولوجية  الانتفاعي المادي الإبداعنطاؽ تدخؿ الكفاءة الإنشائية ضمف   -2
مف إذا ما حقؽ الفراغات والكتؿ المطموبة بكؿ كفاءة  الإنشائيوفى نطاؽ الإبداع  والأماف،والأمف  والاجتماعية

 المواد والعمالة. نواحي

مف  تعاوف كؿ جزء أوتضافر  مف خلاؿيحقؽ جسأة المنشأ  الذيالتكويف بوجود الكفاءة المادية يمكف تحقيؽ   -3
 .ماديالستمرار بالاالواقعة عميو وىو ما يطمؽ عميو  الأحماؿمقاومة  فيالمبنى  أجزاء

 الأساسات.نقاط  فيوتركيزىا  الأوزافمحاولة تجميع  ىي جميع المنشآت في الإنشائيةالفكرة  -4

 وصولا لأعمى كفاءة إنشائية. الماديمع المسار  الطبيعيانطبؽ المسار  إذابسيطة  الإنشائيةتكوف المشكمة   -5

ف الميت ف الميت فكمما قؿ الوز النسبة بيف الحمؿ الكمي إلى الوز  تعريفات منياكفاءة المنشأ بعدة  يمكف تعريؼ -6
 أو أنيا النسبة بيف المنفعة "النتاج" إلى الكمفة "المدخلات"  ،منشئيةازدادت الكفاءة ال

الأحماؿ التي مف المتوقع أف  لمقاومة أف يصمـ منشأ، يجب عمى الميندس الإنشائي كفوءأجؿ توفير تصميـ  مف -7
 الحد الأعمى لحمؿ التصميـالكفاءة عمى  تستندلذلؾ  .(design load) والذي يدعى بحمؿ التصميـتحدث، 

(design load). 

إف النظاـ الإنشائي المثالي اقتصادياً ىو الذي يحقؽ الفراغ المطموب بأكثر الطرؽ وفراً في مجموع تكاليؼ المواد  -8
 التشغيؿ وزمف التشغيؿ.وأجور العمالة ومعدات 

بالشكؿ الذي تستطيع المادة مقاومتو بإستخداـ أقؿ كمية منيا  شكؿ العنصر الإنشائي ميـ جدا في مقاومة القوة. -9
وبذلؾ تزداد كفاءة النظاـ الإنشائي. وىذا نراه جمياً في شكؿ التقوس الموجود في العناصر الإنشائية المشكمة 

 لمبنى الأىوار والتي تنبع أساساً مف خواص المادة الأساسية )القصب(.

 القوس، و ساسية في مبنى الأىوار التقميديالب لمعناصر الإنشائية الأيكوف الشكؿ المقو س ىو الشكؿ الغ -10
المحني ذا القابمية عمى تحمؿ كميات كبيرة مف الأحماؿ والعمؿ عمى توزيعيا  الإنشائيىو العنصر  بشكؿ عاـ

 عف طريؽدراؾ سيمة الإ منشئيةوعادة ما يكوف القوس أحد العناصر ال .الأرضعمى الجانبيف ونقميا بالتالي إلى 
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بالتالي تعد طريؽ تقو س العناصر الإنشائية المشك مة لمبنى الأىوار ىي عناصر شد وضغط .  خواصو الفيزياوية
 في نفس الوقت لذلؾ تقترب مف تحقيؽ اقصى كفاءة إنشائية ممكنة.

ئية قريباً مف إستعماؿ كؿ  المواد الإنشا مف خلاؿفي مبنى الأىوار التقميدي  أعمى كفاءة إنشائية ماديةتحقيؽ  -11
الفعؿ فضلًا عف كوف  .تحقيؽ أدنى حد مف وزف المادة )تقميؿ الوزف الميت قدر الإمكاف(، و خواصيا وقدرتيا

دراكاً " منشئيال  .لمعيافاضحاً " كاف و تحسساً وا 

الكفاءة في استعماؿ المادة أىميا جوانب  عمى عدةفي مبنى الأىوار  منشئيةوسائؿ تحقيؽ الكفاءة ال اشتممت  -12
 .العمالة والتكنولوجيا المتوفرةمع المواد و  الإنشائيةوالمنظومة توافؽ متطمبات التنفيذ و الإنشائية 
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 .Nervi ,(Holgate, 1986, p:208)للمعمار  Turinفً  Labourمنشأ قصر   (1) الشكل

 يبذأ الانحنبء الإنشبئي (2الشكل )

http://www.petervaldivia.com/eso/structures/imagen/bending.gif 

 شكل العنصر الإنشائً المتمثل بشكل التقوس لمبنى الأهوار (3الشكل )
http://www.aleqt.com/a/small/ec/ec1dccdd58f825c18f5e774528a4387d_w950_h950.jpg 

  ( الأهوار فً جنوب العراق4الشكل )
http://almajla.com/wp-content/uploads/2013/06/image-115100-galleryV9-ihpa.jpg 
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 انجزر انطبفيت عهى انًبء وسط الأهىار (5الشكل )
http://www.cinu-dn.com/upload/31143830u%20copy.gif 

 المضٌف أو دار الضٌافة فً الأهوار (6الشكل )

http://www.waraqat.net/2009/07/swar_3eraq3.jpg 

   الجملونٌة المثلثٌةائف السكنٌة فً الأهوار وفٌها تستخدم السقوف رالص (7الشكل )
http://1.bp.blogspot.com/-siksee9HCZc/UG3Dx0ayKUI/z5Gb2Ji-8tY/s1600/DSC00463.jpg 
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  إستخدامات القصب كمادة إنشاء أساسٌة فً عمارة الأهوار (8الشكل )
http://www.mriraq.com/vb/showthread.php?t=662302 

 طرٌقة إنشاء العناصر الأساسٌة للهٌكل الإنشائً فً مبنى الأهوار التقلٌدي  (9الشكل )
https://fbcdn-sphotos-f-a.akamaihd.net/hphotos-ak-ash4/p480x480/1869215063_n.jpg 

 فً مبنى الأهوار التقلٌديالقبو النهائً  التً تعطً شكل هٌكلٌةال الأقواس (10الشكل )
http://im36.gulfup.com/0cnd3.jpg 
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 إعطاء الشكل النهائً للهٌكل الإنشائً فً مبنى الأهوار التقلٌدي (11الشكل )
http://im36.gulfup.com/0cnd3.jpg 

 

 ( استلاو انقىس نلأحًبل 12: )الشكل

(Torroja,1962, p:80) 

  تبعاً لأجزائه المعرضة للحمل بصورة مباشرة وغٌر مباشرة القوس الإنشائً سمك الاختلاف فً (13الشكل )
http://www.dw.com/image/0,,5996431_1,00.jpg 

 (Angus,2001, p:38) ما بٌن الشكل الفعال والشكل غٌر الفعال الفرق (14) الشكل
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 دراسة تقويمية لمواضيع الادارة الانشائية في مناهج المرحمة الأولية  
لمهندسة المدنية في بعض الجامعات العراقية   

 
رشيد انتصار كاظمم.د.                                                        ير ميخائيل ساكوأ.م.زه  

 قسم اليندسة المدنيةقسم اليندسة المدنية                                                               
 ية اليندسة / جامعة بغدادكم                                                        كمية اليندسة / جامعة بغداد

 
 الخلاصة

يم في اي بمد من البمدان وميما اختمف نظام الحكم فيو، يعد من اكثر الميادين دقة والتعملاشك في ان ميدان التربية      
رأس المال الستراتيجي فان طريقة  وحساسية لأنو يتعمق ببناء الانسان، ولما كان الانسان ىو غاية ووسيمة في الوقت نفسو وىو

 من الأمور الخطيرة.تربيتو وتعميمو وانتقاء المربي وطرائق العمل والمنيج والأىداف تعد 
ان لمعممية التربوية اىدافاً يحددىا المجتمع لنفسو من خلال مؤسساتو العاممة في ىذا الميدان، وىي المؤسسات الرسمية او      

الشعبية وعند شعوره بقصور ىذه المؤسسات عن القيام بدورىا لايمبث ان يتدخل مباشرة بالوسائل التي يرتئييا لإصلاح الخمل. 
الصياغة المحددة لمطرق التي نتوقع ان يتغير بيا التلاميذ من خلال ىذه العممية، اي انيا  ربويةونعني بأىداف العممية الت

 الطرق التي سيبذلون بيا تفكيرىم ومشاعرىم وافعاليم، والمناىج المتبعة تعد إحدى الوسائل لتحقيق الأىداف.
دات موزعة عمى السنوات والساعات لممرحمة الأولية الى دراسة منياج الادارة الإنشائية من حيث المفر ييدف ىذا البحث      

لقسم اليندسة المدنية في جامعة بغداد وبعض الجامعات العراقية الاخرى ومفردات المناىج لبعض الجامعات العالمية الرصينة 
توضيح معالم وعمل مقارنة بينيا لمتوصل الى صيغةمحددة لطريقة تدريس ىذه المفردات وتوحيدىا والنيوض بيا والإسيام ب

الطريق أمام عضو الييئة التدريسية الذي سيسمكو في مناىج تعميم الإدارة اليندسية في جامعاتنا مع التركيز عمى الوسائل التي 
  تجعل القيام بيذه العممية المعقدة نظاماً حياً متفاعلًا.

 
A reformation Study about the Construction Management in the Primary 

Stage Curricula’s for the Civil Engineering in Some of the Iraqi Universities 
 

                Ass. Prof. Zuhair mikhaail sako                                           Lecturer Dr. Entisar Kadhim  Rasheed 

 Department of Civil Engineering                                                       Department of Civil Engineering   

College of Engineering                                                               College of Engineering 

   Baghdad University                                                                     Baghdad University 

                                                                                                                E-mail:int.pros_62@yahoo.com 

 
ABSTRACT 

     There is no doubt that the field of education and teaching (in any country and whatever its 

ruling system varies “d”) is considered one of the most specific and sensitive field, because it is 

related to the building of human. And as the human is a purpose (aim) and the means in the same 
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time and he is the strategist capital, so he way of his rearing, education, choosing the educator, 

methods of working and the aims are considered serious matters. 

     The educational process has aim determined by the society for him self through its working 

establishments in this field and these are the official and public establishments. And as he feels 

that the establishments have failed to achieve its duty, it, and without hesitation immediately 

interferes by the means that he choose to fix the defect. The educational process aims are meant 

to be the determined modification for the way which are expected to change the students through 

this process .i,e. the way of their thinking, feeling and actions. And the curricula’s used (followed) 

are considered one of the means to achieve the aims. 

     This research aims at studying the program of the construction management wherefrom the items are 

distributed although the years and hours of primary stage in the civil engineering department in Baghdad 

university and some other Iraqi universities. The curricula’s items of some sedate worldwide (universal) 

universities, and to make a comparison between them to reach a specific form to the method of teaching 

these items, unify them, revive them and to contribute in clarifying the features of the path way ahead of a 

teaching Corp member which is followed in the teaching curricula’s of the construction on the means 

which make achieving this complicated process a living interactive system. 

 لمقدمة:. ا1
كان الكثير من المسؤولين ينظرون الى المناىج في السابق عمى انيا مجموعة المواد الدراسية التي تقدم الى الطمبة، اما       

التي تتمثل بأىدافيا ومحتواىا وطرق التدريس والتدريب  حديثاً فيي مجموعة من العوامل المؤثرة في العممية التربوية والتعميمية
 (.1988والوسائل التعميمية واساليب التقويم والقياس المتبعة فييا)النعيمي، 

المناىج تتطمب جيداً لايمكن توفيره في نياية اليوم الدراسي ولايمكن تركو لمعدد القميل من المدراء ورؤساء  ان عممبية تطوير
ىو مسؤولية المعممين والمدرسين جميعاً فضلًا عن الخبراء والمستشارين والمفتشين والباحثين ومن ىنا جاءت الاقسام، وانما 

فكرة البحث بدراسة مفردات موضوع الادارة اليندسية لبعض الجامعات العراقية والاجنبية ومقارنتيا مع بعضيا فضلًا عن جمع 
العمل من خلال استمارات الاستبيان الموزعة الييم والمعدة بيذا الخصوص  آراء التدريسيين في الجامعات والعاممين في حقل

ومن ثم تحميل اجاباتيم لمتوصل الى الاستنتاج النيائي في مدى مواكبة ىذه المفردات لمصورة المستقبمية لمخريج ولمتطور 
 الحاصل في العموم الحديثة.

 مشكمة البحث :. 2
الخريج يتحمل مسؤولية كبيرة مباشرة بعد التخرج فإن ذلك يعرضو الى ىزات كبيرة قد تنيي مستقبمو الميني بالنظر لكون      

في بداية الطريق ويجعمو ضعيفاً امام الفئات الاخرى ضمن اليرم اليندسي ولكون المناىج اليندسية تتكون من عدد كبير من 
لأخذ بآراء الفئات التي ليا علاقة بالتعميم اليندسي الا ان عممية تطوير المفردات اليندسية وان تطوير ىذه المفردات يتطمب ا

المناىج تعتمد عمى الاسموب التقميدي وذلك من خلال آراء الييئة التدريسية فقط مع العمم ان البعض من اعضاءىا الذين 
من اجل ذلك كمو تم إعداد ىذا البحث، عمماً يشاركون في تطوير المناىج لاتتوفر لدييم الخبرة والدراية الكافية بالواقع العممي 

بأن خلال فترة إعداده تم إصدار المنياج الموحد بين الجامعات في القطر عدا الجامعة التكنموجية ليتم تطبيقو اعتباراً من 
الا ان ذلك لايمنع من مناقشة المنياج الستبق وتأثيره عمى الخريجين للأعوام الماضية مع  2003 – 2002الفصل الاول لمعام 

 تفحص المنياج الجديد وىذا ما سيتم في ىذا البحث.
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 هدف البحث :. 3
ولى من اليدف الرئيسي لمبحث ىو عمل دراسة لممفردات التي تتعمق بموضوع الادارة اليندسية في مناىج المرحمة الاان      

خلال معرفة الحاجة المحمية والمعرفة العالمية مع ملاحظة الحداثة من اجل تقديم ىذه المفردات بما يخدم مصمحة الطالب ومن 
 ثم مصمحة المجتمع بشكل عام.

 منهجية البحث :. 4
 من اجل تحقيق ىدف البحث فان منيجية اجراء تالحث قد اتخذت المراحل التالية :     

: كانت البداية مع الجانب النظري الذي تناول مراجعة الادبيات والمصادر والمجلات العممية الواردة في لنظريالجانب ا 4-1
 ىذا المجال.

لقد انجز الجانب العممي من خلال الاستبيان الميداني لمعرفة آراء المعنيين من التدريسيين في الجامعات  :لعمميالجانب ا 4-2
 بغداد، الموصل، المستنصرية والجامعة التكنموجية وآراء المسؤولين من الميندسين في حقل العمل. العراقية والتي تمثمت بجامعة

وبعد الاطلاع عمى نتائج الاستبيان وتحميميا تم التوصل الى الاستنتاجات المستندة الى واقع الحال وتطويراً للأساليب المطروحة 
 ية.في الدراسة النظرية والمتحققة من الدراسة الميدان

 
 ) الجانب النظري (

 
 :اختيار محتوى المناهج الدراسية  -1

(. 1983يفكر بو الطالب ويتأمل ويجرب ويستنتج ويقوم نتائجو)الحسون، المحتوى الدراسي ىو نشاط عممي تربوي اجتماعي 
 ان المبادئ الاساسية لاختيار محتوى المنيج ىي:

 المؤسسة التعميمية تحقيقيا.ان يتم اختياره بناءً عمى الاىداف التي تحاول  1-1
ان يتم اختياره بحيث يشمل جميع المعمومات والمفاىيم النظرية والتطبيقية والعممية التي من خلاليا يمكن تحقيق  1-2

 الاىداف العممية والتربوية.
الواحدة  ان يتم اختياره بالشكل الذي تنظم فيو الخبرات التعميمية لمادة دراسية معينة مع باقي المواد في المرحمة 1-3

 والموضوع مع بقية المواضيع في المادة الواحدة بحيث يحدث ىذا التنظيم تغييراً ايجابياً في سموك المتعمم.
ان منيجية وضع المقررات الدراسية شأنيا شأن اي عممية تطوير اساسيا العنصر البشري تحتاج ايضاً لكي ينجح تطبيقيا الى 

 (. نقد الفردي والجماعي) جريسونتغدية متكررة من الخبرة ة والحماس وال
 التقويم -2
المنيج، وىو ايضاً المصدر الاساس لمتغيير او ان اىمية التقويم من كونو الوسيمة التي يحكم بيا عمى فاعمية      

 ( وىناك جانبان رئيسيان في عممية التقويم ىما الجانب المعرفي والجانب السموكي. الاول يمكن1979التطوير)عبد الموجود، 
تقويمو بوساطة الامتحانات والاختبارات التي تجري لمطالب لمعرفة مدى نموه وتحصيمو لممعمومات، اما الجانب السموكي فان 
عممية تقويمو تكون معقدة جداً يشترك فييا الكثير من العوامل لأجل التعرف عمى النمو السموكي لمطمبة وتقويمو في ضوء 

 (.1977الاىداف لممنيج)الوكيل، 
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ويفضل في التعميم اليندسي الاستعانة في تقويم المنيج بشكل عام او بخطواتو التفصيمية بالخبراء المتخصصين في التعميم      
اليندسي ممن لدييم مؤىلات رفيعة المستوى من التخصصات اليندسية اضافة الى خبرات واسعة في الصناعة والبحث العممي 

المناىج والوصول الى الطرق السميمة في اعداد وتطوير المناىج الدراسية )ناجار  وذلك لتحديد نواحي الضعف والقوة في
 (.1978اجاراد، 

ويعتمد نجاح العممية عمى القدرة عمى التفاعل الحي مع حقل العمل والمتطمبات التي يعدىا اساسية عند تسمم الخريج،      
 كانية استمرار الخريج عمى التطور لمستويات تعميمية اخرى. وكذلك التطورات المستقبمية المتوقعة في حقل الاختصاص وام

 
 الجانب العممي ( )  

 جمع الموضوعات والمفردات الدراسية : -1
ىي جمع المفردات لمموضوعات المختمفة والمتعمقة بموضوع الادارة الانشائية ان الخطوة الاولى في عممية تطوير المناىج      

في قسم اليندسة المدنية لمجامعات موضوع البحث في داخل القطر وخارجو واجراء مقارنة واعداد جداول مقارنة لآظيار مدى 
سية ومن ثم جمعيا في جداول معينة ) التطابق والاختلاف عمى مستوى الخطة الدراسية مع ملاحظة التباين بالمفردات الدرا

 (.(1)ممحق رقم 
 المقابلات الشخصية : -2

بغية التعرف الى وجيات النظر التي تخص المناىج اليندسية تمت مقابمة عدد من الشخصيات وتوجيو بعض الاسئمة )     
 ( ومن ىذه الشخصيات:(2)ممحق رقم 

 : المسؤولين عن التعميم اليندسي 2-1
عميد الكمية ومعاون العميد ورئيس القسم المعني ونخبة من التدريسيين ذوي العلاقة بيذه الموضوعات  شممت ىذه الفئة     

لسماع آرائيم حول التباين بالخطة الدراسية لقسم اليندسة المدنية ليذه الجامعات والتباين والتطابق في المفردات وسماع 
 تفسيراتيم لذلك.

 حقل العمل : المسؤولين في 2-2
تم اختيار عدد من المسؤولين بآرائيم النقدية انتاج الجامعات وعرضت عمييم اسئمة تخص نوعية الخريج الجديد ودونت      

ملاحاظاتيم عنو وعن نواحي الخمل في إعداده ان وجدت ومدى كفاءتو في أداء العمل ومدى قيام المؤسسات بتدريب عممي 
 لمخريج الجديد.

 الاستبيان : -3
تخص المفردات الدراسية تم إعداد استمارتين، الاولى خاصة بأعضاء الييئة لغرض التعرف عمى وجيات النظر التي      

(( والتي تيدف الى معرفة وجيات نظرىم بمدى مواكبة مفردات المناىج الدراسية لموضوع الادارة 3التدريسية )ممحق رقم )
لحاصمة في مجال العموم والتطبيقات اليندسية. والاستمارة الثانية خاصة بالمسؤولين في الانشائية لمتطورات العممية والتكنموجية ا

(( لمعرفة وجيات نظرىم بمدى مواكبة مفردات ىذه المناىج لمتطمبات الصورة المستقبمية لمميندس 4حقل العمل )ممحق رقم )
 في اختصاص اليندسة المدنية.
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 اختيار نوع العينة وحجمها : -4
لوصول الى الاىداف المرجوة من البحث تم اختيار العينة من اعضاء الييئة التدريسية ممن أسيم في التدريس بغية      

النظري والعممي لموضوعات الادارة الانشائية المباشرة وغير المباشرة التي تضمنيا البحث، وعدد من المسؤولين في حقل العمل 
لى قيادة زملاءىم من الميندسين عند تأديتيم لعمميم اليندسي التصميمي أو حيث يكون جزء كبير من واجبيم أو جمو موجياً ا

( سنوات، وقد بمغ عددىم 10عمميم تزيد عمى )الاشرافي أو الصيانة أو التشغيل أو غيرىا، وقد كانوا من ذوي الخبرة في مجال 
ختيار فترة الثقة مساوية الى ( حيث تم اASTM-E122-79( مستبيناً وذلك اعتماداً عمى المواصفة اأمريكية )28)
(9997.)% 

 تحميل النتائج ومناقشتها : -5
 بعد الانتياء من الجانب العممي تم جمع النتائج وكما يمي :     

 : نفيما يخص الاستبيا 4-1
لقد تم جمع الاجابات عمى الاسئمة الواردة في استمارات الاستبيان. ولما كانت عممية تحميميا تستوجب التعامل مع  4-1-1

عشرات الألوف من العمميات الحسابية والتي تعجز الأساليب الإحصائية الشائعة عن تحميل نتائج الاستبيان ىذه ) كالمتوسط 
تبين القيم المثمى ىمية اختيار الاسموب الرياضي المناسب لمحصول عمى دلالات واضحة الحسابي، والانحراف المعياري(. ولأ

التي تحصل عمييا المفردات من خلال اجابات التدريسيين والمسؤولين في حقل العمل والذي يسيل عرض وتحميل النتائج 
بة حول المفردات الدراسية عمى أسس عممية لذا بالشكل الذي يساعد متخذي القرار ) القسم العممي ( عمى اتخاذ القرارات المناس

تم استخدام طريقة الإرتباط التي تعطي صورة واضحة لمقيم المثمى والخمل الذي تحصل عميو كل مفردة من المفردات الدراسية، 
مسؤولين والذي حيث تم احتساب معامل الإرتباط بين مجموع المفردات الدراسية لمموضوع والإرتباط بين إجابات التدريسيين وال

( SPSS(( وقد تم استخدام الحاسوب الالكتروني وتطبيق البرنامج الإحصائي )5( )ممحق رقم )1-( و )1تتراوح قيمتو بين )+
 لتحقيق ذلك.

تشير النتائج المستحصمة من الارتباطات بين اجابات اعضاء الييئة التدريسية والمسؤولين في حقل العمل الى ان نسبة      
%( من مجموع المفردات، في 93( بمغت )0.5المفردات الدراسية التي حصمت عمى ارتباطات جيدة )معامل ارتباط اكبر من 

%( من مجموع 7( بمغت )095ت عمى ارتباطات ضعيفة )معامل ارتباط اصغر من حين ان نسبة المفردات الدراسية التي حصم
المفردات تركزت نسبة كبيرة منيا في موضوع مبادئ عمم الحاسبات وبرمجة الحاسبات والاقتصاد اليندسي وبدرجة اقل في 

قبمية لمميندس المدني أو انيا موضوع مواد البناء. ان ىذه النسبة تشير الى ضعف مواكبة ىذه المفردات الى الصورة المست
ىذه المفردات ومدى تأثيرىا عمى الصورة  تشير الى اختلاف في وجيات النظر بين التدريسيين والمسؤولين حول مفيوم

 المستقبمية لمخريج، ان الاحتمالين يمثلان مؤشراً سمبياً عمى مستقبمو يستوجب إعادة النظر.
ت الدراسية في الجامعات المختارة كنموذج لمبحث بأن موضوع الادارة الانشائية لقد لوحظ من خلال مقارنة المفردا 4-1-2

خصص لو فرع مستقل في الجامعة التكنموجية بإسم ) فرع البناء والادارة الانشائية ( في حين يدرس ىذا الموضوع ضمن 
اصبح تدريس الجامعة التكنموجية متخصصاً المنياج العام لقسم اليندسة المدنية في الجامعات النظرية ) غير التقنية ( وبذلك 

 في الادارة الانشائية مقارنةً مع الجامعات النظرية برغم اختلاف مواصفات الخريج بينيما.
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ان مواصفات الخريج في الجامعات النظرية ان يكون ميندساً مدنياً مخطط ومصمم لديو المعارف الأساسية ويكون قادراً      
دنية الموكمة اليو اضافة الى قدرتو عمى التصميم الخاص بأعمال اليندسة المدنية. ومن ىنا جاءت عمى تنفيذ المشاريع الم

اىمية البحث في التركيز حول موضوع الادارة الانشائية، حيث ان لخريج باعتباره ميندس عام يحتمل ان يمارس اي جزء من 
جو للاستمرار بالدراسة بالبحث العممي. فاذا كان الاتجاه في العممية اليندسية كأعمال التصاميم أو اعمال التنفيذ أو ان يت

بالبحث العممي فان ىذا التوجو الجانب الأول فأنو بالتأكيد سوف يحتاج الى الجانب الاداري بدرجة أو بأخرى، اما الاتجاه 
 ارة انشائية.يستوجب دراسة موضوع الادارة الانشائية بشكل دقيق وكافي خصوصاً اذا كان البحث باختصاص الاد

كذلك لوحظ من مقارنة المفردات عدم تغطية مفردات بعض الواضيع لما يفيد الادارة الانشائية ومنيا مفردات موضوع  4-1-3
الاقتصاد اليندسي فانيا في الجامعات النظرية لاتضم جميع المفردات التي تخدم الادارة الانشائية بالشكل المطموب حيث انيا 

ليس اقتصاد ىندسي، بينما نجد في منياج الجامعة التكنموجية تم تفصيل ىذه المفردات تمثل مفردات اقتصاد بشكل رئيسي و 
بشكل عممي يفي بالغرض يمكن الطالب من تطبيق الادارة الانشائية بشكل فعمي بعد تخرجو، وبدلًا من معالجة ىذا الأمر نجد 

د اليندسي ( موضوعاً اختيارياً الأمر الذي سيؤثر اعتبار موضوع ) الادارة والاقتصافي المنياج الحديث لمجامعات النظرية 
 بشكل سمبي عمى الخريج لموضوع الادارة الانشائية وذلك لإحتمالية اختيار مواضيع اخرى بدلًا عنو في السنوات القادمة.

 نتائج المقابلات الشخصية : 4-2
ورؤساء الأقسام والمسؤولين في حقل العمل لقد تبين من المقابلات الشخصية مع بعض التدريسيين بمستوى العمداء  4-2-1

( الى  Construction Managementبأن ىناك تأييداً لتصنيف البحث لممواضيع من حيث علاقتيا بالادارة الانشائية ) 
 مواضيع ذات علاقة مباشرة وتشمل مواضيع )مواد البناء، انشاء المباني، تقنية الخرسانة، طرق الانشاء والنعدات والتخمين(

 Engineeringوموضيع ذات علاقة غير مباشرة بالادارة الانشائية بينما ليا علاقة مباشرة بموضوع الادارة اليندسية )
Management  ( وتشمل مواضيع ) الادارة اليندسية، الاقتصاد اليندسي، الاحصاء اليندسي (، وقد أكدت المقابلات بأن

ن جميع المواضيع غير المباشرة التي يجب أخذىا بنظر الاعتبار في منياج المواضيع غير المباشرة لازالت مشوشة ولاتتضم
 الادارة الانشائية.

موضوع عمم الحاسبات فقد أشارت الاجابات الى المنياج الحديث والذي ينقصو التطبيقات الحاسوبية أما فيما يخص  4-2-2
بإسم )تطبيقات الحاسوب في اليندسة الانشائية( لكل اختصاص في اليندسة المدنية لذا تم اقتراح استحداث موضوع آخر 

 لتحقيق ذلك.
وقد تم جمع الآراء حول امكانية استخدام التقنيات الحديثة كالبريد الالكتروني وشبكة المعمومات )الانترنت( كمراجع لمطالب      

تربية والتعميم في )التأكيد عمى اعتبار اضافة الى الكتاب المنيجي والمكتبة استناداً الى المؤشر المعتمد في مناقشات ورقة ال
الكتاب المنيجي يمتمك الحد الأدنى من المعمومات العممية عمى ان يقوم الاستاذ والطالب باستخدام الكتب المساعدة أو اي 

كة (، فقد كان ىناك تأييداً لذلك وقد تم الاستعانة بمراكز شب1981 مصادر اخرى لمتوسع في العموم والمعرفة()مناقشات،
( والطموح في التطور في Hard wareالحسبية )المعمومات في بعض الكميات اليندسية وحسب الامكانيات المتوفرة لممعدات 

 ىذا المجال في المستقبل القريب.
تجدر الاشارة ىنا الى موضوع التدريب الصيفي الذي اشير اليو خلال المقابلات حيث ان اليدف من ىذا الموضوع  4-2-3

حدد بتعريف الطالب بالعمل والاحتكاك ما أمكن بقطاعات العاممين عمى اختلاف اصنافيم من اجل الربط بين المؤسسات 
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(، حيث أيدت الآراء ضرورة تأكيد ىذا الموضوع عمى تدريب الطالب عمى 1981الانتاجية وبين الدراسة الجامعية )مناقشات، 
 تطبيقات الادارة الانشائية وبدرجة اكبر عمى خريج الجامعة التكنموجية مقارنة مع الجامعات النظرية.

لمميندس المدني وفيما يتعمق بمفردات موضوع الادارة الانشائية بأنيا مفردات عديدة وميمة إتضح من ىذه المقابلات  4-2-4
والانشائي الا انيا مكبوسة في مادة واحدة وانيا تمثل خميط غير منتظم في الجامعات النظرية في حين تم توزيع ىذه المفردات 

 بشكل أوفى لمغرض في الجامعة التكنموجية.
 الاستنتاجات والتوصيات : -6
ن شأنيا رفع مستوى التعميم اليندسي فيما يخص يمكن استعراض بعض الاستنتاجات التي توصل الييا البحث والتي م     

 موضوع الادارة الانشائية :
عند تطوير المنياج لابد من إعتماد آراء الميندسين العاممين في حقل العمل وقد تبين بأن الميندسين الذين تزيد مدة  6-1

وتبعاً لظاىرة تقادم المعرفة  ج الدراسية( سنوات ىم أفضل فئة تستطيع تحديد الخمل في المناى10)خدمتيم في حقل العمل عمى 
 فقد لاينطبق ىذا عمى مناىج اليندسة الكيربائية أو الحاسبات.

ترونية كلابد من أن يتم التركيز عمى الميادين التي تشيد في العالم تطوراً عممياً وتكنموجياً سريعاً كميدان الحاسبة الال 6-2
ت اليندسة المدنية الأخرى اضافة الى شبكة المعمومات، البريد الالكتروني وغيرىا وتطبيقاتيا في الادارة الانشائية واختصاصا

وتوظيفيا لخدمة المناىج الدراسية ومنيامنياج الادارة الانشائية واعتبارىا مراجع اخرى لمطالب اضافة الى الكتاب المنيجي 
 والمكتبة التقميدية.

لتدريب الطمبة ضمن موضوع التدريب الصيفي بالتسيق بين القسم العممي والمؤسسات  ةمتكامم ان يتم وضع برامج تدريبية 6-3
التدريبية فيما يتعمق بتطبيقات الادارة الانشائية بحيث يراعى فييا امكانية ىذه المؤسسات والخبرات التعميمية التي يحتاج الييا 

 الطالب من خلال ىذا التدريب.
بلات الشخصية ضرورة ان تتم دراسة مفردات موضوع مبادئ عمم الحاسبات والبرمجة أوضحت نتيجة الاستبيان والمقا 6-4

وموضوع الاقتصاد اليندسي بما يخدم الصورة المستقبمية لمخريج كميندس مدني، وبرغم تعديل المنيج الحديث فيما يخص عمم 
 ية والاختصاصات الاخرى.الحاسبات الا انو لازال يفتفر الى تطبيقات الحاسوب في موضوع الادارة الانشائ

الادارة الانشائية لكونيا حالياً وبرغم صدور المنياج الجديد فانيا تمثل خميط غير كما اكدت ضرورة تفصيل مفردات      
متجانس من مفردات مكبوسة في مادة واحدة لاتخدم الغرض الرئيسي من موضوع الادارة الانشائية، ىذا اضافة الى ضرورة 

اليندسة رة اليندسية أحد المواضيع الرئيسية في المنياج وليس اختيارياً كونو موضوع ييم الخريج في قسم جعل موضوع الادا
المدنية والاقسام اليندسية الاخرى والأخذ بنظر الاعتبار منياج الجامعة التكنموجية ونظرة الجامعة الى مدى اىمية الادارة 

 الانشائية في مستقبل الميندس الانشائي.
 المستقبمية : البحوث -7

 إكمال البحث اعلاه بدراسة المنياج من خلال الساعات الاسبوعية والوحدات ونسبتيا من الساعات والوحدات الكمية. 7-1
لقد تم في ىذا البحث در اسة مفردات موضوع الادارة الانشائية لمدراسات الاولية، يمكن اجراء الدراسة ذاتيا بالنسبة  7-2

 لمدراسات العميا.
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عرفة مدى ( سنوات لم5-1اوح خدمتيم بين )وكمرحمة متممة ليذا البحث يمكن معرفة آراء الميندسين الجدد الذين تتر  7-3
 استفادتيم الفعمية من المفردات الدراسية لموضوع الادارة الانشائية.

 
:العربيةلمصـــادر ا  

 بغداد  ،الطبعة الاولى ،المقترح لتطويرىا "" المناىج الدراسية والاسموب ،حارث طو ،طو تايو والجميمي ،النعيمي
1988. 

 مجمة  ،جامعة بغداد ،كمية التربية ،" اعتبارات اساسية في بناء المناىج الاساسية وتنظيماتيا "،عبد الرحمن ،الحسون
 .1983كانون الاول  ،العددان الاول والثاني ،يالتربو 

 الجزء الخامس ،سمسمة دراسات في التعميم اليندسي ،اليندسي "" وضع المقررات الدراسية لمتعميم ،لورنس ،جريسون، 
 القاىرة. ،دار لوتس لمطباعة ،اليونسكو

 1977القاىرة  ،2ط/ ،دار الطباعة لمثقافة والنشر ،" اساسيات المناىج وتنظيماتيا "،محمد عزب ،عبد الموجود. 
 القاىرة  ،مكتبة الإنجمو مصرية ،معوقاتو " ،واتوخط ،أساليبو ،أسسو ،اسبابو ،" تطوير المناىج،حممي احمد ،الوكيل

1987. 
 32العدد  ،مجمة العمم والمجتمع ،ترجمة عمر مكاري ،" الجامعة قاعدة لتنمية العمم والتكنموجيا "،ناجار اجاراد ،ك، 

 .1978السنة الثامنة 
 والتعميم العالي في القطر خلال " اتجاىات ومؤشرات قطاع التربية ، مناقشات ورقة عمل قطاع التربية والتعميم

 . 1981بغداد  ،وزارة التربية في الجميورية العراقية ، "1985-1981السنوات 
 :الاجنبيةالمصادر 

ASTM – E122 – 79, “Standard Recommended Practice for choice of Sample Size to Estimate 
the Average Quality of a Lot or Process “. 

 
 (1رقم )ممحق 

 جدول المفردات الدراسية
 اسم الموضوع :

 لا أعمم غير مواكبة مواكبة المفردات الدراسية لمموضوع ت
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 (2ممحق رقم )
 الاسئمة الخاصة بالمقابلات الشخصية لعمداء الكميات اليندسية ورؤساء الاقسام المعنية

 ماىي المواصفات المطموبة في الميندس الخريج من تمك الجامعة؟ ) خاص بالسادة العمداء ( : -1
بالنسبة لممواضيع المدرجة ادناه ماىي برأيك المواضيع المباشرة والمواضيع غير المباشرة )المميدة( لموضوع  -2

 الادارة اليندسية ؟
 مواد البناء ●
 انشاء المباني ●
 تقنية الخرسانة ●
 طرق الانشاء والمعدات والتخمين ●
 الادارة اليندسية ●
 الاقتصاد اليندسي ●
 الاحصاء اليندسي ●
 مبادئ عمم الحاسبات ●
 برمجة الحاسبات ●

بالنسبة الى موضوع عمم الحاسبات، ىل برأيك ضرورة تدريسو كمغة برمجة كما ىو عميو الان أم كتطبيقات  -3
 من اليندسة المدنية ؟ ت ذلك الفرعلبرامج الحاسوب في موضوع الادارة الانشائية وحسب متطمبا

ماىي إمكانية استخدام التقنيات الحديثة : البريد الالكتروني، الانترنت وغيرىا كمراجع حديثة يستعين بيا الطالب -4
اضافة الى الكتاب المنيجي والمكتبة التقميدية ويمكن الاشارة الييا ضمن مفردات موضوع الحاسبات أو ضمن 

 مفردات الموضوع ذاتو ؟
 
 

 (3رقم )ممحق 
 الاستبيان الموجه الى التدريسيين في الكميات الهندسية

 الأستاذ الفاضل ...
إن إسيامك في تطوير مفردات مواضيع الادارة اليندسية في الكميات اليندسية لجعميا اكثر فاعمية في عمميات التنمية      

الاقتصادية والاجتماعية لمقطر يتم من خلال الأخذ بنظر الاعتبار الإجابات التي تتفضمون بيا مشكورين عمى فقرات ىذا 
بة ىذه المفردات لمتطورات العممية والتكنموجية الحاصمة في مجال العموم الاستبيان وتحميميا وذلك بتوضيح درجة مواك

والتطبيقات اليندسية من وجية نظرك والتي تتضمن مفردات المواضيع المشتركة وغير المشتركة بين الكميات اليندسية لموضوع 
ة في الجامعات المحمية والاجنبية ضمن الادارة اليندسية اضافة الى المواضيع الجديدة التي تدرس في بعض الكميات اليندسي

 ازاء كل مفردة من مفردات الموضوع .(  Xموضوع الادارة اليندسية وذلك بوضع علامة ) 
 يرجى تدوين المعمومات الآتية :

 اسم الكمية او الجامعة : -1
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 الشيادة والاختصاص : -2
 مدة الخدمة في التدريس : -3
 المواد التي تقوم بتدريسيا : -4

 
 (4ممحق رقم )

 الاستبيان الموجه الى المسؤولين في حقل العمل
 الاستاذ الفاضل ...

إن إسيامك في تطوير مفردات مواضيع الادارة اليندسية في الكميات اليندسية لجعميا اكثر فاعمية في عمميات التنمية      
الاقتصادية والاجتماعية لمقطر يتم من خلال الأخذ بنظر الاعتبار الإجابات التي تتفضمون بيا مشكورين عمى فقرات ىذا 

بة ىذه المفردات لمتطورات العممية والتكنموجية الحاصمة في مجال العموم الاستبيان وتحميميا وذلك بتوضيح درجة مواك
والتطبيقات اليندسية من وجية نظرك والتي تتضمن مفردات المواضيع المشتركة وغير المشتركة بين الكميات اليندسية لموضوع 

ة في الجامعات المحمية والاجنبية ضمن الادارة اليندسية اضافة الى المواضيع الجديدة التي تدرس في بعض الكميات اليندسي
 ( ازاء كل مفردة من مفردات الموضوع . Xموضوع الادارة اليندسية وذلك بوضع علامة ) 

 يرجى تدوين المعمومات الآتية :
 اسم الدائرة او المشروع : -1
 العنوان الوظيفي : -2
 الشيادة والاختصاص : -3
 مدة الخدمة في حقل العمل : -4

 
 ة المشتركة :جدول المفردات الدراسي

 لممواضيع المباشرة : -1
 

 مواد البناء اسم الموضوع :
 لا أعمم غير مواكبة مواكبة المفردات الدراسية لمموضوع ت
    خواص مواد البناء -1
    الطابوق الطيني والرممي -2
    المونة -3
    الخشب -4
    الحجارة البنائية -5

 اسم الموضوع : انشاء المباني
    اعمال الطابوق -1
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    اعمال الحجارة -2
    السقوف والارضيات -3
    اعمال الخرسانة -4
    الابوبا والشبابيك -5
    اعمال الانياء -6
    الاسس والركائز -7
    السلالم -8

 اسم الموضوع : تقنية الخرسانة 
    الركام المستخدم في الخرسانة -1
    الخرسانيةتصميم الخمطات  -2
    خواص الخرسانة الطرية والمتصمدة -3
    المضافات -4
    صناعة السمنت وخواصو -5
    انواع السمنت -6

 اسم الموضوع : طرق الانشاء والمعدات والتخمين
    عممية الانشاء -1
    الكوادر ضمن المشروع الانشائي -2
    ادارة المشروع -3
    والمقاولدور الميندس  -4
    برمجة العمالة -5
    انواع المعدات -6
    ادارة المعدات -7
    الاعمال الترابية -8
    صناعة الخرسانة -9
    تقدير الكمفة -10
    قياس الكميات -11
    دراسة التسعير -12
    المواصفات الفنية  -13

 اسم الموضوع : الادارة الهندسية
    المقاولاتانواع  -1
    طرق برمجة المشاريع -2
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    تسارع او تقميص مدة المشروع -3
    ادارة الموارد -4

 
 : المواضيع غير المباشرة ) الممهدة (

 
 اسم الموضوع : الاقتصاد الهندسي

 لا أعمم غير مواكبة مواكبة المفردات الدراسية لمموضوع ت
    المدخل الى عمم الاقتصاد -1
    التكاليف -2
    الميل والمرونة في الدول الاقتصادية -3
    الريع وقوانينو -4
    الاندثار -5

 اسم الموضوع : الاحصاء الهندسي
    وصف وتصنيف البيانات -1
    التوزيع التكراري -2
    قياسات النزعة المركزية -3
    التوزيع التكراري المتراكم -4
    الاحتمالاتنظرية  -5
    التوزيع الطبيعي -6

 اسم الموضوع : مبادئ عمم الحاسبات
 اسم الموضوع : برمجة الحاسبات

    نظرة تأريخية عن الحاسبات -1
    المكونات الفيزيائية لمحاسبة -2
    الخوارزميات -3
    المخططات الانسيابية -4
    لغة بيسك -5
    الثوابت والمتغيرات  -6
    الدوال المكتبية -7
    عبارات الإدخال والإخراج -8
    المشروط التفرع المشروط وغير -9
    الدوال التكرارية -10
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    المصفوفات -11
    البرامج الفرعية -12
    لغة فورتران -13
    الممفات -14

 
 جدول المفردات الدراسية غير المشتركة :

 لممواضيع المباشرة : -1
 

 الموضوع : مواد البناء اسم
 لاأعمم غير مواكبة مواكبة تدرس في جامعة المفردات الدراسية لمموضوع ت
    بغداد فحص المعدات وقياس الاجياد -1
    = اختبار المقالع -2
    = البلاطات الفسيفسائية -3
    المستنصرية الثرموستون -4
    = الطابوق الخرساني -5
    = الموزائيكالكاشي  -6
    الموصل الكاشي انواعو ومواصفاتو وفحوصو -7
    = الجص وفحوصاتو -8
انواع  ،تركيب المواد/التركيب الذري -9

 آلية الفشل لممواد ،الروابط
تكنموجيا/ىندسة البناء 

 وادارة المشاريع
   

المواد غير  ،حالات المادة/المواد المعدنية -10
 المواد السيراميكية ،المعدنية

=    

 ،التصنيف ،الفولاذ/التكوين والتصنيع -11
 ،الخواص القياسية ،الفحوصات ،الخواص

 الاستعمالات

=    

خواصيا  ،المواد القيرية/مصدرىا-المدائن -12
 واستعمالاتيا

=    

المستنصرية/ىندسة  الخشب -13
 المواد

   

    = مواد الاكساء -14
    = الحديد -15
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    = الزجاج -16
 ،الضغوط ،الخواص ،الانابيب/التصنيف -17

 ،الفحوصات القياسية ،النواع العيوب
 المواصفات ،الحماية

نموجيا/ىندسة تك
 صحية

   

 اسم الموضوع : انشاء المباني
بغداد9 الموصل9  الاعمال الترابية -1

 المستنصرية
   

    = منع الرطوبة والمعالجات -2
    = والعتبات المنحنيةالعتبات  -3
    = الاعمدة -4
    = التفصيل الانشائي -5
    = المنشآت الحديدية والخشبية -6
    المستنصرية الأقواس -7
    = الدعامات -8
    الموصل المفاصل -9
    تكنموجيا/ه.انشاءات طرق التحميل في البناء -10
    = البناء بالبموك -11
    = الرابطةالمواد  -12
    = مقدمة عن المشآت واليياكل المعدنية -13

 اسم الموضوع : تقنية الخرسانة
    بغداد طرق متقدمة في فحص الخرسانة -1
المستنصرية،  ديمومة الخرسانة : الانكماش، الزحف -2

 التكنموجيا
   

    الموصل الاحصاء والسيطرة النوعية -3
    تكنموجيا الموقعية، المواصفات (السيطرة الحقمية )  -4
    = الخرسانة الخفيفة والعالية الكثافة -5

 اسم الموضوع : طرق الانشاء والمعدات والتخمين
    بغداد، المستنصرية عوامل نجاح تحقيق المشروع -1
    = ادارة المشروع -2
    بغداد برمجة المشاريع الانشائية -3
    = البناء الجاىز -4
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    بغداد، مستنصرية التقرير الشامل -5
    مستنصرية مراحل التشييد -6
    = طرق التشييد -7
    الموصل ترسيخ وحدل التربة -8
    = اعمال الحقن للأسس -9

 الموضوع : ادارة المشاريع الانشائيةاسم 
    تكنموجيا/ه.بناء وادارة مبادئ واىداف ادارة المشاريع -1
    = الادارة واىميتياعناصر  -2
    = التخطيط واساليبو المختمفة -3
    = التنظيم واليياكل التنظيمية -4
    = الادارة والتوجيو -5
    = دراسات العمل والانتاجية -6
    = التدفقات النقدية تحميميا والتنبؤ بيا -7
اساليب المتابعة والسيطرة عمى كمف  -8

 الاعمال
=    

    = ادارة المخازن والسيطرة عمى التخزين -9
    = مبادئ في حسابات الكمفة -10
    = تمويل المشاريع الانشائية -11
    = اتخاذ القرارات -12
 University of شراء واستعمال المعدات -13

Kansas/Civil and 
Environmental 
Engineering 

   

 اسم الموضوع : طرق الانشاء
اليندسية/مقاومة الحرجة، مقاومة  الأسس -1

 الإنحدار، القوالب لممنشآت الخرسانية
    تكنموجيا/ه.انشاءات

مكائن الضخ/الخباطات، اليزازات، صب  -2
 الخرسانة

=    

 اسم الموضوع : الادارة
    تكنموجيا/ه. صحية التنبؤ بالتفقات النقدية -1
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 : لمموضيع غير المباشرة )الممهدة( -2

 
 الموضوع : الإقتصاد الهندسياسم 
 لاأعمم غير مواكبة مواكبة تدرس في جامعة المفردات الدراسية لمموضوع ت
    بغداد اقتصاديات المؤسسات -1
    = الايرادات -2
    = الاستيلاك -3
طرق احصائية واستخداميا في الاقتصاد  -4

 اليندسي
=    

    المستنصرية التقويم والوصف -5
    = دراسة الكمف الدنيا -6
7- Break-even cost analysis      =    
واجبات الميندس في المراحل المختمفة  -8

 لممشروع الانشائي
    موصل

    = السلامة المينية -9
    = الأسس والقوانين الاقتصادية -10
    = الإستبدال -11
    = التضخم -12
    تكنموجيا/ه.بناء وادارة اسموب صافي القيمة الحالية -13
    = الإقراض والتمويل -14
    = الضرائب -15
    = الربحية والانتاجية -16
    = مؤشرات الكمف والأسعار -17

 اسم الموضوع :الاحصاء الهندسي
    بغداد التوزيع التكراري المتراكم -1
    = المدرج -2
المضمع التكراري، المضمع التكراري  -3

 المتراكم
=    

    = التوزيع ذو الحدين -4
    الموصل الانحدار والارتباط البسيط -5
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، الكفاءة نظرية التخمين، التخمين والمخمن -6
والكفاية والتواؤم، مستوى الثقة في 

التخمين، مستوى الثقة للأوساط والنسب 
 والفروق والمجموع، اختيار حجم العينة

    تكنموجيا

العينات: طرق المعاينة، توزيع نظرية  -7
المعاينة، توزيع المعاينة للأوساط والفروق 

 والمجموع

=    

نظرية القرار الاحصائية: اختبار الفرضية  -8
 وادلالة، الأخطاء الاحصائية

=    

المستنصرية/ىندسة  لمتباينات -اختبار الفرضية لممتوسطات  -9
 المواد

   

المستنصرية/ىندسة  معامل الارتباط -10
المواد، ىندسة الطرق 

 والنقل

   

المستنصرية/ىندسة  الانحدار الخطي -11
المواد، ىندسة الطرق 

 والنقل

   

المستنصرية/ىندسة  علاقة الاحصاء اليندسية بالمواد -12
 المواد

   

المستنصرية/ىيندسة  طريقة المربعات الصغرى -13
 الطرق والنقل

   

 مبادئ عمم الحاسباتاسم الموضوع : 
 اسم الموضوع : برمجة الحاسبات

    المسنتصرية/الموصل ات البرمجةلغ -1
    الموصل التغييرات الموسومة -2
    = الحساب العددي -3
أسس عمل الحاسبة، وحدة المعالجة  -4

 المركزية
    تكنموجيا

    = الخزن -5
    = الحساب والمنطق -6
    = السيطرة -7



Journal of Engineering         Volume    22   March  2016  Number 3 
 

 

37 

 

بين الوحدات كيف تتناقل المعمومات -8
 والاجزاء المختمفة

=    

    = الماكنة -9
    بغداد والمستنصرية الرسم -10
11- Hidden lines & surface renewal 

algorithm 
    المستنصرية

    = طرق عددية -12
مخططات الانسيابية وتطبيقاتيا لغة  -13

 فورتران
    موصل

    = المسائلتحميل  -14
    = المبادئ العامة لمتحميل العددي -15
    = حل المسائل بطريقة نيوتن رامتن -16
    = حل المعادلات التفاضمية بطريقة انج كوتا -17
    = تكامل -18
المستنصرية/ىندسة  برمجة بمغة فورترتن -19

 المواد
   

    = التحميل العددي -20
    = الانسيابيةالمخططات  -21
المستنصرية/ىندسة  77 -فورتران  -22

 الطرق والنقل
   

    = طرق عددية -23
 

 جدول المواضيع غير المشتركة :
 

الجامعة التي يدرس  اسم الموضوع
 فيها

 لاأعمم غير مواكبة مواكبة

تكنموجيا/ىندسة البناء  تصميم وادارة النظم اليندسية
 وادارة المشاريع

   

    = وادارة المشاريع الصحيةتنفيذ 
    = السيطرة النوعية عمى عمميات الانشاء

    =تطبيقات الحاسوب في ىندسة البناء وادارة 
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 المشاريع
    تكنموجيا/ىندسة صحية السيطرة والتشغيل لممشاريع الصحية

المستنصرية/ىندسة  مبادئ عمم المواد
 المواد

   

    = ىندسة المعادن
     البوايمرات

    = تكنموجيا المواد اليندسية
    = المواد شبو الموصمة

    = فحص المواد والسيطر ة النوعية
    = السيراميك

    = المواد المركبة
المستنصرية/ىندسة  ادارة وصيانة الطرق

 الطرق والنقل
   

 
 : جدول المواضيع غير المشتركة في الكميات الهندسية لمجامعات الاجنبية

 
الجامعة التي يدرس  اسم الموضوع

 فيها
 لاأعمم غير مواكبة مواكبة

Knowledge-Based Expert System Civil and 
Environmental 
Engineering 

   

Cost Control Techniques =    
 Contract Administration & Claims 
Resolution 

=    

Project &Company Management =    
Construction Equipment University Of 

Kansas and 
Environmental 
Engineering  

   

Work Management in Construction =    
Financial Concept in Construction =    
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Construction Management Techniques 
/Phased Contract, Value Engineering, 
Environmental and Political 
Construction 

=    

Construction Project Controls =    
Work Management in Construction =    
Advanced Project Planning and 
Control  

University of 
Alberta 

   

 
 :  ملاحظة

القطر ؟ وماىي ىذه ىل من الضروري انضمام ىذه المواضيع الى مواضيع الادارة الانشائية في كمياتنا اليندسية في 
 المواضيع ؟ اذكرىا رجاءً.
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 تسمسل المفردات

معامل ارتباطات المفردات الدراسية موضوع طرق الانشاء  ( : 5)ممحق رقم 
 والمعدات والتخمين


