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ABSTRACT 

Fatigue cracking is the most common distress in road pavement. It is mainly due to the 

increase in the number of load repetition of vehicles, particularly those with high axle loads, 

and to the environmental conditions. In this study, four-point bending beam fatigue testing 

has been used for control and modified mixture under various micro strain levels of (250 μƐ, 

400 μƐ, and 750 μƐ) and 5HZ. The main objective of the study is to provide a comparative 

evaluation of pavement resistance to the phenomenon of fatigue cracking between modified 

asphalt concrete and conventional asphalt concrete mixes (under the influence of three 

percentage of Silica fumes 1%, 2%, 3% by the weight of asphalt content), and (changing in 

the percentage of asphalt content) by (0.5% ±) from the optimum. The results show that when 

Silica fumes content was 1%, the fatigue life increases by 17%, and it increases by 46% when 

Silica fumes content increases to 2%, and that fatigue life increases to 34 % when Silica 

fumes content increases to 3% as compared with control mixture at (250 μƐ, 20°C and 

optimum asphalt content). From the results above, we can conclude the optimum Silica fumes 

content was 2%. When the asphalt content was 4.4%, the fatigue life has increased with the 

use of silica fumes by (50%), when asphalt content was 5.4%, the additives had led to 

increasing the fatigue life by (69%), as compared with the conventional asphalt concrete 

pavement. 
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الخرسانه الاسفلتيه المحسنه رصفة تصرف الكلال في  
 سعد عيسى سرسم                                                        عمار خلف جبار اللامي

 طبنب يبجسخٍش                                                           اسخبر             

 جبيعّ بغذاد,كهٍّ                                                           جبيعّ بغذاد, كهٍّ 

 انًذٍَّانُٓذسّ,قسى انُٓذسّ انًذٍَّ                                     انُٓذسّ, قسى انُٓذسّ 

 الخلاصه 

فً  انكبٍشة. ٔانسبب الاسبسً فً حذٔد ْزِ انًشكهّ ْٕ انضٌبدِ حشققبث انكلال حعخبش الاكثش شٍٕعب فً انطشق الاسفهخٍّ 

 انذساست،ٔانضشٔف انبٍئٍّ. فً ْزِ  , اٌضب انًحٕسٌت ٔعذد يشاث حكشاس انحًبل يصحٕبّ بضٌبدِ الاحًبل عذد انًشكببث

تحت  ةوالاعتيادي المعدلة الإسفلتية الخرسانة خلطة لتقييم four-point bending beam fatigueحى اسخخذاو فحص 

اٌ انٓذف انشئٍسً يٍ انذساست ْٕ يقبسَّ حقًٍٍٍّ  5HZ.ٔ( μƐ, 400 μƐ, 750 μƐ 250) متغير مستوى انفعالتأثير 

% 1%,2%,3) ثلاد َسب يٍ ابخشة انسٍهٍكب حأثٍشنًقبٔيت ظبْشة انكلال بٍٍ انشصفت انًحسُت ٔانشصفت الاعخٍبدٌت ححج 

. انُخبئج بٍُج اَّ عُذيب كبَج ( عٍ انُسبت انًثهى±0٫5حغٍش َسبّ الاسفهج بًقذاس )ٔ (،سًُخًكُسبّ يٍ ٔصٌ الاسفهج الا

% عُذيب صادث َسبّ ابخشة 46بًقذاس شصفتٔ صاد عًش ان ,%17بًقذاس  شصفتصاد عًش ان %1 َسبّ ابخشة انسٍهٍكب

 (μƐ, 20°C 250)%,3% عُذيب صادث َسبّ َسبّ ابخشة انسٍهٍكب انى 34ٔصاد عًش انخبهٍظ بًقذاس  ,%2انسٍهٍكب بًقذاس

كبَج َسبّ %. ٔعُذيب 2ٔيٍ انُخبئج اعلاِ حبٍٍ اٌ انُسبّ انًثبنٍّ لاضبفّ يبدِ ابخشة انسٍهكب ْٕعُذ َسبت الاسفهج انًثبنٍت. 

%, يقبسَّ 66% قم عًش انخبهٍظ بًقذاس5,4%, ٔعًُب صادث َسبّ الاسفهج انى 50% قم عًش انخبهٍظ بًقذاس 4.4الاسفهج 

 .يع الاسفهج الاعخٍبدي ححج حأثٍش َفس انضشٔف
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 ل.نسٍهٍكب, الاسفهج الاسًُخً, انكلاابخشة ا ،انخشسبَت الاسفهخٍت: الرئيسيه الكلمات 

1. INTRODUCTION 
        Several distresses hamper the performance of flexible pavements in Iraq and result in 

premature failure. In flexible pavements, the primary forms of distress are fatigue cracking, 

rutting, and thermal cracking. These distresses manifest themselves most of the time due to 

construction, material quality, bad maintenance, and incongruous design. Fatigue cracking, 

called alligator cracking and associated with repetitive traffic loading, is considered to be one 

of the most significant distress modes in flexible pavements. The fatigue life of an asphalt 

pavement is directly related to various engineering properties of typical hot mix asphalt 

(HMA). It is mainly due to the increase in the number of load repetition of vehicle 

particularly those with high axle loads, and to the environmental conditions. The construction 

practice and design short comings may also results in shortening of pavement’s life and 

increase maintenance cost as well as road user cost. It is vital to find out ways to delay the 

asphalt pavement deterioration and increase its service life, Moghaddam et al., 2011. Miller 

and Bellinger, 2003, presented pavement distresses and failure mechanisms in Highway 

Pavement in their Distress Identification Manual (HPDIM), it was stated that to minimize 

asphalt concrete pavements distress there are several ways, which could extent pavement 

service life: 

 Produce a new binder type with better physical, chemical and rheological Properties. 

 Improve the pavements and mix design. 

 Improve the construction methods and maintenance techniques. 

Modified asphalt is assumed to be one of the most important solutions for pavement distress. 

To produce modified asphalt there are several methods and different materials at different 

modification level. To reduce the cost of highway construction and maintenance, asphalt 

researchers look for alternative additives materials such as silica fumes, fly ash, and lime. 

The effect of different types of modifiers to improve fatigue resistance of asphalt pavement is 

a field of interest for many asphalt researchers, but efforts concentrated on the fatigue 

resistance for asphalt concrete mixtures are scarce. Silica fume is a good alternative of the 

most new important commercial materials that are used to improve the properties of asphalt 

mixtures and asphalt, Sarsam and AL-Lamy, 2015. Silica fume is one of the materials 

which is easy to use and mix with asphalt materials for being too fine; have positive effect on 

asphalt cement by reducing its temperature susceptibility, silica fumes exhibit lower, 

reduction in the stiffness modulus., Sarsam, 2008 and AL-Zubaidi, 2014. 

 

2. MATERIALS CHARACTERISTICS 

2.1 Asphalt Cement  

Asphalt cement was obtained from Nasiriya oil refinery; the physical properties are listed in 

Table 1. 

2.2 Aggregate  

       Crushed coarse aggregate (retained on sieve No.4) was obtained from AL-Ukhaydir- at 

Karbala quarry. Crushed sand and natural sand used as Fine aggregate (particle size 

distribution between sieve No.4 and sieve No.200), was brought from the same source. It 

consists of hard, tough grains, free from loam and other deleterious substances. The physical 

properties are listed in Table 2. 

 

 

 



Journal of Engineering Volume   22  February  2016 Number 2 
 

 

3 

 

2.3 Mineral Filler 

       The mineral filler is a non-plastic material, mostly passing sieve No.200 (0.075mm). The 

filler used in this work is limestone dust obtained from factory in Holly Karbala governorate. 

The physical properties of the used filler are presented in Table 3. 

 

2.4 Silica Fumes                                                                             

        It was manufactured by Wacker Silicon Company in Germany as fluffy powder, and 

obtained from local market, Table 4 Shows its physical properties. Plate 1 Shows the sample 

of Silica fumes used. It was decided to use silica fumes based on previous work, Sarsam, 

2008. 

 

3. TESTING PROGRAM 
 

3.1 Preparation of Modified Asphalt Cement 
       Modified asphalt was prepared by using the wet process. In the wet process, asphalt 

cement has been heated to a 150 °C and then blended with a Silica Fume modifier with 

different content (1%, 2 % and 3%by weight of asphalt cement). Such percentages were 

based on Sarsam, 2013 work, it was prepared in the laboratory using special manufactured 

mixer at a blending speed of about 1300 rpm and elevated temperatures (177-190°C) for 20 

minutes to promote the chemical and physical bonding of the components. During the 

blending process, the asphalt cement swells and softens as an indication of possible reacts 

with Silica fumes. Plate 2 Shows the blending apparatus. 

 

3.2 Preparation of (Flexural Fatigue Beam Test) Specimens 
       The dimensions of the beam specimen used were 50±6 mm high, 63±6 mm wide and 400 

mm (15.75 in) long according to AASHTO T 321, (2007). The bulk density was 2.2826 

      for every specimen as presented in AASHTO T166, (2010). The aggregate and 

asphalt were mixed in mixing bowel on hot plate for three minutes until asphalt sufficiently 

coated the surface of the aggregates. The asphalt-aggregate mixture was then subjected to 

short term oven aged for 4hrs at temperature of 135 C according to AASHTO PP2. The mix 

was stirred every 30 minutes during the short term aging process to prevent the outside of the 

mixture from aging more than the inner side because of increased air exposure, then the 

asphalt concrete mix was casted slab mold. Tests were conducted at optimum asphalt content 

and at asphalt contents of 0.5 percent above, and 0.5 percent below optimum. Specimens for 

flexural fatigue testing were prepared using Roller Compactor Device at NCCLR according 

to, EN12697-33 ,2003, because this method of compaction simulates field compaction in a 

progressive way. A slabs specimen of (400 mm by 300 mm by 50±6 mm) was prepared using 

the hot aged asphalt concrete loose mix. The dimensions of the compacted slabs used are 400 

mm (15.75 inch) in length and 300 mm (11.8 inch) in width and 60 mm (2.36 inch) in height. 

with astatic load was (5 kN) and number of variable passes depended on the asphalt content 

in mix (where 20 number use of passes for 5.4% asphalt content, 30 number of passes for 

4.9% asphalt content( optimum),and 60passes for 4.4%asphalt content, by trial and error).12 

slab samples were prepared, then cut by the Diamond-cutter into dimension previously 

mentioned, Plates 3, 4 and 5 give an illustration of compacted and cut samples of slab and 

beam. The total number in all test was (24 beams).control mixture (9 beams), and Modified 

mixture by using silica fume (15 beams). A total of 36 beam specimens were tested for 

fatigue behavior. 
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4. DISCUSSION OF TEST RESULTS 

4.1 The Effect of Silica Fumes Content on Fatigue Life 

       Fig.1 depicts the effect of Silica fumes content on fatigue life. From the analysis of the 

results, it can be seen that when Silica fumes content was 1% that fatigue life increases by 

17%, and it increases by 46%when Fly ash content increases to 2%, and that fatigue life 

increases to 34 % when Silica fumes content increases to 3% as compared with control 

mixture (250 μƐ, 20°C and optimum asphalt content). Because the mixture became more 

flexibility .it may be related to increasing viscosity and stiffness of mixture.  

      Based on the data shown in Table 5. It appears that the fatigue life increases by 20%, 

115%, and 80% at Silica fumes content 1%, 2%, and 3% respectively, as compared with 

control mixture (400 μƐ, 20°C and optimum asphalt content), and that the fatigue life 

increases by 7%, 57%, and 33% at Silica fumes content 1%, 2%, and 3% respectively as 

compared with control mixture (750 μƐ, 20°C and optimum asphalt content). 

       Generally, increases in micro strain level lead to reduces in the fatigue life value in the 

same mixture. For example at modified mix by using 2% Silica fume it can be noted that 

fatigue life reduced by 75% when micro strain level change from 250 μƐ to 400 μƐ, decreases 

to 84% when micro strain level  increases from 400μƐ to 750μ. 

     Also we noted that the Silica fume has a significant effect on the fatigue life. The analysis 

of the data shown in Table 5. Depicts when Silica fume content change from 1% to 2% that 

fatigue life increases by 24% but when Silica fumes content change from 2% to 3% that 

fatigue life reduced by 8%. Finally, from the results above, it can be concluded that optimum 

Silica fumes content was 2% from fatigue life point of view. 

  

4.1.2 The effect of asphalt content on fatigue life 

       The effect of asphalt content on modified and unmodified mixture was depicted in Fig.2. 

K1 and K2 parameters can be concluded from the data shown in Fig. 2 and Table 6. Failure 

criteria implemented was that when the reduction in beam stiffness will reach 50% of its 

initial stiffness, the number of loading cycles is considered as fatigue life.  

        It can be seen that fatigue life increases significantly, because increasing thickness of 

asphalt film between aggregate leads to decreases tensile strain at the bottom of layer, Alwan, 

2012 and Al-kashaab, (2009) 
 The analysis of this figure shows when asphalt content decreasing from 4.9 to 4.4 percent the 

fatigue life decreases 55% at control mix, it decreases 53% at modified mixture by using 

Silica fume, (at 250 μƐ). While when asphalt content increases from 4.9 to 5.4 percent the 

fatigue life increases 53% at control mix, 60% at Silica fume. 

       Fig. 3 shows the impact of silica fumes on fatigue life of asphalt concrete, when micro 

strain level increases the fatigue life decreases significantly. So fatigue life reduces 30% at 

control mix, 64% at S.F, when asphalt content increases from 4.9 to 4.4. When micro strain 

level change from 250 μƐ to 400 μƐ, and increases by (16%, 8%) at Control mix, S.F, 

respectively, when asphalt content increases from 4.9 to 5.4 percent. 

      Also when micro strain level change from 400 to 750. Fatigue life reduces 13% at control 

mix, 22% at S.F, when asphalt content increases from 4.9 to 4.4 percent, and increases by 

(19%, 6%) at Control mix, S.F, respectively, when asphalt content increases from 4.9 to 5.4 

percent. Table 6 depicts the effect of asphalt content on modified and unmodified mixture in 

relation to the fatigue life cycle at different micro strain level. It depicts that when using 

Silica fumes, fatigue life increases 50%, as compared with conventional mix ( at 250 μƐ, at 

4.4% asphalt content), the fatigue life increases by 9% when using Silica fume as compared 
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with control mix ( at 400 μƐ, at 4.4% asphalt content).also it increases by 25 using Silica 

fume ( at 750 μƐ, at 4.4% asphalt content). It shows that the difference in the ratios of the 

fatigue life at optimum asphalt content 4.9%. The analysis of the figure shows the percentage 

of change varying significantly, it can be seen the fatigue life increases 46% when using 

Silica Fumes (at 250 μƐ), it increases by 115% (at 400 μƐ), at 750 μƐ the fatigue life increases 

by 40% (All of these ratios were compared with control mix). 

       Table 6 shows comparative between modified and unmodified mixture toward the 

fatigue life at (optimum asphalt content +0.5%, 5.4%). It can be seen the fatigue life increases 

53% at Silica Fumes (at 250 μƐ), it increases by 100% at S.F (at 400 μƐ), at 750 μƐ the 

fatigue life increases by 33% at Silica Fumes (All of these ratios were compared with control 

mix). K1 and K2 can be concluded from the data shown in Tables 7. It was noted at 4.4% AC 

that K2 increases nearly by 6.9% and increases by 1.3% at 4.9%AC, and increases by 1.5% at 

5.4% AC (at modified mixture by using Silica fumes respectively), as compared with control 

mix. K1 has the smallest values and decreases it was decreases slightly when using additives. 

5. CONCLUSIONS 

1-Accorcing to the results obtained from “Flexural Fatigue beam Test”, it turns out that the 

perfect percentage of Silica fumes addition is (2%). 

2- Decrease in Asphalt percentage by (0.5%) from the optimum asphalt content would result 

in a decrease in fatigue life by (55%) for control mixture and (45%) for the mixture modified 

by using Silica fumes. On the other hand, the effect of the additives was obvious in increasing 

the fatigue life by (50%) for Silica fume, as compared to the control mixture (at 250μɛ, 20°C, 

4.4%AC). 

3-Increase in Asphalt percentage by (0.5%) from the optimum asphalt content would increase 

the value of fatigue life by (53%) for the control mixture and by (48%) percent for the Silica 

fumes. Also the additives have Effect in an increase of the fatigue life value, as compared to 

control mixture by (41%) for the Silica. 
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Table 1. Physical properties of asphalt cement. 

Property Unite Test result SCRB Specifications 

Penetration 25˚c , 100gm5 sec(ASTM D-5) 0.1 mm 42 40-50 

Softening point, Ring and ball (ASTM D-36) °C 49 …………. 

Ductility, 25°C, 5 cm/min (ASTM D-113) cm 136 >100 

After thin film oven test (ASTM D-1754) 

penetration, 25°C, 100gm, 5 se % 73 >55% 

Ductility, 25°C, 5 cm/min % 83 >25% 

Table 2. Physical properties of coarse and fine aggregate. 

Property value ASTM Designation No. 

Coarse Aggregate 

Bulk specific gravity 2.542 C127-01 

Water absorption % 1.076% C127-01 

Wear %(los Angeles abrasion) 18% C131-03 

Fine Aggregate 

Bulk specific gravity 2.558 C128-01 

Apparent specific gravity 2.563 C128-01 

Water absorption % 1.83% C128-01 
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Table 3. Physical properties of filler (Lime stone). 

Value Property 

2.617 Bulk specific gravity 

94 % Passing Sieve No.200 

 

 

Table 4. Physical properties of silica fumes. 
Maximum sieve size PH value Density (kg/m

3
) Specific surface 

area (m
2
/ kg) 

Passing 0.075 4.5 2.6455 200000 

 

 

Table 5. Effect of additives type and content on fatigue life. 

Mix. Type Additives%  

Micro strain level 

250 μƐ 400 μƐ 750 μƐ 

Control mix 0% 16212 2722 563 

Modified 

mixture  

1% S.F 19065 3280 604 

2% S.F 23671 5857 889 

3% S.F 21740 4881 751 

 
 

Table 6. Fatigue life for control and modified mixture. 

 

AC% State 
Fatigue Life, Nf 

250 μƐ 400 μƐ 750 μƐ 

4.4 % Control mix 7421 1897 486 

S.F 10931 2070 609 

4.9 % Control mix 16212 2722 563 

S.F 23671 5857 789 

5.4% Control mix 24879 3182 670 

S.F 35084 6381 892 
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Table 7. Fatigue parameters K1, K2 and equations for fatigue life under effect of asphalt 

content 

AC% State K1 K2 Equations 

4.4 % 
Control mix 1.07E-05 2.450 Nf=1.07E-05          

S.A 3.96E-06 2.620 Nf=3.96E-06          

4.9 % 
Control mix 1.65E-07 3.050 Nf=1.65E-07          

S.F 1.74E-07 3.090 Nf=1.74E-07          

5.4% 
Control mix 3.57E-08 3.290 Nf=3.57E-08          

S.F 3.25E-08 3.340 Nf=3.25E-08          

 

             

 

 

         

 

 

Plate 3. Slab specimens. Plate 4. preparation for obtaining 

beams. 

Plate 1. Silica fume sample. 
Plate 2. Manufactured blending 

apparatus and its components. 
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Plate 5. Four points bending beam device and testing equipment at NCCLR. 

 

 

Figure1. Effect of different percent of silica fume on fatigue life to select the best percent, 

T=20°C 
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Figure 2. Effect of asphalt content on fatigue life for control mix, T=20°C. 

 

 

 

Figure 3. Effect of asphalt content on fatigue life for modified mix, T=20°C. 
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ABSTRACT 

This paper is devoted to investigate experimentally and theoretically the structural 

behavior of reinforced concrete hollow beams which have internal transverse ribs under effect of 

shear. The number of the internal ribs is the major variable adopted in this research, while, the 

other variables are kept constant for all tested specimens. The experimental part includes poured 

and test of four (200x300x1200mm) beam specimens, three of these specimens were hollow with 

different locations of internal ribs and one of them was solid. The experimental results indicated 

that the shear strength are increased (33%) to (60%) for beams containing internal ribs in 

comparison with reference beam. Also, the change of beam state from hollow section to solid 

section led to increase the capacity for about (100%). In order to study more thoroughly the 

performance of tested beams, a nonlinear analysis using ANSYS-11 finite element program is 

used. The analytical results indicated that the load-deflection response, ultimate loads, and crack 

pattern are in good agreement with the experimental results. 

 

Key words: shear, hollow beam, reinforced concrete, internal ribs, ansys. 

 

المجىفهمقاومة القص للعتبات الخرسانيه المسلحه تقييم  الاضلاع المستعرضه الداخليه على اثير ت  

 علي حميد عزيز

 اسخار هساػذ

 قسن الٌِذسَ الوذًَ٘

الجامعه المستنصريه -كلية الهندسه  

 

 الخلاصه

 ةْٕ ػلٔ اضلاع بالاحداخالخٖ حح تدْفلسلْك الاًشائٖ للؼخباث الخشساً٘ت الوالؼولٖ ّ الٌظشٕ لخحشٕ الفٖ بحث ال اخخص ُزٗ

لاضلاع الذاخلَ٘، بٌ٘وا حن الابقاء ػلٔ االؼشضٖ ححج حأث٘ش القص. اى الوخغ٘ش الشئ٘سٖ الوؼخوذ فٖ ُزا البحث ُْ ػذد 

الوخغ٘شاث الاخشٓ ثابخت لكل الؼخباث الوفحْصَ. حضوي الدضء الوخخبشٕ صب ّفحص أسبؼت ػخباث خشساًَ٘ هسلحَ بابؼاد 

(x300x1200022 ّالاخ٘ش بوقطغ صلذ ححخْٕ ػلٔ اضلاع هسخؼشضَ  بوْاقغ هخخلفتثلاثت هٌِا بوقاطغ هدْفَ  ) هلن. 

اضلاع الحاَّٗ ػلٔ الودْفَ %( للؼخباث 62)الٔ  %(33بوقذاس )اصدادث اشاسث الٌخائح الوخخبشَٗ الٔ أى هقاّهَ القص 

الخحول الاقصٔ صٗادة ادٓ إلٔ ْع الؼخبَ هي الودْفَ الٔ الصلذٍ حالت اّ ً. اى حغ٘٘ش هسخؼشضَ هقاسًت هغ الؼخبَ الوشخؼَ٘

لا خطٖ باسخخذام بشًاهح الؼٌاصش للغشض دساست الٌوارج الوفحْصَ بشوْلَ٘ أكثش، اسخخذم الخحل٘ل ا (.%122بحذّد )

فٖ شكل الشق  ٔ، ّالحول ، الحول الاقص-. اشاسث الٌخائح الخحل٘ل٘ت أى اسخدابت الاًحشاف-11-الإصذاس (ANSYS)الوحذدٍ 

 .حْافق خ٘ذ هغ الٌخائح الوخخبشَٗ

  ansys: القص، ػخبت هدْفَ، الخشساًَ الوسلحَ، الاضلاع الذاخلَ٘، البشًاهحالكلمات الرئيسيه

 

mailto:alialsaraj@yahoo.com
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1. INTRODUCTION 

         Hollow (or box) cross section beam, mean closed thin walled section beam. A thin walled 

beam is characterized by relative magnitude of its dimensions; the wall thickness is small 

compared to the other linear dimensions of the cross section, Abbas, 2007. A hollow beam 

structure consists of top and bottom flanges connected by vertical (or inclined) webs to form a 

cellular section. Presence of these hollow through a solid beam eliminates a significant amount 

of dead space, and as a result the beam stiffness reduced and this lead to alter the simple beam 

behavior to a more complex one. The reduced stiffness of the beam may also give rise to 

excessive deflection under service load and result in a considerable redistribution of internal 

forces and moments. These sections are used for the various fields such that in buildings, hall, 

bridges, offshore structure and towers, AL-Maliki, 2013. It is one of the most popular forms of 

highway bridges; primarily because of the high flexural and torsion rigidities .The use of box 

beams in highway-bridge construction has proven to be a very efficient structural solution, Al-

Janabi, 2005.  

           Several researches are interest in hollow beams under the effect of flexural, shear and 

torsion loads, Chiad, 2013. Shear behavior of reinforced self-compacting concrete deep box 

beams strengthened internally by transverse ribs, also studied, Ruaa, 2015. In the present 

research, shear behavior of reinforced concrete hollow beam strengthened internally by 

transverse ribs will be studied as well as the effect of the number of internal cells which were 

separated from each other by concrete ribs. 

2. EXPERIMENTAL WORK 

2.1. Experimental Program 

In this paper, four simply supported beam specimens with rectangular sectional area, 

under monotonically concentrated load were poured and tested. The tested beams are reinforced 

in longitudinal direction (flexural reinforcement at the bottom), transverse direction (shear 

reinforcement) and have been designed to ensure failed in shear mode of failure. The number of 

internal cells, which were separated from each other by concrete ribs, is the major adopted 

variable. The sectional area, length, ratio of shear span-to-depth, flexural and shear 

reinforcement are kept without change for all tested beams. To evaluate the compressive strength 

of concrete, the experimental program consists, also, cast and test of a series of control 

specimens (cubes). 

  

2.2. Beam Sample Details  

The actual dimensions and the details of beam specimen are shown in Fig.  1  and Table 1. 

The overall length is (1200 mm), while, the overall depth and width are (300mm) and (200 mm) 

respectively. All beam specimens are reinforced with (2 12 mm) deformed bars as tension 

(flexural) at the bottom and ( 6 mm @150mm) deformed bars as shear reinforcement (stirrups). 

To hold the shear reinforcement (stirrups) in place, (2 4 mm) smooth bars at the top are used, 

see Fig. 2.  
The first beam specimen, (B-1), is poured without any internal ribs (but with two ribs at the 

ends), while the beam specimens (B-2) and (B-3), are poured with one and three internal ribs (in 

addition to two ribs at the ends) respectively. The last beam specimen, (B4), is poured without 

internal cells (solid). For beam specimens containing ribs (interior or at the ends), the thickness of 

rib is (50mm). It may be noted that the main function of the ribs at the ends is to prevent the 

local failure of hollow beams due to high concentration of stress near supports. While, the main 
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function of the internal ribs is to assist or evaluate its contribution to increase shear strength of 

tested beams (that have internal ribs). The locations of ribs are shown in Figs. 3 and 4. 

The cross section of the hollow beam contains a polystyrene void that blocks out the 

center of the beam over specified lengths. The void is included to block out concrete where it 

does not add much resistance to the section and reduce the self-weight of the beam. For practical 

reasons, the void in the beam cross-section is obtained by a stay-in-place polystyrene block. The 

creation of the void through the polystyrene block makes casting the beam both time and labor 

intensive. There are three lengths of polystyrene block pieces as shown in Fig. 4. 

1- One piece with length of (1100mm), for beam specimen (B-1), with one cell and one rib 

(50mm width), at each end of the beam. 

2- Two pieces with length of (525mm) for each one of them for beam specimen (B-2), with 

two cells separated by three ribs (50mm width) (one internal and two at the ends). 

3- Four pieces with length of (237.5mm) for each one of them for beam specimens (B-3), 

with four cells separated by five ribs (50mm width) (three internal and two at the ends). 

 

2.3. Materials 

In manufacturing the tested specimens, local construction materials are used (except steel 

bars), description of materials properties are reported and presented in Table 2.  

Tensile test of steel reinforcement (manufactured in Ukraine)  is carried out on (ϕ12mm) 

hot rolled, deformed, high tensile steel bar used as flexural reinforcement,  and (ϕ6mm) 

deformed mild steel bar was used as stirrups (shear reinforcement). Also, the test included 

testing of (ϕ4mm) plain mild steel bar which was used to hold stirrups in place. Table 3 shows 

the results of tensile test for bars.  

2.4. Concrete Mix Design  

One concrete mix is used in this work; the concrete mix proportions are reported in Table 

4. It was found that the used mix produces good workability and uniform mixing of concrete 

without segregation. 

 

2.5. Molds 

One wooden molds containing four boxes, (200x300x1200mm) dimensions are used to 

poured beam specimens. The molds were manufactured with (18mm) thick plywood base and 

seven movable sides. The sides were fixed to the base by screws.  When the mixing process was 

completed, the samples were then cast in layers and compacted by a table vibrator to shake the 

concrete and consolidate it into the molds. Then, the top face of samples (top surface) was 

finished and leveled off by using steel trowel; and finally the samples were covered by a nylon 

sheets to impede water evaporation. It may be noted that, to ensure that it would be easy to 

remove the samples when the concrete hardened, the inner faces of molds was oiled.  

 

2.6. Test Apparatus 

  Hydraulic machine was used to test the control specimens and beam specimens. 

Deflection at the mid-span (center) has been measured by using ELE type dial gauge of (30mm) 

capacity and (0.01mm) accuracy. The ELE gauge was put below the bottom face of each span at 

the mid. Beam profile and loading arrangement is shown in Fig. 5. 
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2.7. Concrete Mixing and Placing (Pouring) 

2.7.1. Concrete mixer and vibrating table 

The concrete was mixed by using a horizontal rotary mixer with (0.19 m
3
) capacity. 

While, vibrating table are used to vibrate the concrete of specimens (beams and control 

specimens). The vibrating table consists of (1.0x1.5m) table made of (10mm) thick steel plate. 

The source of vibration was a rapidly rotating eccentric weight which makes the table vibrates 

with a simple harmonic motion. The vibrator was manufactured by Marui Company, Japan. The 

frequency of vibration was (7000rpm). 

 

2.7.2. Curing and age of testing  

After (24) hours, the beam specimens and control specimens were stripped from the 

molds and cured in water bath for (28) days with almost constant laboratory temperature. Before 

(24) hours from the date of testing, they were taken out of the water bath and tested in 

accordance with the standard specifications. 

 

2.8. Results of Control Specimens Tests  

Mechanical properties tested results of control specimens (compressive strength) are 

reported and summarized in Table 5. Cubes compressive strength (fcu) was carried out on 

concrete based on BSI 881-116 with standard cubes (150mm). The cubes were loaded uniaxially 

by the universal compressive machine up to failure. 

 

2.9. Test Methodology (Test Procedure) 

The beams were tested at (28 days) age, where they were prepared by cleaning them and 

paint with white color, in order to detect the propagation of cracks. The beam specimens have 

been placed on the testing machine with a clear span of (1100mm), then adjusted to fit the 

supports, beam centerline, dial gauge and finally tested under a monotonic single-point loading 

up to failure; Fig. 5 shows the setup of beam specimens. 

Initially each beam is loaded with small load to ensure that the dial a gauge is in touch 

with the bottom faces of beams and working correctly. After that, the load increased regularly at 

(1.0 kN/sec) and the readings taken every (5 kN). When the beams reached advanced stage of 

loading, smaller increments of load were applied until failure, as the load indicator stopped in 

recording or returned back and the deflection increased very fast without any increase in applied 

load. Throughout the test, all necessary measurements and notices were recorded.  

3. THEORETICAL STUDY 

To study the performance of tested beams, ANSYS (Version-11) finite element program 

is used to analyze two selected beam specimens, (B-1) and (B-2). A nonlinear, eight nodes brick 

element, (SOLID-65), with three translations DOF at each node is used to model the concrete. 

For FEM modeling of the steel reinforcement, two nodes, discrete axial element, (LINK-8), with 

three translations DOF at each node is used.  To avoid stress concentration, (10mm) thick steel 

plate is added at the load locations and modeled by using a nonlinear, eight nodes brick element, 

(SOLID-45), with three translations DOF (per node) in x, y and z-directions. 

 

3.1. Properties of Materials 

3.1.1. Concretes 

For finite element modeling, concrete constitutive stress-strain curve in compression can 

be described by isotropically, multi-linear stress-strain relationship. Constitutive model (surface 
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of failure) in ansys can be specifying only by two constants (tensile strength ( tf ) and 

compressive strength of concrete (
'
cf )) as given by criterion of Willam and Warnke, 1975.  

In this paper, transfer coefficients of shear for opened cracks ( o ) and closed cracks ( c ) 

are assumed to be (0.2) and (0.25) respectively. These values are selected to avoid convergence 

problems during iteration.  

 The stress-strain curve for concrete in tension is assumed to be linear-elastic up to the 

maximum tensile strength. Smeared crack approach is used to model the concrete cracking. 

Poisson’s ratio, for finite element modeling of concrete is assumed to be (0.2). In order to 

modeling the finite element of concrete, empirical equations of ACI-318
 
Committee are used to 

determine the young’s modulus and tensile strength, as listed in Table 6. 

 

3.1.2. Steel Plates and Reinforcement  

Elastic modulus and yield stress for the steel plates and reinforcement used in FEM 

follow the design material properties used for the experimental investigation. The steel for the 

finite element models is assumed to be an elastic-perfectly plastic with strain hardening material 

and identical in tension and compression as shown in Fig. 6. Von-Mises failure criterion is 

adopted for modeling. To avoid convergence problems during program iteration, the modulus of 

strain hardening is assumed to be (0.03x Es).  

The steel plate under the applied load is assumed to be behaves as linearly-elastic 

materials. Young’s modulus of (200GPa) and Poisson’s ratio of (0.3) are utilized in FEM for 

steel plates and reinforcement. 

 

3.2. Finite Element Modeling  

The dimensions of the beam specimens are shown in Fig. 1. Due to variation of internal 

ribs locations and simple geometry of the tested beams, entire (full) beam is used for modeling, 

Fig. 7.  

It may be noted that, the origin point of coordinates lie in one corners and only one 

loading plate are provided at the top of beam (under load) to prevent load concentration.  In the 

beginning, the beams and steel plates are modeled as lines, then areas, and finally as volumes 

(solid elements).  

 

3.2.1. Finite element meshing 

After creating of volumes, meshing of the finite element model is needed. In this stage, 

the FEM model is divided into a number of small elements. When the model problem is solving, 

the stresses and deformations (strains) are estimated at the Gaussian points of these small 

elements. Best results can be achieved by dived (meshing) the model into square (or rectangular) 

elements, Fig. 7.  

Before distribution (spreading) of the applied load by using steel plates (in the early 

attempt), and due to load concentration on concrete elements, concrete crushing started to create 

in elements which located directly under load. Thereafter, the concrete elements adjacent to the 

applied load were crushed within few steps of loading. Finally, large displacement (deflection) 

take place, the solution in not converges and as a result the FEM model failed prematurely. To 

prevent this FEM failure phenomenon, steel plates are used and inserted under the applied load. 
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3.2.2. Load application and boundary conditions 

To ensure that modeled beams behave as tested beams, boundary conditions (displacement 

constrains) at supports should be satisfied (need to be applied at the supports locations). Thereafter, 

one of the supports is to be modeled as a hinge and the other one is modeled as a roller. 

Since the external load was applied on a steed plate and as a basic of FEM, the plate load 

must be transformed to adjacent nodes; therefore the applied load is represented by an equivalent 

nodal force on the top nodes of plate. Since the steel plate had eight divisions in transverse 

direction (Z-direction), the equivalent nodal force on the plate becomes (P/9) of the applied force 

(assuming equally distributed of applied load).  

The applied load is divided into load steps and done incrementally up to failure (based on 

Newton-Raphson technique). At a certain stages in the analysis, load step size is varied from 

large (at points of linearity in the response) to small (when cracking and steel yielding occurred). 

The failure is assumed to be occurred when the solution, for a minimum load is diverging and 

the models have a large deflection (rigid body motion). 

 

4. RESULTS AND DISCUSSIONS 

As indicated before, the aims of this paper are to evaluate the effect and contribution of 

internal ribs (at different locations) on shear strength of hollow reinforced concrete beams. 

4.1. Experimental Results 

Ultimate load capacities, load versus deflection at the center of the bottom face of each 

tested beam were recorded throughout the experimental work. To appear the cracks pattern and 

imported details, photographs for the tested specimens are taken. Tests observations, general 

behavior and recorded data are reported to recognize and understand the effects of adopted 

parameters on the strength of the tested specimens. 

 

4.1.1. General behavior 

Photographs of the tested beams are shown in Fig. 8 and tests results are given in Table 

7. It may be noted that, all beam specimens were designed to be failed in shear, which was 

distinguished by sudden failure and diagonally wide cracks which extend from supports towards 

the applied load locations.  

The general behavior of the tested beams can be described as follows; at early stages of 

loading, small vertical deflection initiated in the mid span of tested beams, with further loading, 

diagonal cracks extended upwards and became wider in shear span. One or more cracks 

propagated faster than the others and extend through weak locations in the beam (hollow zones) 

and reached the compression face (near applied load), where crushing of the concrete near the 

positions of applied loads had occurred due to high concentrated stresses under load. 

 

4.1.2. Failure mode  

The appearance of the cracks reflects the failure mode for the tested beams. The 

experimental evidences show that the diagonal cracks extended horizontally along the tension 

reinforcement and eventually, the failure take place due to diagonal tension cracks were formed 

diagonally and moved up and towards the position of load, this crack is associated with crushing 

of the concrete near the positions of applied loads, this mode of failure is called “Shear-

Compression” failure, as shown in Fig. 8. 

 

4.1.3. Ultimate shear strength (Vu) 
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The recorded ultimate loads of the tested beams are presented in Table 7. As expected, 

test results show that the reference beam (B-1) has the minimum ultimate strength in comparison 

with the rest beams. This may be due to absent of any internal ribs (concrete) in the section (in 

shear span).  

As shown in Table 7, the ultimate shear strength increased when the number of ribs increased (in 

shear span) and when we moved toward of and closes up to the support. 

For the tested beam (B-4), which have made as solid without hollows, the ultimate shear 

strength increased by (100%) in comparison with reference beam, this clearly due to concrete 

contribution to resist shear stress.  

The ultimate shear strength increased about (33%) to (60%) for the tested beams (B-2) and 

(B-3) respectively, the presence of internal ribs led to increase resistant area of concrete and as a 

results, the shear strength increased significantly. 

 

4.1.4. Effect of number of ribs on ultimate strength  

As shown in Table (7), presence of internal ribs in hollow section leads to increases the 

stiffness of tested beams due to concrete contribution, and this leads to increase in carrying 

capacity. 

In other words, due to abrupt changes in the sectional configuration (from solid to 

hollow), the hollow beam corners, closed thin webs and flanges are subject to high stress 

concentration that may lead to reduction in stiffness of the tested beam and produced cracking 

and excessive deflection, see Fig. 9.  

As shown in Table 7, presence of internal ribs (see B-2 and B-3), led to increase the ultimate 

shear strength from (33%) to (60%).  The increasing in ultimate load was (100%) for tested beam 

(B-4) when the section made fully without hollows. This means that the presence of internal ribs 

affected significantly on ultimate capacity of tested beams. 

 

4.1.5. Load versus deflection curves 

          Load versus deflection curves of the tested beam specimens at the center of bottom face at 

all loading increments up to failure are shown in Fig. 9. 

 In the beginning, the curves are identical and the tested beams exhibited linear 

behavior and the initial change of slope of the load-deflection curves occurred between (10 kN to 

30kN), which may be indicated the first crack loads. Beyond the first crack loading, each beam 

behaved in a certain manner. Behavior of reference Beam (B-4) exhibited greater loads and 

smaller deflections in comparison with the other beams. This beam had the greatest stiffness due 

to absent of any hollows. 

Load-deflection curves for the tested beams (B-1, B-2 and B-3) shows smooth increase, in both, 

applied loads and deflection. Presences of hollows lead to decreasing in carrying capacity of load 

beyond the first cracking, this associated with reduction in beams stiffness and this is reflected 

on the associated deflection (excessive deflection). For tested beams (B-1 and B-2), slight 

increase in ultimate deflection of beam (B-1) is observed by comparing with (B-2). This is may 

be due to absent of any interior rib in the beam (B-1) which leads to decreasing of beam rigidity 

(stiffness) and as a result, slight increases in deflection is occurred.  

 

4.2. Finite Element Results 

4.2.1. Load versus deflection curves 

Vertical displacements (Deflection in y-direction) are measured, at mid-span, at the 

center of the bottom face of tested beams. Deflected shape of finite element beam model due to 

the vertical load is shown in Fig. 10. The load versus deflection curves obtained from the FEM 
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analysis together with the experimental tests are constructed and compared in Fig. 11, for tested 

beams (B-1) and (B-2). In general, it can be noted from the load-deflection curves that the finite 

element analyses are agree well with the experimental results throughout the entire range of 

behavior. Comparing with the experimental results, all the finite element models show relatively 

large capacity at the ultimate stage. 

 

4.2.2. Ultimate loads 

Table 8 shows the comparison between the ultimate loads of the experimental (tested) 

beams, (Pu)EXP., and the final loads  from  the  finite  element  models, (Pu)FEM. The final loads 

for the finite element models are the last applied load steps before the solution starts to diverge 

due to numerous cracks and large deflections. 

As shown in Table 8, the ultimate loads obtained from numerical model agree well with the 

corresponding values of the experimental (tested) beams. 

 

4.2.3. Crack patterns 

The crack pattern is recorded, after first crack, at each load step. Cracks pattern come by 

the FEM analysis and the failure modes of the tested beams are agree well, as shown in Fig. 12.  

Cracks pattern appearances reflect the failure mode of tested specimens. The model of 

FEM, accurately, predicts that the tested beams are failing in shear and predicts that the vertical 

and inclined cracks formed in the shear span regions respectively. The cracks are concentrated 

under load region and vanish diagonally towards the beam supports. 

 

5. CONCLUSIONS 

In the previous items, an experimental program together with finite element analysis has 

been performed, thereafter the following conclusions are obtained:- 

1-Ultimate load carrying capacity in beams is found to be increasing with increase the number of 

the internal ribs, and the deflection at ultimate load is found to be decreasing. 

2-The ribs work as internal stiffeners which contributed to increase the shear strength in a certain 

degree. The shear strength increased (33%) and (60%) for beams containing one and three 

internal ribs respectively. 

3-The change of beam state from hollow section to solid section led to increase the capacity for 

about (122%). 

4-Based FEM analysis (using ANSYS program), it can be concluded that the computational 

finite element models adopted in the current study are useful and able to simulate the behavior of 

tested beams. The analytical tests indicated that the load-deflection responses, ultimate loads and 

the structural behavior are in good agreement with the experimental results.  

 

6. NOMENCLATURE  

bw = beam width, m. 

h = overall depth of beam, m.         
d = effective depth, m. 

'
cf = cylinder compressive strength of concrete, MPa. 

fcu= cube compressive strength of concrete, MPa. 
ft = tensile strength of concrete, MPa. 
f y = yield strength of steel bars, MPa. 
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fu= ultimate tensile strength of steel bars, MPa. 

Ec= modulus of elasticity of concrete, MPa. 

Es= modulus of elasticity of steel, MPa. 
Pc = cracking load, kN. 
Pu = ultimate load, kN. 

Vu= ultimate Shear Force, kN. 

(Vu)i= ultimate Shear Force of a certain beam, kN. 

ф = reinforced bar diameter,mm. 

c  shear transfer coefficient for closed cracks. 

o  shear transfer coefficient for open cracks. 
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Figure 1. Details of tested beams. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Details of reinforcement. 

 

 

 

 

 

 

 

 

 

Figure 3.  Details of polystyrene blocks (inside mold). 

1200 

mm 

1100mm 

300 mm 

2  12 mm 200 mm  

2  4 

mm 

 6@150 

mm 2  4 mm 
 6@150 

mm 

 2  12 mm 

(100x200mm) Hollow 

(One Internal Ribs) 

(Without Internal Ribs) 

(Three Internal Ribs) 



Journal of Engineering Volume   22  February  2016 Number 2 
 

 

01 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Locations of external and internal ribs (longitudinal section). 

 

 

 

 

 

 

 

Figure 5. Beam specimen setup. 
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Figure 6. Modeling of steel materials. 

Figure 7. Mesh of the concrete and steel plate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Crack patterns of tested beams. 
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Figure 9. Load-deflection relationship of tested beams.  

 

 

 

 

 

 

 

 

Figure 10. Deflected shape of beam model. 

 

 

 

 

 

 

 

 

 

 

 Figure 11.  Load-deflection relationship for beam (B-1) and beam (B-2). 
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Figure 12. Crack pattern from FE model (right) and experimental tests (left) for B-2. 

   

Table 1. Beams designation and details. 

Beam 

Designation 

Dimensions (mm) Reinforcement Transverse Ribs 

** bw h l Flexural Shear 

(B-1)* 

200 300 1200 2 12 mm  6 mm @150mm 

Two (At Ends Only) 

B-2 Three Ribs 

B-3 Five Ribs 

B-4 Without Ribs (Solid) 

*Reference Beam                                   **(50mm) thickness 

Table 2. Construction materials description. 

Material Descriptions 

Cement
*
 Ordinary Portland Cement (Type I) 

Sand
**

 Natural sand from Al-Ukhaider region with maximum size of (4.75mm) 

Gravel
**

 Crushed gravel with maximum size of (12mm) 

Water Clean tap water (used for both mixing and curing) 

* Conform to Iraqi specification No. 45/1989.       ** Conform to Iraqi specification No. 45/1984. 

 

Table 3.  Steel bars properties. 

Nominal Diameter 

 (mm)  
Bar Type 

fy
*
  

(MPa) 

 fu  

(MPa) 

Elongation 

 % 

4 Plain 461 633 16 

6 Deformed 383 545 11 

12 Deformed 860 915 16 

* Average of three samples (Each 400mm length)               
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Table 4.  Proportions of concrete mix. 

Parameter Quantity 

Water/cement ratio 0.40 

Water  168 Liter 

Cement  420  kg/m
3
 

Fine Aggregate  600 kg/m
3
 

Coarse Aggregate  1200 kg/m
3
 

 

Table 5. Mechanical properties of concrete 

 

Property  (MPa) Value (MPa) 

Cube compressive strength (fcu) 
*
 30 

Cylinder compressive strength (
'

cf )
**

 24.6 

*Average of three samples.        **
'

cf =0.82 fcu 

 

Table 6. Modulus of elasticity and tensile strength adopted in FEA. 

Empirical Equation '
cf  (MPa) Value (MPa) Note 

Ec =
'4700 cf  

24.6 
Ec =23311 

ACI-318 
f t =  ft=3.08 

 

Table 7. Ultimate shear strength of tested beams. 

Beam 

Designation 
Pu (kN) Pc (kN) 

Vu (kN)** 

(kN) 

(Vu )i/(Vu)R 

(%) 

Mode of 

Failure 

(B-1)* 90 15 45 1.0 Shear-Compression 

B-2 120 20 60 1.33 Shear-Compression 

B-3 144 24 72 1.6 Shear-Compression 

B-4 180 25 90 2.0 Shear-Compression 

*Reference Beam                     **Vu =Pu/2 

 

Table 8.  Comparison between experimental and finite element ultimate loads. 

Beam Designation 
Ultimate Load (kN) 

.EXPu

FEMu

)P(

)P(
 (Pu)EXP. (Pu)FEM 

B-1 90 99 1.1 

B-2 120 126 1.05 
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ABSTRACT 

     Asset management involves efficient planning of economic and technical 

performance characteristics of infrastructure systems. Managing a sewer network 

requires various types of activities so the network can be able to achieve a certain level 

of performance. During the lifetime of the network various components will start to 

deteriorate leading to bad performance and can damage the infrastructure. The main 

objective of this research is to develop deterioration models to provide an assessment 

tool for determining the serviceability of the sewer networks in Baghdad city the 

Zeppelin line was selected as a case study, as well as to give top management authorities 

the appropriate decision making. Different modeling techniques were used based on 

statistical methods such as discriminant, and artificial neural network (ANN) which were 

used to build the deterioration models. The results of the discriminant model gave 

correct classification of 68.9% for the condition class of this line. The main significant 

influencing variables that play an important role in sewer networks were: sewer age, 

planning, performance and maintenance which is known as the Management function. 

From ANN model the confusion matrix gave correct classification of 76.7% and MSE 

0.128.This study providing a good source of information for future planning. 

Key words:     asset management, deterioration, discriminant, artificial neural network, 

sewer condition. 

 

 بغذاد )خط زبلن حالت دراسيت(هذينت  نوىرج ادارة تذهىر شبكاث الوجاري لتطىير خذهاتها في 

 
 م.   جوعت عىاد الصويذعي د الصقار                    أ.م.د.ابراهين عبذ هحوذ                     أ.م.د. عىاطف سؤد         

   قسن هنذست البناء والإنشاءاث                  قسن الهنذست الوذنيت                                  قسن الهنذست الوذنيت               

  جاهعت بغذاد         الجاهعت التكنىلىجيت                                جاهعت بغذاد            

 

 

 الخلاصت

إدارة  الشبكات تشمل التخطيط الفعال وقياس الاداء في كافة المجالات  الاقتصادية والتقنية لأنظمة البنية       
التحتية. إدارة شبكة الصرف الصحي تتطمب أنواع مختمفة من الفعاليات وبالتالي فإن الشبكة يمكن أن تكون قادرة 

ستبدأ المكونات المختمفة في التدهور مما يؤدي إلى  عمى تحقيق مستوى معين من الأداء. وخلال فترة عمل الشبكة
سوء الأداء ويمكن أن تؤدي الى فشل في البنية التحتية. ان  الهدف الرئيسي من هذا البحث هو بناء وتطوير نماذج 

الى اعطاء الادارات  بالإضافةتدهور لتوفير أداة تقييم وتحديد خدمية لشبكات الصرف الصحي في مدينة بغداد 
يا اتخاذ القرار المناسب. واستخدمت تقنيات نمذجة مختمفة استنادا إلى الأساليب الإحصائية مثل ألتمايز وتحميل العم

mailto:ibrahimdr@yahoo.com
mailto:d.alsaqqar@yahoo.com
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في  خط زبمن الرئيسي الناقل لمصرف الصحيبناء نموذج التدهور. وقد تم اختيار لالشبكات العصبية الاصطناعية  
%. وكانت 6..9 بنسبةتصنيفا لحالة الصرف الصحي  . أعطت نتائج نموذج التمايز دراسية حالةكمدينة بغداد 

وتسمى الأداء والصيانة ,هي ألعمر ، التخطيط  لخط زبمن المتغيرات الهامة الرئيسية التي تؤثر في الصرف الصحي
% ومربع 79.7الشبكات العصبية الاصطناعية  فان مصفوفة التداخل أعطت تصنيفا  تحميلمن و دالة الادارة. ب

 سة تعتبز مصدر مهم للبيانات والمعلىمات تفيد في التخطيط المستقبلي.ا.هذه الدر .0,82 خطا

 . : ادارة الاصىل ,التوايس ، التذهىر , الشبكاث العصبيت ألاصطناعيت حالت انبىب الصرف الكلواث الرئيسيت 

 

1- INTRODUCTION  

       The sewage network system is a key part of the urban infrastructure, which should 

work accurately and to maintain at a prudent, planned manner, sustainable and based on 

a scientific basis ,Baik et al., 2006. However, many cities suffer because of the 

infrastructure sewer deterioration that leaves the communities in a difficult 

psychological suit and disrupt not only sanitation services but other events which are 

related to people service ,Ana and Bauwens, 2007.  Large parts of sewer networks have 

already been replaced by newer materials, but in some cities there are still parts of the 

19th century sewer in use. In Iraq and distinguish in Baghdad city   most of the existing 

network was built in the second part of the 20th century. Many parts of the sewer 

networks have been deteriorated therefore they will need to be replaced, repaired or 

renovated in order to guarantee their required performance and to avoid possibility of 

failure. Deterioration models can make a significant contribution towards developing 

proactive management plans and to identify the significant factors that affect the 

condition of the sewer networks. These factors can be considered during different stages 

(design, construction and operation) of the project. 

Dulcy et al., 2002 presented a description of improved methodology for careful analysis 

and interpretation of data in sewer systems. The proposed methodology allows fast and 

accurate assessment, which is important in building sewer asset management database. 

Ana and Bauwens ,2007   presented a sewer asset management decision-support tools.. 

Each tool is qualified and its conforming information requirements are determined. They 

looked into cases of framing the use of the present available tools and presented a 

forestation on further research needs in the field. 

Tran ,2007 developed hydraulic and structural deterioration models that can predict the 

conservation status of the sewerage with respect to population expectation. The output of 

the models may be used for long term annual budget and prioritizing maintenance. 

Ana ,2009 studied the contribution of two important concepts in sewer network asset 

management.  The research reported a significant grade in the progression and use of 

sewer construction deterioration models found on the regression Markov of semi, 

logistic analysis and multi criteria decision making (MCDM) in prioritizing sewer 

rehabilitation projects. 

Sophie et al., 2013 a censored  model (survival ) was progressed  to forecast  total  

structural condition  of a sewer  by using   camera examining outputs. The deterioration 

model was advanced to get the survival age. The     and Wiebul equations were used to 

stand for the division of ages in each deterioration condition. 
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Bouamrane and Bouziane 2014 developed a decision backup to deliver judgments to 

the problems of networks administration/ repairing, in order to help senior management. 

They stated that priority of interference may be by computation of three criteria 

(economic, environment and social) as well as the planning displayed  should be well 

considered.  

Even though the condition of Iraq sewer networks is not as good as those in other 

countries, large problems can be expected in the future if the current approach is not 

drastically changed. Allocated funds for sewer maintenance and operation are limited 

and not sufficient to keep the system in good condition.  

1-1 Objective of the Study 

  The main objective of this research is to develop a performance based asset 

management program to provide an assessment tool for determining the serviceability of 

the sewer infrastructure system in Baghdad city by building deterioration models. These 

models are developed using discriminate analysis and artificial neural network. The 

predictive performance of these models is assessed by adaption of statistical tests and 

confusion matrix. 

2- FACTORS AFFECTING SEWER DETERIORATION 

  The established knowledge on the mechanisms of sewer structural deterioration and 

failure along with the factors associated with deterioration should be identified and 

understood. The occurrence and propagation of defects and the rate of deterioration of 

pipes are affected by a number of factors.    

2-1 Physical Factors 

   These factors refer to the physical attributes of the sewers:  

2-1-1 Age  
The construction year affects the sewer condition since it represents the sewer age and 

the quality of the construction work. 

 2-1-2 Shape 
Among the different shapes in sewer networks, circular sewers are considered the 

strongest, Baur and Herz, 2002.  

2-1-3 Diameter  
The effect of pipe size on deterioration is rather contradictory across different studies. 

Some say that small diameter pipes are aging faster than bigger sizes. 

2-1-4 Depth 

Sewers at depths of less than 2m have higher than average failure rates Fenner et al., 

2000. In addition Anderson and Cullen ,1982 reported that 65% of the 4400 sewer 

failures that they studied occurred at a depth of 2m or less and 25% occurred at a depth 

from 2 to 4m.  

2-1- 5 Length  

Typically, long sewer (manhole-to-manhole length) results in higher deterioration rates. 

Defects in the connecting joints of the sewer pipes are one of the defects that cause the 

deterioration problems Park and Lee, 1998. 

2-1-6 Material 

There are many advantages and disadvantages using different types of materials in sewer 

networks. Typically, concrete pipes perform better than other pipes due to their high 

abrasion resistance, strength and cost Ana, 2009. Material types used in the construction 

of sewer pipes affect their reaction with the environmental Salman, 2010.  
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2-1-7 Slope  

The sewers at medium slopes deteriorate slower than sewers with steep slopes where the 

corrosion rates are high Ayuob et al., 2004.   

2-1-8 Type  

The combined system deteriorates with slower rates compared with the separate network 

carrying sanitary sewage, De Toffol et al., 2007.  

 

2-2 Environmental Factors 

These factors refer to the characteristics of the surrounding environment of the sewer 

systems. 

2-2-1 Presence of tree roots 

The growth of roots inside the pipe affects the sewage transport. Furthermore roots 

inside the sewer exert more pressure on the pipe which may break it Perera et al., 2007. 

2-2-2 Soil/backfill type 

WRc ,1994. described fine, cohesive less soils (e.g. silt, fine sand) as highly susceptible 

to ground loss, where cohesive soils (e.g. coarse sand, gravel) and clay are the 

opposite,as well as to soil properties , trench side slop and execution methods .  

2-2-3 Traffic and surface loadings  

Studies have provided evidence that sewers under main roads (heavy traffic) suffer more 

defects (cracks, fractures) compared to minor roads (light traffic).  

 

2-3 Operational Factors 

   These factors are related to how sewers operate and function. 

2-3-1 Sewer function 

One classification for the sewer networks is according to what kind of sewage it may 

carry. For the combined system the domestic sewage may be diluted with storm water 

and this could decrease the corrosion process, Tran, 2007.  

2-3-2 Sewer maintenance  

Appropriate maintenance strategies, like sediment removal, sewer cleaning and root 

cutting generally increase the service life of sewers. Nevertheless, cleaning techniques 

may accelerate sewer deterioration, Davies et al., 2001.  

 

3- MONITORING AND ASSESSING PIPE CONDITIONS 

    Pipe condition (status) is often used to describe the overall serviceability, i.e. 

structural and hydraulic capacity of pipes at a point of time in their lifetime. Because of 

pipe deterioration, the task of monitoring and assessing the changes of pipe condition 

over time becomes extremely important as part of proactive management strategies. In 

the current management practice of sewers pipes, this task consists of two steps: 1- 

selection of inspection techniques and 2- grading conditions Manu, 2010. Laser 

profiling is used in conjunction with closed circuit television (CCTV) as it uses a ring of 

laser to assess the shape of the pipe wall or any change caused by deformation, 

sedimentation and corrosion, etc., Van der Hoop, 2010.  

 

3-1 Rating Description of Condition 

   Scale which ranges from excellent to poor was used as the basis of all assessment 

sewer networks, Wagga Guide, 2010. 

3-1-1-Excellent condition:  Only planned maintenance is required, no defected is 

detected in the system. 
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3-1-2 Very good: It requires minor maintenance as well as programmed maintenance   

and rehabilitation can be scheduled for long term construction.  

3-1-3 Good: Significant maintenance is required, rehabilitation is necessary for a 

medium –term within 3- 5 year. 

3-1-4 Poor:  Significant renewal/upgrade is required, rehabilitation is keen and must be 

completed in one - two years, necessary emergency has to be checked. 

3-1-5 Very Poor:  Complete breakdown of the pipe, rehabilitation stringent and short 

term to prevent collapse is necessary. 

 

4- DETERIORATION MODELS 

     Many techniques for modeling the deterioration of sewer systems are available some 

are based on statistical methods such as, the discriminant analysis, and other based on 

artificial neural networks. The basic data required in the deterioration modeling are the 

factors mentioned in section 2.These requirements were gained from the data collected 

from Baghdad Mayoralty.  

Table 1 shows the code identification that was used in the models to specify the 

different independent variables and dependent conditions. 

 

4-1 Discriminant MODEL 
      Fisher’s linear discriminate analysis (LDA) is a statistical method for classifying or 

predicting individuals or objects into mutually exclusive and exhaustive classes based on 

a set of independent variables or predictors, Huberty, 1994. The goal of this model is to 

get a linear transformation of independent variables which represent the maximum 

proportion amidst the within scatter class, Laitinen, 2007. Modeling needs to consider 

classification models that search for any exist or potential separation between groups 

centers of the variables of interest.  Clear separation of the group's center indicates the 

goodness of the considered set of independent variables in the interpretation of the 

variability between groups of the variable condition. The classification models 

(Discriminant analysis) consider highly correlated sets of independent variables.  The 

matrix of the correlation coefficients between the continuous variables was obtained by 

using SPSS program. The information gathered for this case study was subjected to 

statistical analysis in order to provide scientific evidences about modeling the variables 

of interest.   

4-2 Artificial Neural Networks (ANN) Model. 

     In the case of sewer deterioration modeling, neural networks investigate the 

mathematical relationships between predictors (independent variables, i.e. deterioration 

factors) and responses (dependent variables, i.e. discrete sewer condition classes), Kley 

et al., 2013. Each connection between neurons has an associated weight that is 

determined by minimizing fault between the predicted output and the real output values. 

  
 

5- CASE STUDY: ZEPPELIN SEWER TRANSPORTATION LINE   
      This line is one of the main sewers that collect sewage from Alrusafa side in 

Baghdad city. This sewer is about 25400 m in length and starts from the municipality of 

Al- Shaab and ends at Alrustamiya waste water treatment plant (3
rd

 expansion) south of 

Baghdad. This sewer starts with diameters of 1800 to 2400 mm at depths of 3 to 7 m and 

ends at 3000 mm in diameter with 6 to 10 m in depth at the plant. This main line is 

clogged at rates ranging from 40% to 80% by oil, industrial wastes, trash, sediment and 
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mud, knowing that this problem is one the most complex problems facing the drainage 

systems and requires fast and effective solutions.  
 

5-1 Discriminant Model 
     The dependent variable (condition of the sewer) has only four rating conditions 

instead of five.  The excellent condition was not recorded. Table 2 shows the matrix of 

simple linear correlation coefficients for the set of variables in this region.  With respect 

to the test of significant, the variables age, diameter, and length were found to be not 

significant linearly correlated, therefore will be considered in the Discriminant model. It 

is clear from the discriminant model shown in Fig.1, that the group centroids are well 

separated from each other but there is an over lapping of the category Good with cases 

of Very good and Poor categories.  This is an indication that some of the remaining 

variables may help enhancing the classification and the total correct classification was 

found to be 68.9%. Different trials were made in order to decide on the set of categorical 

factors. The results revealed that all the variables are to be used as independent variables 

in the analysis and their contribution explains the dependent variable (condition).  Fig. 2 

shows the merged groups centroids which reflect a better separation than that shown in 

Fig.1. This figure shows that cases of the Good category are still not well separated 

whereas all of the other three categories are very well separated. 

The Box’s M test, Table 3 shows that the equalities of covariance matrices are 

significantly different and Table 4 shows the summary of the canonical correlations. In 

this situation the first function explains about 78.5% of the variance in the dependent 

variable that represent the square high correlation         . 

     Table 5 shows the output of the Wilks’ test which also indicates that the condition 

categories are significantly different from each other.   

The standardized canonical discriminates of the function coefficients are shown in Table 

6.  From this table, sewer age contributes to the maximum variance in the condition of 

the sewerage network.  It can be used as a threshold to enhance the efficiency of the 

sewer pipe. Planning was found highly contributed to the dependent variable variance 

appeared by the second discriminant function.  Moreover material was found also highly 

explained by the third function. According to the structure matrix Table 7, function 1 

can be named as the age function since age has the largest absolute value among other 

independent variables.  Function 2 can be named as the planning function and function 3 

can be named as the material function.  

     Table 8 shows the group centroids which can be used as a reference when judging or 

predicting new cases. Table 9 shows the unstandardized coefficients of the canonical 

discriminant functions which are used to build the actual prediction equation using new 

cases for classification. The classification matrix and Jack-Knife cross validation of this 

model ,Table10 shows that condition 1 (Very good) has a 100% of correct classification.  

This is an indication that the discriminant function is very robust in detecting cases of 

this group. The condition categories Poor and Very poor are also well separated and they 

have percent of correct classification 83.3 and 93.5% respectively. 

5-2 Artificial Neural Networks (ANN) Model. 

     Artificial neural network (ANN) was used here in order to enhance the results of the 

previous analysis of sewerage conditions. MATLAB programming environment 

provides very powerful procedures for implementation of such techniques.  ANN is not 
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always the procedure of choice in cases where there is no consistency between input and 

target sets of data. In order to compare the results of ANN to that of the Discriminant 

analysis, the MATLAB ANN was used.  Out of the input and target sets of data, the 

MATLAB program will extract three samples of data called training, validation and 

testing. The most common activation function is the sigmoidal function which may be 

defined as follows: 

        
 

      
                                                                                                                  

   In the back propagation learning occurs in the perceptron by changing connection 

weights after each piece of data is processed, based on the amount of error in the output 

compared to the expected result. In the case of supervised learning carried out through 

back propagation, error in output node is actually the difference between the target (TY) 

value and output value obtained by the net (Y).  That is: 

e=TY-Y                                                                                                                   (2 ) 

   Accordingly, corrections to the weights of the nodes must be made in order to 

minimize the error in the entire output.  This is a procedure that can be done by using 

different functions like gradient descent, gradient descent with momentum, and scaled 

conjugate gradient which is the case of this research work. 

   The scaled conjugate gradient algorithm (SCG), was designed to avoid the time-

consuming line search. This algorithm is too complex to explain in a few lines, but the 

basic idea is to combine the model-trust region approach (used in the Levenberg-

Marquardt algorithm described later), with the conjugate gradient approach.  Table 11 

shows the default values of scaled conjugate gradient function. The default number of 

hidden neurons is set to 10. One might want to come back and increase this number if 

the network does not perform as well as he/she expect. The number of output neurons is 

set to the number of categories of the target data.  In this context, Fig. 3 shows the first 

diagram of the neural network used in this research for the data of Zeppelin line. 

   If the provided data is not large enough, then it is not expected that ANN will lead to 

meaningful or good results. Pattern recognition tool is also a classification procedure, 

was used to produce alternative classifications.  Almost all confusion matrices revealed 

approximately the same percentages of correct classifications reaching 76.7% ,Fig. 4. 

The Mean Squared Error (MSE) is about 0.128 as shown Fig. 5 and the error histogram 

,Fig. 6 is also well distributed around zero. The neural network analysis showed that the 

condition classes are overlapped and that they are not really five classes but maybe three 

or four classes. 

6-CONCLUSIONS  

    Continuous inspection of any sewer network including pipes, manholes and pumping 

stations is necessary to provide the required maintenance as soon as possible. Training 

the technical staff will help in improving the ability of the workers for good management 

of technical problems.  Deterioration models will help to predict the asset condition and 

a critical management decision can be made.  In this study deterioration models were 

developed for the Zeppelin line in Baghdad city.  The Discriminant and Artificial neural 

network models were used for the development of these models. The main conclusions 

achieved regarding these models are:  

 

https://en.wikipedia.org/wiki/Supervised_learning
https://en.wikipedia.org/wiki/Backpropagation
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6-1 Discriminant Analysis 

     The condition variables were designed to have five distinguished classes; it appeared 
that these classes are actually four or sometimes three.  Mostly these classes were Good, 

Poor and Very poor.  Moreover, sewer age was the most significant variable in the 

evaluation process of the sewerage network condition.   Planning (management function) 

appeared to have influence on judging the condition of this line where material also had 

some influence. The cross-validate grouped cases correctly classified was 68.9% .  

  

6-2 Artificial Neural Network (ANN)  

     ANN has a remarkable ability to derive facts (target) from complicated or imprecise 
sets of data (inputs). Pattern recognition tool was used for classification of the condition 

classes. The percentage from the confusion matrix was 76.7% and MSE from the error 

histogram was 0.128 which indicates the goodness of the model in classifying new 

cases. Error histogram shows that the errors are distributed approximately equally 

around zero, this is indication of the goodness of fit for the ANN model. Continuous 

inspection and maintenance of this line, manholes and pumping stations are required as 

soon as possible for better performance. 
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ANN Artificial Neural Network  

LDA Linear Discriminate Analysis -  
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GRP Glass Fiber Reinforced Plastic (GRP) Pipes  

PVC Polyvinylchloride Pipes 

CCTV Closed Circuit Television  

MSE Mean Squared Error  

 

Table 1. CODE Summary of the sewer network. 

Data Measurement type Codes 

Condition Ordinal 

excellent (condition1),very good (condition 

2) ,  good (condition 3) , poor (condition 4) 

, very poor (condition 5) 

Sewer type Nominal 1-Gravity  sewer,    2- pressure sewer 

Sewer shape Nominal 1-circular , 2- rectangular 

Sewer function Nominal 1-combined system ,2-separate system 

Age Scale (year)  

Diameter Scale (mm)  

Depth Scale (m)  

Length Scale (m)  

Slope Scale(m)  

Tree roots Scale (number)  

Traffic Ordinal 1-low , 2-medium , 3- high 

Maintenance 

type 
Nominal 

1-rehabilitation , 2-major maintenance,       

3-minor maintenance 

Performance Scale 

90% (excellent performance), 75% (good 

performance) 65% (medium  performance), 

55% (poor performance) 

Planning type Nominal 
1-planning long term, 2-planning medium 

term, 3-planning short term. 

Material Nominal 
1-concrete pipe ,2-PVC polyvinylchloride 

pipe,3-GRP glass fiber reinforced pipe 
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Table 2. Simple linear correlation coefficient matrix. 

 Age Perform. Diameter Depth Length Slope 

Age 

Pearson  Correlation 1 -.600
**

 .101 .092 -.090 -.101 

Sig. (2-tailed)  .000 .312 .355 .366 .311 

No. 103 

Perform. 

Pearson  Correlation -

.600
**

 
1.0 .066 .040 .080 -.059 

Sig. (2-tailed) 0.000  .509 .686 .422 .552 

No. 103 

Diameter 

Pearson  Correlation .101 .066 1.00 .837
**

 -.064 -

.994
**

 

Sig. (2-tailed) .312 .509  .0 00 .524 .00 

No. 103 

Depth 

Pearson  Correlation .092 .040 .837
**

 1.0 .035 -

.808
**

 

Sig. (2-tailed) .355 .686 .000  .725 .0 

No. 103 

Length 

Pearson  Correlation -.090 .080 -.064 .035 1 .00 .091 

Sig. (2-tailed) .366 .422 .524 .725  .363 

No. 103 

Slope 

Pearson  Correlation -.101 -.059 -.994
**

 -

.808
**

 

.091 1 .0 

Sig. (2-tailed) .311 .552 .000 .000 .363  

No. 103 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table 3.  Equalities of covariance matrices. 

Box   M 74.188 

F 

Approximate 1.787 

d.f1 36 

d.f2 13554.221 

Significance. .003 

 

Table 4. Summary of the canonical correlation. 

Functions. 
Eigen. 

value 

% of 

variance. 

Cum. % Canonical 

Correlation. 

1 3.6390
a
 90.60 90.6 .886 

2 .3009
a
 7.7 98.3 .486 

 3 .069
a
 1.7 100. .254 

a. First 3 canonical discriminant functions were used in the analysis. 

Table 5. Wilk's, Lambda test. 

Test Function  (s) Wilks' Lam. chi-square df Sig. 

1.0 through 3.0 .154 179.603 24 .000 

2.0 through 3.0 .714 32.287 14 .004 

3.0 .935 6.412 6 .379 
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Table 6. Standardized canonical discriminant coefficients. 

 Function 1 Function 2 Function 3 

Age -1.004 .065 -.157 

Dia. .590 .322 .631 

Length -.013 .034 -.414 

Traffic .534 .028 -.179 

Tree roots .201 -.005 -.353 

Maintenance .110 -.248 .174 

Planning -.143 .885 -.116 

Material .297 .098 .968 

 

Table 7. Structure matrix. 

 Function 1 Function 2 Function 3 

Age -.883
*
 .191 -.033 

Planning .067 .963
*
 -.034 

Diameter .009 .634
*
 .167 

Material -.049 -.304 .545
*
 

Tree roots .091 .142 -.455
*
 

Traffic .208 .000 -.440
*
 

Maintenance .031 .136 .233
*
 

Length .062 -.151 -.190
*
 

*. Largest absolute correlation between each variable and any discriminant function 

 

 

Table 8. Functions at group cancroids.       Table 9. Coefficients of the discriminant functions.  

 

 

Unstandardized canonical discriminant 

functions evaluated at group means                      

  Unstandardized coefficients 
  

 

 

 

 

 

 Function 1 Function 2 Function 3 

Age -.402 .026 -.063 

Dia. .001 .001 .001 

Length .000 .002 -.026 

Traffic .650 .035 -.217 

Tree roots .227 -.005 -.400 
Maintenance .174 -.393 .276 

Planning -.179 1.111 -.145 

Material .935 .307 3.042 

(Constant) 8.610 -4.750 -2.136 

Cond. Function 

1 2 3 

1.00 3.573 .579 .548 

2.00 1.407 .316 -.370 

3.00 .071 -.738 .044 

4.00 -2.416 .405 .082 
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Table 10 .Classification matrix and jack-knife cross validation 
b,c

. 

 Cond. Predicted Group Membership Total 

1.0 2.0 3.0 4.0 

Originally 

Count 

1.00 10 0 0 0 10 

2.00 6 14 4 2 26 

3.00 0 5 30 1 36 

4.00 0 0 2 29 31 

% 

1.00 100.0 .0 .0 .0 100.0 

2.00 23.1 53.8 15.4 7.7 100.0 

3.00 .0 13.9 83.3 2.8 100.0 

4.00 .0 .0 6.5 93.5 100.0 

Cross-validation 
a
 

Count 

1.00 7 3 0 0 10 

2.00 6 11 7 2 26 

3.00 0 7 26 3 36 

4.00 0 1 3 27 31 

% 

1.00 70.0 30.0 .0 .0 100.0 

2.00 23.1 42.3 26.9 7.7 100.0 

3.00 .0 19.4 72.2 8.3 100.0 

4.00 .0 3.2 9.7 87.1 100.0 

a. Cross validation is done only for those cases in the analysis 

b.. 80.6% of origin group cases correctly classified. 

c.. 68.9% cross-validated grouped cases correctly classified. 
 

 

Table 11. Default values of the function trainscg. 

Epochs 100 Maximum number of epochs to train 

Show 25 Epochs between display (NaN for no displays) 

Time Inf Maximum time to train in seconds 

min_grad 1-e6 Minimum performance gradient 

max_fail 5 Maximum validation failures 

Sigma 5.0e-5 Determine change in weight for second derivative 

approximation 

Lambda 5.0e-7 Parameter for regulating the indefiniteness of the Hessian 
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 Figure1.Canonical discriminant functions applied to the data of region.  

Figure 2. Canonical discriminant functions applied to the merged data of the region. 

 



Journal of Engineering Volume   22  February  2016 Number 2 
 

 

40 
 

 

Figure 3. The first diagram of neural network. 

 

 

Figure 4. Confusion matrices of the Zeppelin line. 
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Figure 5. MSE of the ANN model for the Zeppelin line. 

 

 

Figure 6. Error histogram of the outputs of ANN model.  
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ABSTRACT 

In wide range of chemical, petrochemical and energy processes, it is not possible to manage 

without slurry bubble column reactors. In this investigation, time average local gas holdup was 

recorded for three different height to diameter (H/D) ratios 3, 4 and 5 in 18" diameter slurry 

bubble column. Air-water-glass beads system was used with superficial velocity up to 0.24 m/s. 

the gas holdup was measured using 4-tips optical fiber probe technique. The results show that the 

axial gas holdup increases almost linearly with the superficial gas velocity in 0.08 m/s and levels 

off with a further increase of velocity. A comparison of the present data with those reported for 

other slurry bubble column having diameters larger than 18" and H/D higher than 5 indicated 

that there is little effect of diameter on gas holdup. Also, local section-average gas holdups 

increase with increasing superficial gas velocity, while the effect of solid loading are less 

significant than that of superficial gas velocity. 

 

Key words: slurry bubble column, gas holdup, optical probe. 

 

بىاعطة المجظ إلً القطش علً المحتىي الغاصٌ المحىسٌ المقاط  عالنغب المختلفة للاستفاتأثُش 

 فٍ العمىد الفقاعٍ الزٌ َحتىٌ علً صلب الأسبعةالبصشٌ رو النهاَات 

 

 َاعش عماد عبذالعضَض

 مذسط

      جامعة النهشَن –كلُة الهنذعة     

 

 الخلاصة

نًذٖ ٔاعغ يٍ انؼًهٛاث انكًٛٛأٚت ٔ انبخشٔكًٛٛأٚت ٔ ػًهٛاث انطاقت نٛظ يٍ انًًكٍ الاعخغُاء ػٍ يفاػلاث الأػًذة انفقاػٛت 

قطش  إنٗ عالاسحفادساعت يؼذل انًحخٕٖ انغاص٘ أنًٕقؼٙ نزلاد َغب يخخهفت يٍ  جراث انًحخٕٖ انصهب. فٙ ْزا انبحذ, حً

صجاجٛت ٔ عشػت انغاص حصم إنٗ  حبٛباث –ياء  –َظاو ْٕاء  اعخخذو اَج. 18يقذاسِ نقطش يفاػم  5ٔ 4ٔ  3انًفاػم ٔ ْٙ 

انًحخٕٖ انغاص٘  أٌو/را. حى قٛاط انًحخٕٖ انغاص٘ باعخخذاو حقُٛت انًجظ انبصش٘ رٔ انُٓاٚاث الأسبؼت. بُٛج انُخائج  0,25

ٔ حغخقش يغ صٚادة عشػت دخٕل انغاص. إٌ   و/را 0,08غخقٛى يغ صٚادة عشػت دخٕل انغاص ػُذ انًحٕس٘ ٚخضاٚذ حقشبا ً بشكم ي

 إنٗاَج ٔ َغبت اسحفاع  18صهبت راث أقطاس اكبش يٍ  ثيقاسَت انُخائج يغ باحزٍٛ آخشٍٚ ػًهٕا ػهٗ يفاػلاث فقاػٛت بًحخٕٚا

يخٕعظ انًحخٕٖ انغاص٘  أٌأٚضا ً, ٔ جذ  .حخٕٖ انغاص٘بُٛج اَّ ٕٚجذ حأرٛش يحذٔد نقطش انًفاػم ػهٗ انً 5قطش أػهٗ يٍ 

 نهًقاطغ ٚضداد يغ صٚادة عشػت انغاص انغطحٛت فٙ حٍٛ أٌ حأرٛش حشكٛض انصهب ْٙ اقم أًْٛت يٍ عشػت انغاص انغطحٛت. 

 

     انصهب, انًحخٕٖ انغاص٘, انًجظ انبصش٘. ؼانقانؼًٕد انفقاػٙ رٔ ان: ةلكلمات الشئُغُا
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1. INTRODUCTION 

slurry bubble column reactors have been considered as very important and promising 

technologies in multiphase operations such as biological waste water treatment, flue gases, 

desulphurization, Fischer–Tropsch synthesis, fermentation production of ethanol and mammalian 

cells and hydro–treating of heavy petroleum, Larson, and Tingjin, 2003, Azzopardi, et al., 

2011, Prakash, et al., 2001. The hydrodynamics and reaction kinetics play a major role in the 

selection, design, size and performance of these reactors. Since, the reaction regimes are highly 

affected by phase holdup and mass transfer which are needed to maintain the gas concentration 

in the reaction regimes at certain level, that sustain the reaction progress. While, it should be 

interested to study low ratios of H/D as it is used in bulk industrial applications, most published 

data are obtained in small column diameters, with H/D ratio greater than ten times. 

Some researchers reported that the overall gas holdup is not affected when the H/D ratio above 5, 

Parasu, and Joshi, 2000. Numerous authors reported that, in homogeneous regime, the overall 

gas holdup is independent on the column diameter when it is greater than 0.15m (except for 

highly viscous solution), Joshi, et al., 1998, and Shah, et al., 1982. In general, all papers dealing 

with column size reported that liquid recirculation and back-mixing increases strongly with 

column diameter, Krishna, 2000, Baird, and Rice, 1975, Towell, and Ackerman, 1972. 

However, the data reported in open literatures are disordered and have to be assessed and 

validated at different conditions and scaling up design parameters, Forret, et al., 2006. 

Recently, the data which has been published in literatures of several investigators, Vandu, and 

Krishna, 2004, Chilekar, 2007, Yu, et al., 2012, is also in agreement with the proposed 

influence of the column diameter on the hydrodynamics of the slurry bubble column which  is in 

same trend with the  previously work of,  Shah, et al., 1982. They revealed that the gas hold-up 

decreases with increase in the column diameter up to 15cm )5.9") due to increase in liquid re-

circulations. Above 15cm diameter there is no influence of column diameter on the measured gas 

hold-up up to 5.5 m column diameter. On the other hand, they did not report how the variation 

are under different solid loading and low H/D ratios which are essential to achieve reliable 

figuring out for scaling up of industrial applications. The lack of complete understanding of the 

hydrodynamics of bubble columns under this range of H/D ratios makes it difficult to improve 

their performance by right selection and control of operation parameters. 

The main objective of this research is to focus on the measurements of hydrodynamic parameters 

using four tips optical fiber probe and evaluate the impact of scale and solid loading on the 

hydrodynamics of slurry bubble column.  

 

2. EXPERIMENTAL WORK         

A large scale Plexiglas column of 18" (45cm) diameter and 115" (292 cm) length was used as a 

test contactor in this research, as shown in Fig.1. The column was supported by firm steel 

structure to keep it vertical and minimize the vibrations which might affect the measured gas 

holdup signals. All experiments were carried out using filtered tap water and oil free compressed 

air. A perforated plate was used as a distributor with 1.09% open area (area of open holes to total 

area of plate), 241 holes of 3mm diameter placed in a square pitch. The gas flow rate was 

regulated by two rotameters to cover the range of flow and the water was used in batch mode 
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with varied hydrodynamic height above the distributor according to the H/D ratios used 

throughout the experiments in the range of 3 to 5. Glass beads particles of 150 μm and 2430 

kg/m
3
 density were used as suspended solids with loading of 0, 9 and 20%. The glass particles 

were mixed with tap water over night to ensure complete wetting and good liquid distribution 

throughout the experiments. Four – tips optical probe was used to obtain the hydrodynamic 

measurements. The technical and working details were described elsewhere, Youssef, 2010. 

Local probe measurements were taken at five different axial positions (14, 28, 42, 56 and 70") at 

the center of the column when the probe tips facing downward. It is well known that the gas 

holdup measured by the probe, which is time based, is little different from the overall volume 

based gas holdup, that is commonly used. The overall gas holdup based on volume ratio is 

defined as the fraction occupied by gas in multiphase system which is measured using the bed 

expansion method. The local gas holdup obtained by the probe is defined as: 

 

     
  

 
                                                                                                                                      (1) 

 

where, tg is the time which the probe spends in the gas phase and t is the total measuring time, 

Xue, 2004. 

 

3. RESULT AND DISCUSSION 

The profiles of axial gas hold up were obtained from the measured signals of optical fiber probe 

at different slurry concentrations and several ratios of H/D. Three main regions can be 

distinguished to the axial gas holdup profile in slurry bubble column. These are mainly 

categorized as: the distributor region which is near the column bottom, the bulk region and the 

foam or disengagement region at the top of the column, Gandhi, et al., 1999. The relative size 

and magnitude of each region would vary depending on operating conditions. In general, gas 

holdups were low near the distributor region, relatively constant in bulk region and high in the 

top region. These observations are generally in agreement with literatures. 

 

3.1 Effect of H/D ratio on gas holdup  

The effect of H/D ratio and suspended solid concentration on axial gas holdup for three 

superficial gas velocities 0.08, 0.16 and 0.24 m/s. are properly illustrated in Fig. 2 to 4. It is 

worth mentioning, from visual observation that the glass beads blocked some of distributor holes 

leading to plume formation during the bubbling of gas in the column near the entrance zone. This 

phenomenon led to an earlier regime transition, and decreased the gas holdup. Thus, the low 

values of gas holdup that is observed near the distributor could be attributed to a fouled 

distributor plate and there will be a negligible effect of coalescence behavior of bubbles as 

supported by other researchers, Chilekar, 2007. Gandhi, et al., 1999 reported that the gas 

holdup in the distributor region is a net result of the bubble formation, bubble coalescence and 

bubble breakup hence, the probe response does not increase substantially throughout this zone. 

In the next region i.e. the bulk zone, the behavior of bubbles became more uniform throughout 

the experiments due to the higher pressure drop across the distributor, hence the gas was 
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bubbling uniformly though the holes over the distributor region. Moreover, gas holdups 

measured in the column with 0% and 9% solid loading are slightly different at H/D of 3 and 4, 

this result is in agreement with the conclusion revealed by, Lau, et al., 2009. The influence of 

the distributor is expected to extend up to an axial height of about 0.7m and beyond that, higher 

gas holdup was be achieved through the bulk region and the maximum values were recorded at 

the top of the column specially when the H/D ratio equals five. It was also noticed, the increase 

in superficial gas velocity enhanced the local gas holdup as shown in Fig. 3 and 4. The main 

presence of gas holdup in the distributor region comes from gas bubbles which were drifted by 

the high circulation of slurry resulting from the higher gas velocity. Also, it was clearly noticed 

from the above mentioned figures that the gas holdup in the above regions (bulk and the top) is 

much higher especially at gas velocity 0.24m/s comparing with lowest gas velocity i.e. 0.08m/s. 

This observation is agreed with other researches like, Forret, et al., 2006. They explained that 

the circulation bubbles may enter the bottom region from the minimum resistance path, and the 

presence of the gas distributor dispatch most gas bubbles to the upward direction which enhances 

the gas holdup in the above regions. 

 

3.2 Effect of superficial gas velocity  

The variation of local gas holdup with superficial gas velocity at different solid concentrations 

were illustrated in Fig. 5, 6 and 7. From these figures, it is evidently shown that gas holdup is 

increasing continuously with increasing of superficial gas velocity at all slurry concentrations 

from 0 – 20%. These increments are very slow and slight in the distributor zone especially when 

the slurry concentration is elevated to 20%, but in general there is no significant change in gas 

holdup under these conditions as shown in Fig. 5.  

On the other hand, an obvious increase in gas holdup at bulk and top regions for all solid 

concentrations was found but it was decreasing with increasing the loading concentration till it 

reached the lowest values at 20% concentration. This may be attributed to the reduction in 

bubble break-up due to increasing suspension viscosity and this is compensated by availability of 

larger bubbles which have higher breakage rate as agreed with, Prince, and Blanch, 1990. Such 

an increment in gas holdup was not recorded at low gas velocities for example in 0.08m/s, but it 

was a distinguishable increase in gas holdup at higher gas velocities from 0.16 to 0.24 m/s in 

bulk and progressively in the top regions due to the high gas holdup in the top region which 

extended further down the column at higher gas velocities. While the increment of slurry 

concentration has incompatible effect with gas holdup and superficial gas velocity has 

affirmative gradient effect with gas holdup. 

Generally, according to numerous researchers, Koide, et al., 1984, De Swart, and Krishna, 

1995, Krishna, et al., 1997, the increase of gas holdups obtained at high gas velocities can be 

attributed to the higher rate of bubble break-up caused by interaction of turbulent eddies with 

bubbles. The presence of solid particles can cause a dampening effect on bubble break-up rate 

due to higher suspension viscosity where the probe response does not increase substantially 

above a particular velocity which is specified by, Xue, 2004, up to 0.35m/s. So, the optical probe 

response recorded in this study for different superficial gas velocities along with various solid 
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concentration match with the behavior of gas holdup which was proved by the previously 

mentioned researches. 

4. CONCLUSIONS 

The effect of low H/D ratios on gas holdup measured by optical fiber probe in large scale slurry 

bubble column was studied by analyzing the experimental results under operating condition of 

solid loading and superficial gas velocity. It was found that operating under low H/D ratios gave 

reasonable values of gas holdup and there is significant variation along the axial direction. As 

well as, the four tips optical fiber probe which was used in this investigation was able to get 

reasonable data within good agreement with open literatures. where, the data which have been 

obtained for gas holdup led to the following finding: 

1- At H/D ratio as 3 under different operating conditions, the local gas holdup increased 

with axial direction and superficial gas velocity become more identical. While, it 

decreased with elevation of slurry concentration. At the highest solid loading, almost 

about 20% the trend approached steady state along the height, but with less addition of 

solid the gas holdup it increased progressively throughout the axial distance. 

2- At H/D ratio as 4 with same operating conditions as previous ratio, the gas holdups 

obtained significantly varied along the column at all solid loadings and there was no 

identical values along the height with an obvious increasing of gas holdup in comparison 

with the 3 H/D ratio.  

3- At H/D ratio as 5 under the previously mentioned operating conditions, the gas holdup 

increased along with axial height and approached the value of 0.34 and 0.25 at 9% and 

20% loading of solid respectively. This increment started with low value in the region 

near the distributor and proceed toward the highest value where it approached steady 

state at this point. The increase of gas flow rate enhanced the gas holdup as expected and  

had an advantage of approaching steady state early. 
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Figure 1. Schematic diagram of the experimental setup. 
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(a) H/D = 3 

 

(b) H/D = 4 

 
(c) H/D = 5 

Figure 2. Variation of local gas holdup with axial distance for different solid concentrations and  

H/D ratios (a) H/D=3, (b) H/D=4, (c) H/D=5; at Ug=0.08 m/s. 
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(a) H/D = 3 

 
(b) H/D = 4 

 
(c) H/D = 5 

Figure 3. Variation of local gas holdup with axial distance for different solid concentrations and  

H/D ratios (a) H/D=3, (b) H/D=4, (c) H/D=5; at Ug=0.16 m/s. 
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(a) H/D = 3 

 
(b) H/D = 4 

 

(c) H/D = 5 

Figure 4. Variation of local gas holdup with axial distance for different solid concentrations and  

H/D ratios (a) H/D=3, (b) H/D=4, (c) H/D=5; at Ug=0.24 m/s. 
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(a) H/D = 3 

 
(b) H/D = 4 

 
(c) H/D = 5 

Figure 5. Variation of axial gas holdup with superficial gas velocity for different solid 

concentrations and  H/D ratios (a) H/D=3, (b) H/D=4, (c) H/D=5; near the distributor. 
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(a) H/D = 3 

 
(b) H/D = 4 

 
(c) H/D = 5 

Figure 6. Variation of axial gas holdup with superficial gas velocity for different solid 

concentrations and  H/D ratios (a) H/D=3, (b) H/D=4, (c) H/D=5; bulk region. 
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(a) H/D = 3 

 
(b) H/D = 4 

 
(c) H/D = 5 

Figure 7. Variation of axial gas holdup with superficial gas velocity for different solid 

concentrations and  H/D ratios (a) H/D=3, (b) H/D=4, (c) H/D=5; top region. 
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ABSTRACT 

Solar energy usage in Iraq is facing many issues; one of those is the accumulation “of the dust 

on the surface of the solar module which” would highly lower its efficiency. The present work 

study the effect of dust accumulation” on installing fixed solar modules with different inclined 

angles 15
o
, 33

o
, 45

o
, 60

o
. Evaluation of the solar modules performance under different 

circumstance conditions such as rain, wind and humidity are considered in study of dust effect 

on solar module performance. The results show that the lowest output average efficiencies of 

solar modules occurs at 15
o
 horizontally inclined angle are 7.4% , 6.7% , 8.0% , 8.1%, and 8.4% 

for the corresponding  months; June, July, August, October, and September respectively while 

the highest average efficiencies are 8.9% , 9.1% , 9.4% , 9.6% , 9.6% for an inclined angle 60
o 

for the same month. lose power output rate for angle 15
o
 horizontally inclined solar modules are 

as following 32.6%, 32%,31.6%,34.9%,26.2% for months; June, July, August, October, and 

September respectively , while the results for the 60
o
 horizontally inclined solar module are 

26.9%, 17%, 24.2%, 28.1%, and 9.7% for the same five months. As a final result is that the 15
o
 

horizontally inclined solar panel is less efficient compared with the 60
o
 horizontally inclined 

solar panel and the difference in the results in the months was mainly due to the weather changes 

(summer and winter). The solar modules efficiency and lose power rate values for the inclination 

angles 33
o
 and 45

o
 are ranged between the values of 15

o
and 60

o
 inclination angles. 

 

Keywords: dust, solar module, humidity, wind, and efficiency. 

 تأثير الغبار على كفاءة وحذاث الالواح الشمسيت احاديت التبلور وبزوايا ميل مختلفت وضمن الظروف

 المناخيت لمذينت الجادريت

 تبارك عبذ حسين                                                         عماد طالب هاشم                                        

طانة ماخسريش                                                                  أسرار مساعذ     

 /كهيح انٍىذسح/خامعح تغذاد لسم ٌىذسح انطالح                                  لسم ٌىذسح انطالح/كهيح انٍىذسح/خامعح تغذاد

 

 الخلاصت

انطالح انشمسيح في انعشاق ذُاخً مشاكم كثيشج, َازذج مه أٌم ٌزي انمشاكم ٌي ذشاكم انغثاس عهى سطر الأنُاذ  أن ذطثيماخ

ثيش ذشاكم انغثاس عهى كفاءج انخهيح انشمسيح  مه أدساسح ث ذم.دائٍا تشكم زاد. في انعمم انسانيانشمسيح انري ذسثة اوخفاض أ

ذمييم أداء  . ذمد انمياساخ خاسج انمخرثشممع الأفك ذ º15º,33, º45,º60خرهفح خلال وصة أنُاذ شمسيح ثاترح تضَايا ميم م

الأنُاذ انشمسيح ذسد انظشَف اندُيح مثم ٌطُل الإمطاس, انعُاصف انرشاتيح, انشياذ, َانشطُتح.ذشيش انىرائح انردشيثيح إنى 

 ,%8 ,%7.6 ,%7.4 ,ذصم إنى زُاني  الأفك مع15ºيحنخاسخح نهُذ انشمسي انمائم تضاَأن معذل انكفاءج ا



Journal of Engineering Volume   22  February  2016 Number 2 
 

 

57 

 

 %9.4 ,%9.1 ,%8.9 ,ذمُص,أب, أيهُل,ذششيه الأَل عهى انرُاني. تيىما ذصم نسُاني  لأشٍش زضيشان,8.1%8.4%

ان ألصى ليمح نخسائش َكىريدح وٍائيح فمع الأفك. 60º نىفس الأشٍش انمزكُسج ساتما نهُذ انشمسي انمائم تضاَيح  9.6%,9.6%

لأشٍش  26.2   %34.9 ,,%31.6 %32 ,%32.6 , َصهد نسُاني º15تضاَيح  ح نهُذ انشمسي انمائم انمذسج انخاسخ

نىفس %9.7%28.1 ,%24.2 ,%17 %26.9 عهى انرُاني. تيىما َصهد نسُاني  آب, أيهُل َ ذششيه الأَل, ذمُص,  زضيشان

مع الأفك  º15. مه ٌزي انىرائح يمكه ملازظح إن انهُذ انمثثد تضاَيح 60ºالأشٍش انمزكُسج ساتما نهُذ انشمسي انمائم تضاَيح 

مع الأفك َان ذغيش انىرائح نلأشٍش انمخرهفح )انصيف َ انشراء( ٌُ وريدح  60 الم فعانيح مماسوح مع انهُذ انشمسي انمثثد تضاَيح

مسصُسج تيه ليم  َخساسج انمذسج33ºَ  45º ٍا َانري صَايا ميه كفاءج الانُاذ انشمسيح .رأثش تصُسج كثيشج تانظشَف اندُيحان

 .15º َ60º انىرائح نهضاَيرييه 

ذ انشمسي، انشطُتح، انشياذ، انكفاءج. كلماث رئيسيت:  انغثاس ، انهُ

 
1. INTRODUCTION 

Most renewable energy sources come from external sources to the earth, primarily from the 

sun. The most important point is that renewable sources do not run out, in contrast to 

conventional energy sources based on fossil fuel such as carbon, petrol and gas. The “amount of 

solar energy reaching the earth every year is roughly 10 24 J. This is more than a thousand times 

the annual energy consumption of the entire world, indicating that (in principle) the worldwide 

requirement for energy could be supplied by solar energy. This energy is capable of producing 

large quantities of electricity for present as well as” for future uses, Delfina, 2008. Iraq has a 

good value of solar insolation and the maximum value of insolation distributed in the mid and 

south of it, as well as, the average annual insolation of Baghdad is equal to about 5.27 

kwh/m
2
/day. This value is supported by the solar insolation data from NASA research center. 

Over years, many researchers have studied the characteristics of PV modules and the factors that 

affect them. Walker, 2001 has proposed a MATLAB-based model of a PV module to simulate 

its characteristics and to study the effect of temperature, insolation, and load variation on the 

available power”. The mono and poly crystalline modules output are greatly dependent on the 

solar radiation perpendicular to the modules, whereas the amorphous panel works even with the 

diffused radiation. Though the efficiency of the amorphous panels is less but their energy yield is 

high compared to the others in some cases. Moreover the output of crystalline modules suffers 

more from dust accumulation as compared to the amorphous modules. 

Qasem et al., 2012, exposed the south-facing glass samples at different tilt angles under 

outdoor environment conditions for one month in Kuwait. A non-uniformity index defined as 

transmittance values at the top, middle, and bottom of the samples. Non-uniformity of the 

vertical sample was found to be 0.21%, while the sample tilted at 30° showed 4.39% non-

uniformity between the three sections”. This observation suggests non-uniform dust deposition 

as a function of tilt angle”. 

Lorenzo et al., 2013, “investigated the impact of non-uniform dust deposition pattern on PV 

arrays in a 2 MW PV park in south-eastern Spain. It has been observed that dusty modules have 

significantly lower operation voltage than the less dusty or clean ones in the same string. 

Partially-shaded cells act as loads to clear cells connected in series. Consequently, more output 

power losses occur in the formation of hot spots. Infrared (IR) images taken from the array 

showed that hot spots formed in areas with higher dust concentration with up to 23° C higher 

compared to that of the surrounding panel surface”. In long-term exposure, these hot spots cause 

the thermal degradation of the PV arrays. 

The objective of the present work is to study the effect of dust on the efficiency and the 

efficiency loss of silicon mono crystalline solar modules at different tilt angles at Al-Jadryia 

climate conditions. 
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2. DUST EFFECT ON THE PV SOLAR PANEL 

Soiling is a term used to describe the accumulation of dirt on solar panels that reduces the 

amount of sunlight reaching solar cells. Also Soiling includes not only dust accumulation, but 

also surface contamination by plant products, soot, salt, bird droppings, and growth of organic 

species, adversely affecting the optical properties. “Major performance-limiting factors other 

than soiling include temperature effects (primarily in mono-crystalline silicon and multi- 

crystalline silicon PV modules), high relative humidity (RH), high wind speed, corrosion, and 

delimitation of the energy conversion devices”. It is often a problem in the areas where it is not 

raining for months in a row. This has a cascading effect on performance, from the reduction of 

sunlight to causing reduced energy absorption by solar cells. This can cause the whole system to 

work harder and consequently reduces energy output, Al-Hasan, 1998. While dust is term 

generally applying to minute solid particles with diameters less than 500 μm. It occurs within the 

atmosphere from various sources such as dust lifted up by wind, pedestrian and vehicular 

movement, volcanic eruptions, and pollution. Dust would also refer to the minute pollens (fungi, 

bacteria and vegetation) and micro fibers (from fabrics such as clothes, carpets, linen, etc.) that 

are omnipresent and easily scattered through the atmosphere and consequently, settle as dust, 

Mani and Pillai, 2010. Studying the dust effect on the PV panel will help to select panel 

technology for a particular type of application and location. The accumulation of dust particles 

on the surface of PV module greatly affects its output power, especially in the desert areas. 

“However, desert countries are suited for photovoltaic power generation due to abundant 

availability of sunlight throughout the year. Experiments have shown that just 2 mg/cm
2
of fine 

dust on solar panel can reduce its output by nearly 30%. At 8 mg/cm
2 

dust deposition, output is 

reduced to just 10% of that obtainable for a clean panel, Horenstein et al., 2011. In bigger PV 

solar panels, more work forces and machines will be needed to keep making the rounds and 

cleaning the panels, especially after a sand storm CSEM, 2010.The dust accumulation on the PV 

panel surface depends on different parameters like PV panel inclination, kind of installation 

(stand alone or on tracker), humidity, etc.  

 

3. “OUTPUT CHARACTERISTICS OF SOLAR MODULES”  

The output characteristics of solar cells are expressed in the form current-voltage curve. A test 

circuit and typical current-voltage curve produced are shown in Fig.1. The current-voltage curve 

is produced by varying RL (load resistance) from zero to infinity and measure the current and 

voltage along the way. The point at which the current-voltage curve and resistance (RL) intersect 

is the operating point of the solar cell. The current and voltage at this point are Ip and Vp, 

respectively. “The largest operating point in the square area is the maximum output of the solar 

cell as it's demonstrated in Fig.2. Fill factor (FF) is the relation between the maximum power 

that the panel can actually provide and the product ISC .VOC. This gives you an idea of the quality 

of the panel because it is an indication of the type of I-V characteristic curve. The closer FF is to 

1, the more power a panel can provide. Common values usually are between 0.7 to 0.8. Solar 

module efficiency (η) is the ratio between the maximum electrical power that the module can 

give to the load and the power of the solar radiation (PL) incident on the module. This is 

normally around 10-12%, depending on the type of cells (mono-crystalline, polycrystalline, 

amorphous or thin film). Considering the definitions of point of peak power and the fill factor as 

its follows: 
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4. EXPERIMENTAL MEASUREMENTS  

4.1 Description of the System 

Four different tilt angles were chosen for the fixed system of four monocrystalline solar 

module (solar module specification are available in Table 1). The first angle was (15
o
) with the 

horizon as it is assumed to be the appropriate angle for summer application because the average 

of solar zenith angle is about (15
o
), in addition to that Iraq suffers from an increase of solar 

radiation in Summer. The second angle was (33
o
) with the horizon as it is assumed to be the 

appropriate angle in Baghdad for the annual applications to get a good match with latitude of 

Baghdad (33
o
), according to the information data of NASA (NASA 2002) and other research 

results, Al-Sudany 2009. The third and fourth angles are 45
o
 and 60

o
 respectively with the 

horizon as it is assumed to be the appropriate angle for winter applications because the average 

of solar zenith angle is about 45
o
 and 60

o
, in addition to that Iraq suffers from a decrease of solar 

radiation in Winter due to optical path of radiation (air mass) compared with that in Summer 

season. Four similar solar panels with power of 50 watt (dimensions; length, width, and 

thickness =845x545x35mm) are fixed at previous angels. 

All of the modules are calibrated according to standard procedure supplied by the manufacturer 

and to be cleaned at the beginning of every month (June, July, August, September, and October) 

to study effect of accumulated dust for each month. The solar modules system is available in 

Fig.3. 

Solar module analyzer (prova 200) is used for testing and maintenance of solar panels and 

modules (see Fig.4). Table 2 provides the general specification of prova 200. Table 2 provides 

the accuracy and   solution of the solar module analyzer. The prova 200 solar panel analyzer can 

be used   in the   manufacturing and testing the solar panels and cells. The portability of this 

device is useful in quality assurance at   various    stages on the production line and can be taken 

from one location to another”. 

Data Logging Solar Power Meter TES-1333R is used for measuring solar radiation flux 

(W/m
2
) (see Fig.5). Besides dealing with high power (up to 2000W/m² / 634Btu) it also handles 

a range of spectrum, from UV (400nm) to IR (1000nm).The sensor is a photovoltaic sensor, 

which ensures stable and good measurements over a long time. The instrument is also Cosine-

corrected for the angular incidence of solar radiation. Also that TES-1333R has four digit 

displays with 0.1W/m²/0.1Btu resolution.  

Prova 200 and TES-1333R are calibrated according standard procedure supplied by the 

manufacture using on-line software programs.  

                  

5. RESULTS AND DISCUSSION 

Present work was performed to evaluate the performance of PV solar module under the 

effect of natural dust deposition on the fixed solar panel with different tilt angles and fix solar 

radiation 1000 W/m
2 

(to get this values at outdoor condition, depending on time and tilt angle 

of the module; for example module with tilt angle 15
o
 will be have a solar radiation 1000 

W/m
2
 at 11.00 a.m.). The exponential work have made during the five months from June to 

October 2014. This work is done at an average temperature of 40
o
C and average wind speed 2 

km/hr. 
 
Figs.6 and 7 show the relation between the efficiency and efficiency drop for Jun 

month as a function of the deposition period for four tilt angles: 15
o
, 33

o
, 45

o
, and 60   
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respectively. Fig.8 to Fig.15 demonstrate the efficiency and efficiency drop for months; July, 

August, September and October respectively. The perturbations in the curve are due to the 

effect of weather conditions which occur during the test period such as wind, dust storm, and 

rainfall .The first day of month represents the start of the work where all the panels were 

cleaned. In Jun, it can be seen that the value of output power losses reached the maximum 

value compared with that of the other months July, August, September and October because a 

heavy dust storm was occurred which caused a deposition of dust on the solar panels surface. 

It can be seen after eight (8) days for deposition period that the losses were increased with 

respect to decrease in efficiency as the deposition period continued and then followed by wind 

storms that lead to natural cleaning and hence to a reduction of losses. With the deposition 

period continued the losses increased. Consequently, the maximum efficiency losses reached 

about 32.6% for the tilt angle 15
o
in June and the average of losses for this period are about 

23.8%.On the other hand, the case of other tilt angles 33
o
, 45

o
, and 60

o
 facing the south, the 

losses in the efficiency of solar modules are less than that of solar module at tilt angle 15
o
 

because the increasing of the tilt angle of the PV solar panel leads to the reduction of the 

deposited dust on the solar module surface due to the small change of the gravitational force 

for dust particles and therefore leads to the decrease of losses resulting from the accumulation 

of dust. From Fig.8 it can be seen that the maximum losses in June are about 30%, for tilt 

angle 33
o
, 28.4 % for tilt angle 45

o
, and 26% for tilt angle 60

o
, it can be seen that tilt angle 60

o
 

is much butter compared with the other angles. 

In June, although a heavy dust storm was occurred after 13 days of deposition period with 

average value of relative humidity about 34.3%, but the average efficiency and losses in 

efficiency were reduced than other months due to the activity of high winds which plays an 

important role in reduction of accumulated dust on the solar modules surface. In addition to 

that “this month was characterized by high temperatures with average of 46.1
o
C and low 

humidity which leads to decrease the adhesion force for dust particles on the solar modules 

surface which means for dry months the accumulated dust is low. The weather conditions for 

this month, play an important role in reducing the accumulation of dust on the solar panels 

surface; therefore, the maximum efficiency losses reach to 32%, 30.3%, 30 % and 17% for 

fixed solar panels at tilt angle (15
o
, 33

o
, 45

o
, and 60

o
) respectively, whereas the average losses 

in efficiency for this month reached to 24%, 18%, 15.4% and 8.8% for all four cases. This 

month is similar in behavior with the dry months (June and July), which is characterized by 

dust storms occurred for several times , While the maximum losses in efficiency reached to 

31.6%, 30.4%, 28.4% and 24.2% for fixed solar panels at tilt angles (15
o
, 33

o
, 45

o
, and 60

o
)  

respectively because the activity of winds which plays an important role in reduction of 

accumulated dust on the solar panels surface and low humidity which leads to decrease the 

adhesion force for dust particles on the solar panels surface, Where the average value of 

humidity for this month of about 25%, whereas the average losses in efficiency for this month 

reached to 20.3%, 16.6%, 10.46 and 8.6% for all four cases.  Finally we can see that the 

losses in this month are less than previous months. 

 

From these results it can be seen that the average loss in the  efficiency of fixed solar panel 

at tilt angle (60
o
) are less than that of solar panel at tilt angle (33

o
) for the before mentioned 

reason. From all results which are previously mentioned, this method is very effective for 

reducing the accumulation of deposited dust on the solar panel surface dramatically and 

effectively. This is illustrated in the Figs.16 and 17 for five months of the year, namely: June, 

July, August, September, and October”. 
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The percentage efficiency loss of mono-crystalline solar module with tilt angle 33
o
 is 25% 

during period date 1 July 2014 to 1 August 2014(at Baghdad/ Al-Jadryia city), while the 

percentage efficiency loss for the same type of solar module and during period date 1 July 

2012 to 1 August 2012 with tilt angle 30
o
 is 15% (at Kuwait city), Qasem, 2013. He also 

found the long exposure patterns (30 day) led to higher losses in efficiency of 19.4% in 

comparison to 14.8% for the short exposure (few days). While the present work result for the 

same approximated conditions is 12% and 20% respectively.  

The percentage efficiency loss of mono-crystalline solar module with tilt angle 15
o
 is 33% 

during period date 1 September 2014 to 20 September 2014 (at Baghdad/ Al-Jadryia city), 

while the percentage efficiency loss for the same type of solar module and during period date 

1 September 2011 to 30 September 2011 with tilt angle 15
o
 is 45% (at University of 

Technology/ Energy center), Jasim et al., 2015.  

 

6. DUST PARTICLE SIZE 

A sample of dust 0.3gm has been collected from the panel which was instilled at altitude of 

10 m. The sample weighted then it has been solvent in 100 mm of water. The sample is put in 

grain size measurement device (SALD-2101) and by special program; the range of grain size 

is collected. The result of grain size test is shown in Fig.18 (the analysis of dust grain size has 

been made at ministry of science and technology). The graph shows that 10% of the total 

amount has an average diameter of 0.798μm, 50% of the total amount has an average 

diameter of 9.146μm, and 75% has an average diameter of 16.800μm. As it clear, the larger 

amount of dust belongs to the particles which have bigger diameter. Because the bigger grains 

are heavy, they tend to instill on the surfaces because of the gravity. Whenever the altitude 

increased, the dust particle becomes lighter and smaller and that is the reason behind this 

small dust size grain. As it is mentioned before the finer particles become more adhesive and 

stick to the surface of the solar panel, reduce panel's performance and make the cleaning 

operation more difficult. 

 

7. CONCLUSION 

The results of the experimental work are used for evaluating the performance of PV solar 

panels under natural deposition of dust in Baghdad environment conditions. The losses in the 

power of fixed solar panel at tilt angle 60
o
 with the horizon are less than that of solar panel at 

tilt angle 15
o
 with the horizon. The weather conditions affect significantly on the 

accumulation of dust on solar panels which leads to effect on their performance such as the 

rain in some months causes natural cleaning for PV solar panels especially during October. 

The high wind speed plays an important role in natural cleaning which   leads to reducing the 

accumulated dust on the solar panels surface especially in summer months. The accumulated 

dust on the solar panels surface in summer months is more than that in winter months.                                                             

 

Nomenclature 

 

FF =fill factor, dimensionless. 

IL =photocurrent of the solar cell, A 

Im, Imp, Imax =maximum current of solar cell, A 

Isc =solar module short- circuit current, A 

K =Boltzman’s constant, J/K 

L =latitude angle, degree 

N =number of aerosol particles. 
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PV =photovoltaic. 

PL =solar radiation, W/m
2
 

Pm, Pmp, Pmax =maximum power, W 

RL =load resistance, Ω 

Vmp =solar module maximum voltage, V 

Voc=solar module open-circuit voltage, V 

η =solar module efficiency, % 
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Table 1. Technical specification of used solar module at standard test conditions (STC) 

 

 

Table 2. Specification of solar module analyser (prova 200). 

Battery type Rechargeable, 2500mAh(1.2V)*8 

AC Adaptor  AC 110V or 220V input  

DC 12V / 1~3A output  

Dimension  257(L) * 155(W) *57(H) mm  

Weight  1160g  

Operation environment  0
o
C ~ 50

o
C,85% RH  (relative humidity)  

Temperature coefficient  0.1% of full scale/ 
o
C  

(<18
o
C or >28

o
C)  

Storage environment  -20
o
C ~ 60

o
C ,75% RH 

accessories  User manual * 1, AC adaptor*1  

Optical USB cable*1  

Software CD *1, software manual *1  

Kelvin clips( 6A max) *1 set  

DC voltage measurements 

Range Resolution Accuracy 

0-6 0.001V ±1% ±(1% of Vopen±9 mV) 

6-10 V 0.001V ±1% ±(1% of Vopen±0.09 V) 

10-60 V 0.01 V ±1% ±(1% of Vopen±0.09 V) 

DC current measurements 

Range Resolution Accuracy 

0.01-6 A 0.1mA ±1% ±(1% of Ishort±0.9 mA) 

0.6-61A 0.1mA ±1% ±(1% of Ishort±0.9 mA) 

1-6 A 1mA ±1% ±(1% of Ishort±0.9 mA) 

 

50 W Rated power 

17.2V Voltage at maximum power (Vmax) 

2.9A Current at maximum Power (Imax) 

21.8V Open circuit voltage  (Voc) 

3.25A Short circuit current (Isc) 

36 Total number of cells in series 

6 kg Module weight 
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Figure 1.  Current-voltage curve is produced by varying RL (load resistance) from zero to 

infinity, Gracia et al., 2006. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Square area gives maximum power output of the solar module, Gracia et al., 2006. 
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   Tilt angle:        60
o
                               45

o
                                 33

o
                               60

o
            

Figure 3. Photograph of the setup of the fixed solar modules system with different tilt angles 

15
o
 ,33

o
, 45

o
 and 60

o
. 

 

  

 
Figure 4. Prova 200 solar panel analyzer. 
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Figure 5. Solar power meter. 

 

 

 

Figure 6.  Efficiency versus deposition period for fixed panels at tilt angles (15

, 33


, 45



and 60

) in June. 
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Figure.7 The efficiency losses versus deposition period for fixed panels at tilt angles (15

, 33


, 45


and 60


 ) in June. 

 

 

 Figure.8 The efficiency versus deposition period for fixed panels at tilt angles (15

, 33


, 

45

and 60


) in July. 
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Figure.9 The losses of efficiency versus deposition period for fixed panels at tilt angles 

(15

, 33


, 45


and 60


) in July. 

 

 

 

 

Figure.10 The efficiency versus deposition period for fixed panels at tilt angles (15

, 33


, 

45

and 60


) in August. 
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 Figure 11. The losses of efficiency versus deposition period for fixed panels at tilt angles 

(15

, 33


, 45


and 60


) in August. 

 

 

 
Figure 12. The efficiency versus deposition period for fixed panels at tilt angles (15

o
, 30

o
, 

45
o
and 60

o
) in September. 
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Figure 13. The losses of efficiency versus deposition period for fixed panels at tilt angles 

(15
o
, 33

o
, 45

o
and 60

o
) in September. 

 

 

 

 
Figure 14. The efficiency versus deposition period for fixed panels at tilt angles (15

o
, 33

o
, 

45
o
and 60

o
) in October. 
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Figure 15. The efficiency losses versus deposition period for fixed panels at tilt angles 

(15
o
, 33

o
, 45

o
and 60

o
) in October. 

 

 

 

 
Figure 16. The monthly average efficiency due to dust in Baghdad for fixed panels at tilt 

angles (15
o
, 30

o
, 45

o
and 60

o
). 
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Figure 17. The monthly average loss in the efficiency due to dust in Baghdad for fixed 

modules at tilt angles (15
o
, 30

o
, 45

o
and 60

o
). 
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Figure 18. The relation between particle diameter and normalized particle amount 

 

 

 

 
 



Journal of Engineering Volume   22  February  2016 Number 2 
 

 

74 

 

 

The Effect of Cement and Admixture Types on the Resistance of High  

Performance Concrete to Internal Sulphate Attack 
                                                                                                     

                 

 

 

 

                                                                             

 

 

ABSTRACT 

This work is concerned with the study of the effect of cement types, particularly OPC and 

SRPC, which are the main cement types manufactured in Iraq. In addition, study the effect of 

mineral admixtures, which are HRM and SF on the resistance of high performance concrete 

(HPC) to internal sulphate attack. The HRM is used at (10%) and SF is used at (8 and 10)% as a 

partial replacement by weight of cement for both types. The percentages of sulphate investigated 

are (1,2 and 3)% by adding natural gypsum as a partial replacement by weight of fine aggregate. 

The tests carried out in this work are: compressive strength, flexural strength, ultrasonic pulse 

velocity, and density at the age of 7, 28, 90 and 120 days. 

The results indicated that the SRPC mixes showed lower reduction in the properties of 

concrete compared to OPC mixes at all ages of test. The greatest reduction in compressive 

strength was at the age of (90) days for OPC mixes and the age of (28) days for SRPC mixes. 

After that, the concrete showed the lower reduction for all percentages of sulphate in fine 

aggregate. The results also indicated that the performance of HRM showed better results than the 

SF, and the replacement of 10% SF exhibits better results than 8% SF for both types of cement. 

 

Key words: high performance concrete , internal sulphate attack , ordinary portland cement,  

                   sulphate resisting portland cement , high reactivity metakaolin , silica fume.  
 

 

 

 جأثُر أنىاع السمنث والمضافات علً مقاومة الخرسانة عالُة الأداء لهجىم الكبرَحات الذاخلُة

 

 

 

 
 

 الخلاصة
 

ٌحُاول انبحث دساسة جأثٍش أَىاع  انسًُث وخاصة انسًُث انبىسجلاَذي الاعحٍادي وانسًُث انبىسجلاَذي انًقاوو وهً يٍ 

ثٍش انًضافات انًعذٍَةة وهًةا انًٍحاؤةايونٍٍ عةانً انيعانٍةة ود ٍة  أجدساسة انى  ضافةبالأ ،الاَىاع انشئٍسٍة انًصُعة فً انعشاق

 (10) %. جةى اسةحعًال انًٍحاؤةايونٍٍ عةانً انيعانٍةة بُسةبة نهجىو انكبشٌحات انذاخهٍة انسهٍكا عهى يقاوية انخشساَة عانٍة الاداء

 بُسةةبةُةةىعٍٍ. ونهحصةةىل عهةةى انًسةةحىٌات انًهحٍةةة ؤأسةةحبذال ئضئةةً يةةٍ وصٌ انسةةًُث نكةلا ان (10,8)%ود ٍة  انسةةهٍكا بُسةةبة 

 جى أضافة ئبس طبٍعً ؤأسحبذال ئضئً يٍ وصٌ انشؤاو انُاعى.،  1 ,3,2)%)

سةشعة انًىئةات فةىق  ،يقاويةة الأَنُةاء ، جى إئشاء أسبعة أَىاع يٍ انيحةى  هةً: يقاويةة الأَضة اطفً إطاس هزا انبحث  

أشاست انُحائج بأٌ خهطات انسًُث انبىسجلاَذي انًقاوو أظهشت َقصاٌ وٌىو.  (7 ,28 ,90 ,120)وانكنافة فً أعًاس ،انصىجٍة

أ م فً خصائص انخشساَة يقاسَة بخهطةات انسةًُث انبىسجلاَةذي الأعحٍةادي ونكافةة أعًةاس انيحةص.  ٍةث ؤةاٌ أع ةى َقصةاٌ 

نخهطةات انسةًُث انبىسجلاَةذي  ٌةىو (28)ٌةىو نخهطةات انسةًُث انبىسجلاَةذي الأعحٍةادي وعًةش  (90)بًقاوية الأَضة اط بعًةش 

ؤًةا بٍُةث انُحةائج بةأٌ انخهطةات  انًقاوو. ونكٍ بعذ رنك أظهشت انخشسةاَة َقصةاٌ أ ةم نكةم َسةب انكبشٌحةات فةً انشؤةاو انُةاعى.

يٍ  (10)%وإٌ أسحبذال  ،انحاوٌة عهى انًٍحاؤايونٍٍ عانً انيعانٍة أظهشت َحائج أفضم يٍ انخهطات انحاوٌة عهى د ٍ  انسهٍكا

 .يٍ د ٍ  انسهٍكا ونكلا انُىعٍٍ يٍ انسًُث (8)%ٍ  انسهٍكا ؤاَث أفضم يٍ د 
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 خشسةةاَة عانٍةةة الأداء، هجةةىو انكبشٌحةةات انذاخهٍةةة، انسةةًُث انبىسجلاَةةذي الأعحٍةةادي، انسةةًُث  الكلمااات الرسُسااُة :

 انبىسجلاَذي انًقاوو، انًٍحاؤايونٍٍ عانً انيعانٍة ، د ٍ  انسهٍكا.

 

1. INTRODUCTION 

 

High performance concrete (HPC) is concrete with properties or attributes which satisfy the 

performance criteria. The improved pore structure of high performance concrete is mainly 

achieved by the use of chemical and mineral admixtures. HRWRA allow substantial reduction in 

the mixing water. Mineral admixtures provide additional reduction to porosity and improve the 

interface with the aggregate and hence enhanced durability performance.                        

Most applications of high performance concrete to date have been in high rise building, long 

span bridges and some special structures. Generally, concretes with higher strength and attributes 

superior to conventional concretes are desirable in the construction industry and result 

economical advantages. Therefore high performance concrete can be considered a logical 

development of concretes in which the constituents are proportioned and selected to contribute 

efficiently to the various properties of concrete in fresh as well as in hardened states. Prassad & 

Jha, 2005. 

Concrete durability is important, it may deteriorates due to several causes among them are: 

sulphate attack, corrosion of the reinforcement, alkali- aggregate reactivity, freezing and 

thawing. Sulphate attack which is the  subject of this research and it seems to be the most 

common cause of concrete deterioration in Iraq. Sulphate attack can be external or internal. This 

work focuses on the durability of HPC to internal attack related to sulphate within the fine 

aggregate for both types of cement (OPC and SRPC). This type of attack occurs in different 

types of concrete structures which justifies the purpose of the use of OPC in the resistance of 

internal sulphate attack. 

 
2.  Internal Sulphate Attack 

Sulphates are found in concrete mix from internal sources such as aggregates, cement, and 

water. These sulphate react with cement paste to form calcium sulphoaluminate. Calcium 

sulphate (gypsum) is considered more important for this type of attack, because of the addition 

of gypsum to the cement at the grinding stage to control the hydration speed and the setting of 

cement paste. Calcium sulphate is about 95% of the total sulphate in the Iraqi sand. Al-Khalaf, 

1983. 

Al-Rawi, 1981 stated that the presence of sulphates in sand or in any concrete constituent 

will cause reaction with some cement compounds, mainly C3A. Such a reaction was associated 

with considerable increase in solid volume. This may be harmful to concrete structure because of 

the large stresses induced. This harmful effect was demonstrated by a larger reduction in 

compressive strength which was apparent at early ages (as early as 3 days). This reduction will 

increase with time if the sulphate content was high, but it will be minimized by autogenous 

healing if the sulphate content was low, as in this case it depleted within a short period after 

casting concrete. 

Al-Rawi, 1985 pointed out that, a major cause of failure of concrete structures in the Middle 

East was the contamination of sand with sulphates in the form gypsum. The research pointed that 

the gypsum is normally added to cement to retard early hydration and prevent quick set. The 

total sulphate in concrete may, therefore, be high enough to cause internal sulphate attack. This 

may led to deterioration and possibly cracking and failure of concrete structures. To avoid the 

adverse effects of sulphates, several specifications put an upper limit on sulphate content in 

aggregates or on total sulphates in concrete. In some countries, however, it is difficult to find 

aggregates with the required low sulphates content. In other countries, the supply of sulphate free 

aggregate may not be indefinite. 
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This investigation shows that it is possible to reduce the gypsum added to cement and 

consequently raise the upper limit of sulphate content in aggregate. This will allow the use of 

huge reserves of sand, hitherto not allowed, with no durability risk or undue loss in concrete 

strength. The reduction in gypsum, however, will reduce the grinding efficiency. But this may be 

overcome by the addition of a small percentage of pozzolan or lime. Reduction of gypsum will 

also cause a slight decrease in setting time of cement, but pozzolan addition will restore the 

original setting time. 

Al-Robayi, 2005 investigated the resistance of normal and high performance concrete 

exposed to external and internal sulphate attack. The research used high reactivity metakaolin as 

a partial replacement by weight of cement. The research reached the following conclusions: 

 HPC showed better resistance to both external and internal sulphate attack than normal 

concrete. 

 In internal sulphate attack, there was a reduction in strength at early ages (less than 28 

days) for normal and HPC. The reduction was positively correlated to the SO3 presented 

in fine aggregate. At later ages (more than 28 days) in HPC, the reduction in strength 

decreased while in normal concrete increased continuously. The pozzolanic action of 

HRM could be the cause of strength improvement. 

Al-Janabi
 
,2007 investigated the behavior of high performance concrete exposed to internal 

sulphate attack. Two types of pozzolans were used HRM and FA with OPC and one type of 

pozzolan was used HRM with SRPC, as a partial replacement by weight of cement. Results 

indicated that the SRPC gave the same reduction in strength of OPC, and the reduction in 

strength was increased with the increase of (SO3)% in fine aggregate, but they regained strength 

after the consumption of C3A. The study also showed that HRM gave higher strength than FA in 

all ages of the tests because of the higher reactivity of metakaolin compared to fly ash. 

 

3. EXPERIMENTAL WORK 

3.1 Materials 

3.1.1 Cement 

      Two types of Portland cement are used in this work. The first is ordinary Portland cement 

(OPC) and the second is sulphate resisting Portland cement (SRPC). Both are produced in Iraq 

commercially known as (TASLUJA) for OPC and (Al-JESER) for SRPC. The chemical 

analysis of the two types of cement are given in Tables 1 and 2 respectively. The results 

conform to the Iraqi specification IQS No.5/1984.  
   
3.1.2 Fine aggregate 

Natural sand from Al-Ekhadir region is used for concrete mixes of this work. The grading 

and physical properties within the limit specified by Iraqi standard IQS No.45/1984, as shown in 

Table 3. 
 

3.1.3 Coarse aggregate 

Crushed gravel has been used as a coarse aggregate with a maximum size of (10 mm). It is 

obtained from Al-Nibaee region. The grading and physical properties within the limit specified 

by Iraqi standard IQS No.45/1984, as shown in Table 4. 
 

3.1.4 Mixing water 

Tap water is used in preparing all mixes. 
 

3.1.5 High range water reducing admixture (HRWRA) 
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A high range water reducing admixture (superplasticizer) commercially known as 

EUCOBET SUPER VZ manufactured by Swiss Chemistry Company. This type of admixture 

conforms to the ASTM C494 type G. 

 

 

3.1.6 Mineral admixtures 
 

 High reactivity metakaolin (HRM) 

Kaolin is a local Iraqi material. It has been grinded by air blast to obtain high fineness of 

kaolin, then burned in a controlled temperature furnace for one hour at 700C˚. The chemical 

composition and physical properties of HRM are shown in Table 5. HRM used in this work 

conforms to the requirements of ASTM C618-03. 
 

 Silica fume (SF) 

The chemical composition and physical properties of SF are shown in Table 6. SF used in 

this work conforms to the requirements of ASTM C1240-03. 
 

 Strength activity index 

The strength activity index for HRM is performed according to ASTM C311-02
 
and for SF 

according to ASTM C1240-03.  Table 7 shows the strength activity index for mortars. 
 

3.1.7  Natural gypsum 
The natural gypsum (CaSO4.2H2O) has been grinded by the hammer and passed through the 

same sieves of sand, and then added. The natural gypsum contains (43.73%) of SO3, which 

quantity added to the sand is measured according to this equation:
 

 
 

W=(R-M%)×S/N                                                                                                            (1) 

Where: 

W: the required weight of natural gypsum (kg); 

R: the percentage of SO3 desired in sand; 

S: the weight of sand in mix (kg); 

M: the actual SO3 in sand (0.32%); 

N: the percentage of SO3 in the used natural gypsum (43.73%). 

The sand has been reduced relative to gypsum added in the mix. 

 

3.2 Mix Design 

Design of HPC mixes to achieve characteristic compressive strength of 50 MPa at 28 days, 

are made according to the American Method ACI 211.4R-93 as shown in Table 8.
 
The cement 

content is (513 kg/m³) and the W/C is 0.32. The slump required for all mixes is (100 mm). 

According to the mix design procedure, the mix proportion is (1: 1.21: 2.03). Then These mixes 

have been studied by adding different percentages of sulphate in fine aggregate of (1, 2 and 3)%, 

at the age of  7, 28, 90, and 120 days. 

 

3.3 Preparation of Concrete Mixes 

The mixing process is performed by hand mixing according to ASTM C192-02.
 
Firstly, the 

sand is well mixed with the gypsum to attain a uniform mix. After that the cement is mixed with 

required quantity of HRM or SF powder then added to the mix. Finally, the gravel is added to the 

mix and the whole dry materials are well mixed for about 2 minutes. The required amount of tap 

water and HRWRA will be added gradually and the whole constituents are mixed for further 2 

minutes to get a homogenous mix. 



Journal of Engineering Volume   22  February  2016 Number 2 
 

 

78 

 

After mixing, the concrete mix is placed in the steel moulds after lubricating them with oil to 

avoid adhesion with concrete after hardening. The specimens are compacted using a vibrating 

table for sufficient period, in addition to the use of a metal rod to remove any entrapped air as 

much as possible. Then the concrete surface is leveled and smoothed by means of trowel, and the 

specimens are covered with nylon sheet for 24 hrs. After that the moulds are opened and cured 

until testing date. 

3.4 Measurement of Workability of Concrete 

A slump test is a suitable test to determine the workability for all types of concrete mixes; the 

test is performed according to ASTM C143-00.
 
 

Many attempts of slump test have been carried out to choose the appropriate dose of 

HRWRA to give equal workability of (100 mm) slump for all mixes, which is (1%) by weight of 

cement for mix containing (10%) HRM and (1.4 and 1.6)% by weight of cement for mixes 

containing (8 and 10)% SF respectively, as shown in Table 8. 

 

3.5 Testing of Hardened Concrete 

 

3.5.1 Compressive strength: The compressive strength test is performed according to the 

British Standard B.S. 1881-part 116-1989 , on 100 mm cubes as shown in Figs.1and 2. (No. 

of specimens are 324)  
 

3.5.2 Flexural strength: (100*100*400) mm concrete beams are used for testing as shown in 

Fig.3. The test is carried out according to ASTM C293-02. (No. of specimens are 192) 
 

3.5.3 Ultrasonic pulse velocity (U.P.V.): Concrete cubes (100*100*100) mm are used in this 

test according to ASTMC597-02, using a device commercially known of (PUNDIT) as shown in 

Fig.4. (No. of specimens are 288)  

.  

3.5.4 Density: (100*100*100) mm concrete cubes are used for density test. The density of 

concrete cubes is determined in dry air by measuring the dimensions and weight of specimens 

using the measurement feet (vernier) and the electrical scale. The test is performed according to 

ASTM C642-97. (No. of specimens are 288) 

 

4. RESULTS 
 

4.1 Compressive strength 

The results indicate that the compressive strength decreases with the increase of sulphate 

content compared to the reference HPC (0.32%) SO3 for OPC and SRPC mixes at all ages of 

test, as shown in Figs. 5 to 11. 
The results of OPC mixes can be explained as follows: 

For mix (MI10), which contains (10%) HRM with OPC, the greatest reduction is (8.20, 

13.81, 17.54)% at (90) days and the reduction decreases after that age of (1, 2 and 3)% SO3 in 

fine aggregate respectively. While for the mixes (SI8) and (SI10), containing (8%) SF and (10%) 

SF with OPC respectively, the greatest reduction is (13.66, 20.25, 23.87)% and (10.85, 16.67, 

19.51)% at (90) days for (SI8) and (SI10), but the reduction decreases after that age of (1, 2 and 

3)% SO3 in fine aggregate respectively.  
Concerning the results of SRPC mixes, they are shown as follows: 

For mix (MV10), which contains (10%) HRM with SRPC, the greatest reduction is (7.51, 

12.44, 15.03)% at (28) days, but the reduction decreases after that age at 90 and 120 days of (1, 2 

and 3)% SO3 in fine aggregate respectively. 

Whereas for the mixes (SV8) and (SV10), containing (8%) SF and (10%) SF with SRPC 

respectively, the greatest reduction is (11.30, 16.34, 19.25)% and (9.33, 14.20, 18.01)% at (28) 
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days for (SV8) and (SV10) respectively. The reduction decreases after that age at 90 and 120 

days of (1, 2 and 3)% SO3 in fine aggregate respectively. 

 

 

 

 

4.2 Flexural strength 

The results indicate that the flexural strength decreases with the increase of sulphate content 

compared to the reference HPC (0.32%) SO3 for OPC and SRPC mixes at all ages of test as 

shown in Figs. 12 to 18. 
The results of OPC mixes can be explained as follows: 

For mix (MI10), the greatest reduction is (3.21, 6.54, 8.57)% at (28) days. After that age of 

the test, in (90, 120) days there is an improvement in the regain of the flexural strength of (1, 2 

and 3)% SO3 in fine aggregate respectively. 

Whereas for the mixes (SI8) and (SI10), the greatest reduction is (7.44,9.88, 10.78)% and 

(5.72, 7.43, 9.50)% at (28) days for (SI8) and (SI10) respectively. The reduction decreases after 

that age  at 90 and 120 days of (1, 2 and 3)% SO3 in fine aggregate respectively. 
Concerning the results of SRPC mixes, they are shown as follows: 

For mix (MV10), the greatest reduction is (2.27, 4.77, 7.38)% at (28) days, but the reduction 

decreases after that age of (1, 2 and 3)% SO3 in fine aggregate respectively. 

While for the mixes (SV8) and (SV10), the greatest reduction is (5.86, 7.33, 9.16)% and 

(4.52, 6.26, 7.88)% at (28) days for (SV8) and (SV10) respectively. The reduction decreases 

after that age of (1, 2 and 3)% SO3 in fine aggregate respectively. 
 

4.3 Ultrasonic pulse velocity 

The results demonstrate a slight decrease in pulse velocity with the increase of sulphate 

content compared to the reference HPC (0.32%) SO3 for OPC and SRPC mixes at all ages of 

test. The ultrasonic pulse velocity results for mixes of OPC show the greatest reduction at (90) 

days and the reduction improve after that age at (120) days. Whereas the ultrasonic pulse 

velocity results for mixes of SRPC show a greatest reduction at (28) days and the reduction 

improve in (90 and 120) days. Fig. 19 shows the effect of sulphate content in fine aggregate on 

UPV at 120 days for OPC and SRPC mixes. 
 

4.4 Density 

The results show that the mixes of OPC and SRPC exhibit an increase in density with the 

increase of sulphate content in fine aggregate at all ages of the test. Generally, the results show a 

slight increase in density relative to reference HPC (0.32%) SO3. 

Fig. 20 shows the effect of sulphate content in fine aggregate on density at 120 days for OPC 

and SRPC mixes. 

 

5. DISCUSION 

 

There are many variables that affect the strength development of different mixes. These 

variables are: type of portland cement (OPC and SRPC), the effect of pozzolanic materials 

(HRM and SF), and SO3 in fine aggregate. 
 

5.1 Effect of Cement Composition 

The cement composition difference and relative amounts of hydration products between the 

OPC and SRPC are likely to be responsible for the differences in strength results. 
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The durability in a sulphate attack depends mainly on C3A content of cement. Thus, it can be 

considered the chief contributor to volume change in sulphate attack.
 
Shanahan, and Zayed, 

2007. 

As shown in Tables 1 and 2, the C3A of OPC and SRPC are (10.04, 2.00)% respectively. 

The greater C3A content will influence the relative amounts of ettringite and monosulphate 

(calcium aluminate hydrates) initially formed on hydration, and hence the propensity for 

expansion by ettringite formation upon sulphate. In addition, any unhydrated C3A remaining 

may also result in ettringite formation and expansion. Because the high C3A content, OPC 

contains more ettringite and monosulphate than the SRPC. Naik et al., 2006 

The low C3A leads to an increase in other compounds of cement (C3S, C2S). These two 

compounds are responsible for strength on the one hand and the high fineness of SRPC which 

increases the surface area of the (C3S, C2S) on the other hand.
 
Neville, 2002, Shanahan, and 

Zayed , 2007  
The result of the reaction of C3A with gypsum depends on the C3A content of cement by 

forming: Al-Khalaf, 1983  

a. Calcium sulphoaluminate (ettringite), containing a high sulphate (C3A.3CaSO4.32H2O), when 

the content of C3A is high. 

b. Calcium sulphoaluminate, containing a low sulphate (C3A.CaSO4.12H2O), when the content 

of C3A is low. 

In spite of that the durability in sulphate attack is not dependent on the C3A content of 

cement only. Shanahan, and Zayed, 2007 have mentioned that the other chemical components 

in the cement that control permeability such as C3S/C2S ratio, help to control the rate and 

severity of sulphate attack. Increasing C3S content or C3S/C2S ratio in cement generates more 

Ca(OH)2 on hydration. This has possibly two effects. First, higher lime content in cement limits 

the solubility of aluminates and retards hydrated calcium aluminates. Second, lime availability 

increases formation of ettringite. While, cement containing lower amounts of C3S show 

improvement of sulphate resistance. 

Odler, and Jawed, 1991, have explained that C4AF also produces ettringite, but at a reaction 

rate much slower than C3A, and the resulting ettringite crystals contain iron along with 

aluminum in the lattice. 

As noted in Tables 1 and 2, C4AF of OPC and SRPC are (9.97, 14.47)% respectively. The 

effect of the greater relative amount of C4AF in SRPC as compared to the OPC needs to be 

considered. Due to the greater quantity of C4AF, ettringite formed in SRPC during sulphate 

attack is likely to be Fe-substituted. The iron-substituted ettringite is not expansive or less 

expansive. However, in order to achieve this, the Al2O3/Fe2O3 ratio in C4AF is decreased by the 

addition of iron, which in turn raises the C4AF content.
 
Naik et al., 2006, Tikalsky et al., 2002. 

Neville, 2002 has stated that the C4AF reacts with gypsum to form calcium sulphoferrite as 

well as calcium sulphoaluminate, and its presence may accelerate the hydration of the silicate. In 

addition, this compound may form a protective film over C3A; thus, the reaction of C3A with 

sulphate ions will be reduced therefore, this compound is more resistance to sulphate attack than 

C3A. 

Tikalsky et al., 2002 have reported that the C3A content is not the primary factor controlling 

sulphate attack, but C4AF is the most beneficial in controlling sulphate attack. 
 

5.2 Effect Type of Pozzolan 

The HRM provides higher strength results compared to SF for both types of cement. This 

may be either due to the HRM consumes a significant proportion of the lime produced by the 

cement hydration to form more (C-S-H) gel than SF, or due to the lower surface area of HRM 

than SF. The possibly, high surface area of SF leads to more increase in the surface reaction 

between C3A and sulphate ions. 
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In addition, the mix containing (10%) SF has higher strength results than (8%) SF for both 

types of cement. Generally, this can be explained by the following mechanisms. First, the 

replacement of a more portion of Portland cement with SF reduces the total amount tricalcium 

aluminate hydrate. Thus, the quantity of expansive ettringite will be less in the cement paste of 

concrete. The second mechanism is through the pozzolanic reaction between the SF and Ca(OH)2 

released during the hydration of cement, which consumes part of the Ca(OH)2. Furthermore, the 

formation of secondary (C-S-H) by the pozzolanic reaction produces a film or a coating on the 

alumina-rich and other reactive phases thereby hindering the formation of ettringite., Zelic et al., 

2007. 
The different components of the two pozzolanic materials can be the direct reason for the 

difference in strength activity. The major components responsible for the pozzolanic reaction of 

HRM are silica (SiO2) and alumina (Al2O3). Headwater resources, 2005, as the pozzolanic 

reaction of SF depends mainly on amorphous SiO2. ACI 234R-96 

From the chemical analysis of pozzolanic materials, the sum percentage of Al2O3 and SiO2 

for HRM is 93.12%, more than the percentage of SiO2 in SF which is 88.30%. The pozzolanic 

reaction take place between the components mentioned above in pozzolanic material (HRM and 

SF) and calcium hydroxide formed during the hydration process. This leads to the more 

cementitious compound produced from the reaction of HRM than SF and leads to densification 

of the concrete matrix resulting increase in strength for the same type of cement. 

The C3A content of cement should be regarded when discussing the effect of pozzolanic 

materials on the type of cement as Lea, 1970 has reported that the pozzolanic cements prove 

resistant in the test if made of Portland cement of low C3A content but not exceptionally high 

content of reactive silica. 

Neville, 2002 has indicated that the replacement of low C3A content cement (i.e. sulphate 

resisting cement) with pozzolan, provide a better performance in sulphate resistance.    

Kalousek et al., 1972 have reported that partial pozzolana replacement of sulphate resisting 

cement is very effective in making the concrete resistant to sulphate attack but that is related to 

SiO2: R2O3 ratio in the pozzolana.  

According to Lea, 1970 the pozzolan containing high SiO2 nearly (90%) and low R2O3 

(Al2O3 + Fe2O3) can increase the sulphate resistance of SRPC.  

As reported by Cao, et al., 1997 that the sulphate resistance of pozzolanic materials is 

dependent on its composition. 

In spite of that the SF has a high SiO2 and low Al2O3, but it does not prove an effective 

subsistent for enhancing the sulphate resistance than HRM for the same type of cement. 

Concerning the results of density and ultrasonic pulse velocity, SF has higher results than 

HRM for both types of cement due to the higher fineness of SF than HRM that leads to filling 

the pores and to cut the continuity of capillary pores. 

The density results increase with the increase of (SO3%) in fine aggregate. This can be 

attributed to the presence of ettringite which leads to a denser structure as a result of 

precipitation of ettringite within voids and microspores.
 
Zelic et al., 2007. 

  

5.3 Effect of sulphate content in fine aggregate 

Gypsum (CaSO4.2H2O) is the main source of sulphate in cement, sand, and coarse aggregate. 

It has significant effect on the concrete strength. 

The increase of (SO3%) in fine aggregate causes an increase in the reduction of strength 

results and the reduction decreases at later ages. Generally, this can be attributed to the 

pozzolanic reaction which increases the amount of hydration products and reduces the tricalcium 

aluminates in cement. As reported by Al-Rawi, 1981 that the autogenuous healing may take 

place in internal sulphates at later ages when pozzolan replaces Portland cement and result in an 

improving in compressive strength. In addition to the pozzolanic reactions, they also have 
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possibly another reason either due to the consumption of calcium sulphate while the C3A is still 

hydration. Thus, the ettringite decomposes into the more stable compound, monosulphate, or due 

to the consumption of C3A while calcium sulphate is still in free state (with no reaction that 

causes expansion and deterioration in HPC.
 
Al-Khalaf, 1983, Minard et al., 2007 

But the reaction will be slow over time due to the consumption of salts. Thus, the effect of 

salts on the strength of concrete is more clearly in the early ages than the later ages for this type 

of attack. Al-Nakshabandy, 2005. 

The purpose of adding (SO3%) to fine aggregate is because of its high surface area compared 

to coarse aggregate. This leads to more increase in the surface reaction between C3A and 

sulphate ions. As Al-Salihi, 1994 has stated that SO3 from sand has more effect than SO3 from 

coarse aggregate. The difference between the effects is quite large as in the case of cement and 

sand. 

While the work done by Ali, 1981 has shown that SO3 from cement has more destructive 

effect on concrete strength compared to the effect of the same amount of SO3 from sand. This is 

attributed to the finer cement grains compared to sand grains. Finer grains mean higher surface 

area and higher rate of solubility and reaction of SO3 in the form of gypsum in cement or sand. 

The adopted percentages of (SO3%) in the present work are (1, 2 and 3)%, all of the 

percentages have been compared to the reference of (0.32%) SO3, which is less than the 

allowable (SO3%) in Iraqi specification (IQS).
 
 

In addition, the internal resistance of concrete depends on the total SO3 content and must not 

exceed certain upper limit. (SO3Tot.) of HPC is calculated according to (IQS No.45/1984).
 
IQS 

indicate that the maximum content of SO3 in concrete mixes is (4%) by weight of cement, when 

cement content ( ≥ 300 kg/m³) and SO3 in fine aggregate is (0.5%). 

 

SO3Tot. = A + (Y/X)×B + (Z/X)×C + (L/X)×D                                                           (2)      

 

Where: 

A: SO3 content in cement. 

B: SO3 content in fine aggregate. 

C: SO3 content in coarse aggregate. 

D: SO3 content in pozzolan. 

X: weight of cement. 

Y: weight of fine aggregate. 

Z: weight of coarse aggregate. 

L: weight of pozzolan. 

 
6. CONCLUSIONS 
 

1. High reactivity metakaolin shows higher strength than the silica fume in all ages of the test 
for both types of cement (OPC and SRPC). 
 

2. The employment 10% of SF as a partial replacement by weight of cement exhibits higher 
strengths at all ages of test than 8% of SF. However, the 10% of HRM indicates superior 
performance in the resistance of HPC to internal sulphate attack than (8 and 10)% SF for 
both types of cement. 
 

3. In ultrasonic pulse velocity and density tests, the maximum results in ultrasonic pulse 
velocity and density are noted with 10% SF followed by 8% SF and 10% HRM for both 
types of cement. However, there is not much of a difference between the performance of 8% 
SF and 10% HRM. 
 

4. Sulphate resisting portland cement shows the lower reduction in strength than ordinary 
portland cement for mixes containing of 10% HRM and SF at (8 and 10)%.  
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5. The reduction in strength tests increases with the increase of (SO3%) in fine aggregate at all 
ages of test, but the reduction decreases at later ages because the pozzolanic reactions can be 
the cause of strength improvement for OPC and SRPC mixes. There is an improvement in 
the regain of strength after age of (28 and 90) days for SRPC and OPC mixes respectively. 
 

6. The resistance of HPC to internal sulphate attack depends mainly on the chemical 
composition of cement. 
 

7. The alumina in pozzolanic material has not its effect on the resistance of HPC to (SO3%) in 
fine aggregate. Thus, it cannot be considered as additional source to react with SO3. Whereas 
HRM has higher alumina if compared with SF (Al2O3 for HRM =34.65%, and for SF= 
0.35%), but it gives higher resistance of HPC to internal sulphate attack than SF for both 
types of cement. 
 

8. Under the sulphate within the fine aggregate up to about 3%, HPC mixes of OPC and SRPC 

does not suffer significantly deterioration in all its properties. (SO3Tot.) generally is not 

much higher than the allowable limit of (SO3) in concrete. The (SO3Tot.) for high sulphate 

content of (3%) SO3 in fine aggregate is (5.64, 5.69, 5.71)% for mixes containing 10% HRM, 

8% SF and 10% SF with OPC, and (5.46, 5.51, 5.53)% for mixes containing 10% HRM, 8% 

SF and 10% SF with SRPC respectively.  
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Description Notation 

High Performance Concrete HPC 

High Reactivity Metakaolin HRM 

Silica Fume SF 

High Range Water Reducing Admixtures HRWRA 

Ordinary Portland Cement OPC 

Sulphate Resisting Portland Cement SRPC 

Ultrasonic Pulse Velocity U.P.V. 

Total Sulphate Content in Concrete SO3Tot. 

Mix of OPC and 10%  Metakaolin MI10 

Mix of OPC and 8%  Silica fume SI8 

Mix of OPC and 10%  Silica fume SI10 

Mix of SRPC and 10%   Metakaolin MV10 

Mix of SRPC and 8%    Silica fume SV8 

Mix of SRPC and 10%    Silica fume SV10 

Limits of  

Iraqi 

spec. 

No.5/1984 

by weight% Abbreviation Oxide 

composition 

- 61.30 CaO Lime 

- 20.54 SiO2 Silica 

- 5.88 Al2O3 Alumina 

- 3.28 Fe2O3 Iron oxide 

≤ 2.8% 1.87 SO3 Sulphate 

≤ 5% 1.93 MgO Magnesia 

≤ 4% 2.45 L.O.I. Loss on Ignition 

Table 1. Chemical composition and main compounds of ordinary portland cement. 
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0.66-1.02 0.90 L.S.F. Lime saturation 

Factor 

≤ 1.5% 0.15 I.R. Insoluble residue 

by weight of cement% Main compounds (Bogues eq.) 

43.85 Tricalcium silicate (C3S) 

25.88 Dicalcium silicate (C2S) 

10.04 Tricalcium aluminate (C3A) 

9.97 Tetracalcium aluminoferrite (C4AF) 

Limits of Iraqi 

spec. No.5/1984 

 

by weight% 

 

Abbreviation 

 

Oxide 

composition 

- 60.63 CaO Lime 

- 21.63 SiO2 Silica 

- 3.79 Al2O3 Alumina 

- 4.76 Fe2O3 Iron oxide 

≤ 2.5% 1.69 SO3 Sulphate 

≤ 5% 2.72 MgO Magnesia 

≤ 4% 1.94 L.O.I. Loss on Ignition 

0.66-1.02 0.87 L.S.F. Lime saturation 

Factor 

≤ 1.5% 0.77 I.R. Insoluble 

residue 

% by weight of cement Main compounds (Bogues eq.) 

45.28 Tricalcium silicate (C3S) 

27.93 Dicalcium silicate (C2S) 

2.00 Tricalcium aluminate (C3A) 

14.47 Tetracalcium aluminoferrite 

(C4AF) 

Table 2. Chemical composition and main compounds of sulphate resisting portland cement. 
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Limits of Iraqi spec.     

 No.45/1984/Zone 2 

Passing

% 

Sieve size 

(mm) 

100 100 10 

90-100 100 4.75 

75-100 85 2.36 

55-90 65 1.18 

35-59 50 0.6 

8-30 15 0.3 

0-10 4 0.15 

Limits of Iraqi spec. 

No.45/1984 

Physical properties 

- Fineness modulus: 2.81 

- Specific gravity: 2.5 

- Absorption: 1.6% 

≤ 0.5% SO3: 0.32 % 

- Dry rodded density: 

1780 kg/m³ 

Limits of Iraqi 

spec. No.45/1984 

Passing% Sieve size 

(mm) 

100 100 37.5 

95-100 100 20 

30-60 48 10 

0-10 3 4.75 

Limits of Iraqi 

spec. No.45/1984 

Physical properties 

- Specific gravity: 2.65 

- Absorption: 0.5% 

≤ 0.1% SO3: 0.06% 

- Dry rodded density: 1600 

kg/m³ 

Pozzolan class N  

ASTM C618-03 

Oxide 

content % 

Oxide 

Composition 

 = 94.52%Σ 

   

Min. 70% 

58.47 SiO2 

34.65 Al2O3 

1.40 Fe2O3 

 0.21 MgO 

 0.38 CaO 

Max. 4% 0.21 SO3 

 0.66 Na2O 

 Max. 10% 2.47 L.O.I 

Physical properties 

2.32 Specific gravity 

865 m²/kg Fineness (Blaine) 

powder Physical form 

off-white Color 

ASTM C1240-

03 

Oxide 

content % 

Oxide 

Composition 

Min. 85% 88.30 SiO2 

 0.35 Al2O3 

 1.17 Fe2O3 

 2.40 MgO 

 1.25 CaO 

 0.91 SO3 

 1.37 Na2O 

Max. 6% 3.78 L.O.I 

Physical properties 

2.016 Specific gravity 

16000 m²/kg Fineness (Blaine) 

powder Physical form 

grey Color 

Table 6. Chemical analysis and physical properties  

of SF. 

Table 3. Grading and Physical Properties  

of Fine aggregate  

 

Table 5. Chemical analysis and physical properties  
of HRM. 

Table 4. Grading and Physical Properties  

of Coarse aggregate 
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Compressive 

strength (MPa) 

 

 

 

W/Cm 

 

 

 

HRWR

A by 

wt. of 

cement

% 

 

 

 

Water 

kg/m³ 

 

 

 

Coarse 

agg. 

kg/m³ 

 

 

SO3 

% by 

wt. of 

Fine 

agg. 
 

 

 

 

Fine 

agg. 

kg/m³ 

 

Cementitious 

material content 

 

 

 

Mix 

symbol  

28d. 

 

7d. 

 

Pozzolan 

kg/m³ 

 

Cement 

kg/m³ 

61.46 47.54 0.32 1 164 1040 0.32 622 51.30 461.70 MI10 

56 44.36 0.32 1.4 164 1040 0.32 622 41.04 471.96 SI8 

58.60 45 0.32 1.6 164 1040 0.32 622 51.30 461.70 SI10 

67.50 50.36 0.32 1 164 1040 0.32 622 51.30 461.70 MV10 

57.50 45.43 0.32 1.4 164 1040 0.32 622 41.04 471.96 SV8 

60.40 46.53 0.32 1.6 164 1040 0.32 622 51.30 461.70 SV10 

Strength activity index%  Index 

- R 

140 HRM  

108 SF  

Table 7. Strength activity index for tested mortars.  

 

 

Table 8. The details of HPC mixes used throughout this investigation prior addition of sulphate. 

 

 

Figure 1: Specimens of cubes for compressive  

strength test.  

 

 

Figure 2: Compressive strength test devise.  
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Figure 5. Effect of age on compressive strength 

with different sulphate content for mix (MI10). 
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Figure 6. Effect of age on compressive strength 

with different sulphate content for mix(SI8).  
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Figure 7. Effect of age on compressive strength 

with different sulphate content for mix 

(SI10).
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Figure 8. Effect of age on compressive strength 

with different sulphate content for mix (MV10). 

Figure 3: Specimens of prism for flexural  

strength test.  

 

 

Figure 4: Ultrasonic pulse velocity test.  
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Figure 9. Effect of age on compressive strength 

with different sulphate content for mix 

(SV8).
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Figure 10. Effect of age on compressive 

strength with different sulphate content for mix 

(SV10). 
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Figure 11. Effect of sulphate content on 

reduction in comp. strength at 120 days for OPC 

and SRPC mixes.  
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Figure 12. Effect of age on flexural strength 

with different sulphate content for mix (MI10). 
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Figure 13. Effect of age on flexural strength 

with different sulphate content for mix (SI8). 
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Figure 14. Effect of age on flexural strength 

with    different sulphate content for mix (SI10). 
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Figure15. Effect of age on flexural strength with 

different sulphate content for mix (MV10). 
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Figure 16. Effect of age on flexural strength 

with   different sulphate content for mix (SV8). 
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Figure 17. Effect of age on flexural strength 

with   different sulphate content for mix (SV10). 
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Figure 18. Effect of sulphate content on 

reduction in flexural strength at 120 days for 

OPC and SRPC mixes. 
 

4.2

4.4

4.6

4.8

5

5.2

0.32 1 2 3

SO3% in fine aggregate

U
lt

ra
s

o
n

ic
 p

u
ls

e
 v

e
lo

c
it

y
 (

k
m

/s
e

c
)

MI10

SI8

SI10
MV10

SV8

SV10

 
Figure 19. Effect of sulphate content in fine 

agg. on UPV at 120 days for OPC and SRPC 

mixes. 
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Figure 20. Effect of sulphate content in fine agg. on density at 120 days for OPC and SRPC mixes. 
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ABSTRACT 

The governmental projects are considers the prevailing in Iraq, as most of the projects 

implemented by the Government, the major role played by governmental projects in the 

provision of services to citizens and improve the economic situation in the country in general, 

in addition to the huge number of these projects implemented by the governmental 

organizations and the large failure rates of it , and because of the fact that these projects are 

stumbled  before they reach the stage of failure, The aim of this research to identify the main 

factors for the stumble projects in addition to identifying the most influential factor on the 

causes and consequences of it , like (cost overruns , time overruns , delay and scope creep ) , 

the most influential factors have been identified through the questionnaire of thirty three 

(director manager, project manager and engineer) in the governmental organizations who has 

extensive experience in project implementation . The factors (political situation, the security 

and the deteriorating economic, financial efficiency is good for the employer, the contractor 

and low-budget experience, poor design and lack of efficient manpower and resources) of the 

most important factors that lead to stumble projects. 

 

Keywords: stumble projects, cost overruns, time overruns, and scope creep. 

 

الحكوهيت  الوشاريع وفشل تعثر على تاثيرا الاكثر العواهل  

 
 عبذ السلام جويل علي السوبعي                                    حاتن خليفت العجيلي                                                                

 باحث                         اسخار يساػذ                                                                                        

 يحافظت بغذاد    جايؼت بغذاد                                                              -كهٍت انُٓذست              

 

 الخلاصت

 انزي انكبٍش نهذٔس ٔ ، حمشٌبا انحكٕيت حُفزْا انًشاسٌغ اغهب اٌ حٍث ، انؼشاق فً انسائذة ًْ انحكٕيٍت انًشاسٌغ حؼخبش

 انؼذد انى اضافت ، ػاو بشكم انبهذ فً الالخصادي انٕضغ ححسٍٍ ٔ نهًٕاطٍٍُ انخذياث حمذٌى فً انحكٕيٍت انًشاسٌغ حهؼبّ

 انًشاسٌغ ْزِ كٌٕ بسبب فٍٓا ٔ انكبٍشة انفشم َسب ٔ يخخهف انًُظًاث انحكٕيٍتٔ انخً حُفزْا  انًشاسٌغ ْزِ يٍ انٓائم

 انى اضافت انًشاسٌغ نخؼثش انشئٍسٍت انؼٕايم ححذٌذ انبحث ْزا يٍ انٓذف انفشم ,كاٌ يشحهت انى حصم اٌ لبم يخؼثشة حكٌٕ

, , يثم ) صٌادة انكهفت , صٌادة انضيٍ , انخاخٍش ٔ صحف َطاق انًششٔع ( َخائجّ ٔ اسبابّ ػهى حاثٍشا الاكثش انؼٕايم ححذٌذ

انًُظًاث  فً(  يُٓذط ٔ يششٔع يذٌش ، لسى يذٌش)  ثلاثٍٍ ٔ نثلاثت الاسخبٍاٌ طشٌك ػٍ حذدث لذد حاثٍشا الاكثش انؼٕايم

 انٕضغ)  ػٕايم كاَج الاسخبٍاٌ ْزا فً دنفً طشٌمت اسخخذيج ٔ انًشاسٌغ حُفٍز فً ٔاسؼت خبشة نذٌّ يًٍ انحكٕيٍت

 خبشحّ ٔ انًمأل يٍضاٍَت ، انؼًم نصاحب انجٍذة غٍش انًانٍت  انكفاءة ، انًخذْٕس الالخصادي ٔ الايًُ ، انسٍاسً

 . انًشاسٌغ حؼثش انى حؤدي انخً انؼٕايم اْى يٍ(  انًٕاسد ٔ انكفٕءة انؼايهت الاٌذي لهت ٔ انخصًٍى ضؼف ، انًُخفضت

 

 و انحراف نطاق الوشروع . , زيادة الكلفت , زيادة السهنالرئيسيت :تعثر الوشاريعالكلواث 
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1. INTRODUCTION  

Despite well-known research findings and in spite of decades of individual and team 

expertise of project management, Despite rapid development of membership of professional 

bodies for managing projects and despite an increase in the quantity of the project active in 

the industry, Project outcomes continues disappoint the stakeholders , the project would be 

consider troubled when it is heading towards fail. The troubled project can be defined as the 

project that the difference between what is expected and what is accomplished exceeds 

acceptable the tolerance limits, pushing into courses that will inevitably lead to its failure.  

Whether a troubled project ultimately succeeds or fails depends on the effectiveness of the 

actions taken to recover the project. Before these actions can be taken, however, 

organizations need to be able to recognize problems and prepare to take appropriate 

corrective measures. Fisher ,  4002 , Identified indicators of troubled projects as : 

    1- Contract work got off to a very slow start. 

    2- Equipment ordering has fallen far behind schedule. 

    3- Subcontracted work is being falling behind schedule or assigned late. 

    4- The owner- information / furnished equipment is arriving incomplete or late. 

    5- The numerous alleged changes are not negotiated or agreed-upon. 

    6- Cash liquidity problems of the contractor and/or owner. 

    7- Continues substantial changes in the project from the owner. Cleland, 1983, found that 

the main causes of troubled projects may come from the following sources: 

    1. The requirements: imprecise, Continuous Scope Changes, contradictory, lack of priority, 

lack of agreement, ambiguous and Unclear.  

    2. The resources: resource conflicts, Lack of resources, Inadequate, turnover of key 

resources and poor planning.  

   3. The timetable: overly optimistic, Too tight, and unrealistic.  

    4. Planning: missing items, insufficient details, poor estimates, Based on insufficient data.  

   5. Risks: not managed, unidentified or assumed. . 

The most important results that obtain at the arrival to troubled phase of the project is the 

(cost overrun, time overrun, delay and change or creep the scope) , In this research, an 

identification of the main factors for these results In addition to determining the most 

influential on the Stumble governmental projects. 

 

2. COST OVERRUN 

 The Poor cost performance in construction project was a very common problem worldwide 

lead to a significant amount of cost overrun. Which requires identification of the major 

contributors of this overrun and to highlight the efficient ways to control it? Cost overrun was 

defined as excess of the actual cost over budget. 

Flyvbjerg et al., 2003. Studied 258 projects in 20 countries and found that the cost escalation 

was a very common practice and happens in nine out of 10 projects with 28% higher than 

forecast costs in average. They concluded that the average cost escalation in Europe was 

25.7%, in North America 23.6% and in the other geographical areas was 64.6%, they also 

found that the cost performance in construction projects has not improved over time .the 

World Bank also indicate that about 63% of the 1778 construction projects financed by it, 

was faced a poor performance with an average of 40% overrun in budget, Ameh et al. ,2010. 

and Zujo et al., 2010.  
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 In Ghana, the proportion of projects exceeded the original project was 75% of cost, while; 

only 25% were completed within budget, Frimpong et al., 2003. Another investigation of 29 

showed that the contracted price overruns were noted at 17 (58.62%) of the projects with a 

maximum contracted price overrun of 29.16% ,Zujo et al., 2010. the major causes of 

excessive cost overruns in developing countries were ,the poor contractor management, poor 

technical performances, material procurement, monthly payment difficulties and escalation of 

material prices . Frimpong et al.,2003 and  Lee ,2008, examined the problems of cost 

overrun in Korean social overhead capital projects. he study 161 completed projects , and 

found that  the causes of cost overruns were (the project costs unreasonable estimation and 

adjustment, delays during construction, changes in scope and no practical use of the earned 

value ). The cash flow and financial difficulties faced by contractors were, contractor's poor 

site management and supervision, incorrect planning and scheduling, shortage of site 

workers, inadequate contractor experience , whereas, the changes in the project scope and 

frequent design changes are the least affecting factors on construction cost , Sriprasert 

,2000. and Memon et al., 2010. The main affecting causes of cost overrun in Kuwait were: 

owners’ lack of experience, owners’ financial constraints, and changing orders, Koushki et 

al., 2005.  The roject complexity, inaccurate material estimating, and inflationary increases in 

material cost were the main causes of cost overrun in Indonesian construction projects, 

Kaming et al., 1997. The conflict among project participants, non-existence of cooperation, 

presence of poor project specific attributes and ignorance and lack of knowledge, were most 

factors affecting the cost overrun of construction projects in India , Iyer et al., 2008. 

 

3. TIME OVERRUNS  

The Time overruns was defined as the time extension beyond planned completion dates 

.Time overrun has become a major one of the most concern in construction projects 

worldwide, it is currently a common problem in many projects leading to a considerable 

losses to the project parties. The Loss of time in construction projects influences drastically 

on project success and the time performance is the most important indicator of the project 

success Olawale. Y.A and M. Sun, 2010.  

the infrastructure projects in India ,experience a time overrun of up to 500% of the original 

estimated time, Pai and Bharath ,2013. in Malaysia , only 20.5% of the public projects and 

about 33.35% of the private sector projects were completed within original estimated time , 

Endut et. al. ,2009. The , (poor site management and supervision, ineffective project 

planning and scheduling, inadequate contractor experience, late delivery of materials, design 

changes by owner during construction, unreliable subcontractors, change orders, 

unqualified/inexperienced workers, delay in performing inspection and testing, delay in site 

delivery, slowness indecision making, delay in progress payments, delay in approving design 

documents , poor communication and coordination ) are the time overrun major factors in 

turkey, Gündüz et. al. ,2012. the major factors of time overrun in Egypt are " ineffective 

planning and scheduling, poor site management and supervision, variation orders/changes, 

difficulties in financing project by contractor, type of project bidding and award, low 

productivity level of labors, effects of subsurface conditions, delays in sub-contractors work, 

shortage of construction materials, and unqualified workforce" , Marzouk and El-Rasas 

,2014. lack of tower materials in the local markets, unrealistic clients requirements, delays of 

payments certificates, scope changes, poor workmanship, delay in design work, 

uncompromising attitudes between parties, unethical behavior of contractors to achieve high 

profits and poor site management, are the top ten factors of time overrun in Ghana, Danso 

and Antwi ,2012. Doloi et al., 2012, mentioned that the "poor site coordination, inefficient 
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site management, lack of commitment, improper planning, lack of clarity in project scope, 

lack of communication, substandard contract, architects' reluctance for change and rework, 

poor labor productivity, slow decision from owner" were the main causes of  time overrun in 

India. Sweis et al., 2008, investigated time overrun issue in Jordan , and found that " poor 

planning and scheduling, financial difficulties faced by the contractor, incompetent technical 

staff assigned to the project, shortage of manpower and too many change orders from owner , 

Sanni and Hashim ,2013., investigated the construction projects in Nigeria , They found that 

the major factors of time overrun are unstable market condition, engagement of 

inexperienced staff, improper contract document, complexity of the project, lack of research 

and innovation, choice of procurement method and unstable government regulations ". 

 

4. DELAY 

Delay means the failure to complete project in the budgeted cost & targeted time as agreed in 

contract. Delay occurrence is may concurrently with other delays and all of them will impact 

the project completion date. Many projects are experience extensive delays thereby exceed 

initial time and cost estimates. Construction delay considered to be one of the adverse events 

in the construction industry, it has an adverse effect on the project success in terms of quality, 

cost and time. The delays are always very expensive to all parties in projects, it will result in 

slows the growth of construction sector, claims, total desertion, much difficult for feasibility 

and clash. Delays and cost overruns reduce the available economic resources efficiency, 

reduce competitiveness of the economy and limit the growth potential, Singh R., 2010. 

Rearrangement, rescheduling and cost overrun, arbitration, disputes and litigation, were the 

main delay factors as sited by Mohamad M. R. ,2010. Kaming et al.,1997, exploited 

questionnaire survey for delay factors in Indonesian high-rise construction projects , they 

found that "inadequate planning, poor labor productivity, design changes, inaccuracy of 

materials estimate and materials shortage are the first five causes of delays". Koushki et al. 

,2005, identified estimates of the factors of time delays, the three main causes of delays are 

owners’ lack of experience, owners’ financial constraints, and changing orders. a factors like 

"lack of proper co-ordination, delay due to subcontractors, inadequate planning, poor 

administration, poor communication, shortage of technical staff and deficiency in 

construction activities may affect the project. Considering these factors, the main causes of 

construction delays of projects in the developing world. Table 1. reviews the delay factors 

extracted from some studies. 

5. SCOPE CREEP  

Poor scope management and control was a very common reason for projects failure. the 

leading cause of project failure is Scope Creep , according to 2010 Global Survey, "the top 10 

Obstacles of Project Success", It is very common in project management to get a scope 

changes, Winch ,2002, stated that "the scope identifies the core requirements of services, and 

any additionally desirable services and any constraints upon service delivery as regulatory 

requirements, or latest date for availability, is scope creep , it mean “the project work gradual 

expansion without any acknowledgement or formal acceptance of their associated schedule 

impacts, costs or other effects.” Also ,it is “process of adding work and requirements, step by 

step, till the final project completely different from the original one and the schedule and 
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original cost estimates have become unworkable s and meaningless, and Also , refers to the 

scope change that happens slowly and unofficially, without make any change in dates or 

making adjustments to the budget.” . The Project Management Institute, 2008 , defined 

scope creep as adding functionality and features without addressing the resources, costs, and 

time effects. This occurs when the scope is poorly controlled, documented and/or defined. It 

is risk is that the project drifts further far away from its initial objectives and leading to 

higher costs and delays. In particular, misinterpretations and misunderstandings between 

stakeholders on facility design have significant impact on the construction ,Knight and 

Fayek, 2002. .Bresnen and Haslam ,1991, reported that 40% of projects having budget 

overruns was due to scope creep or design variations. Clients often don't fully understand 

their requirements at project start. The iterative process used to determine their needs requires 

that the  project requirements be changed, which allows the client to achieve what they want 

exactly, this, in turn, lead to increased client satisfaction with the project results, that change 

process is called “creep.”. Scope creep may cause by the internal and external changes, 

including: 

1- Platform changes (e.g. car or truck) 

2- Environment changes. 

3- Customer requirement changes. 

4- poor understanding of the customer requirements prior to the project scope definition & 

contract signing, Abramovid, 2000. The scope creep is may cause by Misinterpretation of 

what is contained in project Statement of Work, contract, or scope, this misinterpretation may 

be caused by: 

1- Wide variation in task size 

2- Mixing special instructions, specs, approvals, and tasks 

3- Wide variation in work description details 

4- No chronological, structure or pattern order 

5- Using imprecise language ("approximately", "optimum", "nearly", etc.) 

6- Failing to get third party review, Harold Kerzner, 2009. Scope creep can be because of: 

weak Project Manager, poorly described project objectives, poor change control, triggering of 

risks, bad communication, etc. 

 

6. RESEARCH METHODOLOGY  

After determining the research problem, a study of a number of data governmental projects 

was done, in addition to field visits to part of these projects to stand on the implementation of 

these projects actually, and hold direct meetings with department managers directly involved 

in the implementation of and contracting of the projects, The research sample consist of a 

heads of departments in addition to 33 engineer has a wide experience to the implementation 

of government projects in general and governorate projects particularly . Questionnaire 

consists of two parts, the first information about the sample and the second part included 

factors relating to the results above in addition to the factors that have been extracted from 

the literature and the factors that have been obtained from the direct meetings and a study of 

projects data. Three rounds of Delphi method were used, in each round the respondents have 

been asked to determine the most influential factor on the (cost overrun, time overrun, delay 



Journal of Engineering Volume   22  February  2016 Number 2 
 

 

87 

 

and change or creep the scope) , with a scale consists of four degrees of importance (most 

important: 1 and unimportant: 4) . 

6.1 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 2. Show the Respondents Background. 

6.2 Identification of Influential Factors  

6.2.1 Cost overrun factors: these factors lead to a cost overrun in the project, that the 

allocated budget of the project will be insufficient, Table 3 shows the cost overrun factors. 

6.2.2 Time overrun factors: it’s the factors that lead to make an extension un the project 

deadline, which mean additional cost, additional administrative work and delay in the 

province of services to the building users , Table 4 shows the cost time factors. 

6.2.3 Delay factors: these factors are the factors that lead to delay in all its type , material 

delay , time delay , payment delay etc. Table 5 shows the delay factors. 

6.2.4 Scope creep factors: here, the factors will affect all the above problems (cost overrun, 

time overrun and delay), Table 6 shows the scope creep factors. 

6.2 Analysis of the Results 

The most influential factors on the main results (cost overrun, time overrun, delay and change 

or creep the scope),( in each round , factor that gets a mean of ( 3) or more is one of the most 

influential factors, Divakar,2009, take mean of 2.5 from 4 point scale (0.625) ,while 

Ayob,2013., take mean of 4 from 5 point scale (0.8) , in this study the ratio was (0.6) which 

mean get a best result  ) were obtained through the third round as follows , 

1. Cost overrun: The most influential factor on cost overrun, are shown in Table 7. 

2. Time overrun: The most influential factor on time overrun, are shown in Table 8. 

3. Delay: The most influential factor on delay, are shown in Table 9. 

4. Scope creep: The most influential factor on scope creep, are shown in Table 10. 

 

7. CONCLUSION 

1- Through the study of projects and direct meetings with a number of heads of departments 

and data engineers, Show that there is a weakness and a clear imbalance in project 

management and in scientific knowledge in this area and lack of its practicality. 

2- despite the significant benefits gained by any organization through the application of the 

principles and the basics of construction project management. 

3-  Search results also showed that there are factors that have an effective impact on the 

performance of projects, which require attention, planning and control in order to prevent the 

failure of projects .  
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4- There are factors that have a common effect on the failure of the project in general and on 

a clear defect in particular areas. 

5- Results show that the most of the factors were a managerial factors, thus, it could be 

controlled and minimized by improve the managerial skills in the construction organizations 

by conducting workshops and proper trainings. 

 

8. RECOMMENDATION  

In order to get successful projects has to be attention to the the following: 

1- The use of the principles and the basics of project management construction in addition to 

the full knowledge of all the requirements. 

2- Attention to training and development for all individuals working in governmental 

organizations. 

3- Ensure existence of an efficient comprehensive administrative system for monitoring, 

follow-up and controlling of projects in addition to build an extensive and comprehensive 

database for all projects data. 

4- Pay attention to the external circumstances surrounding project implementation to take 

advantage of the positive aspects and to prevent or minimize the negative effects on projects . 

5- Attention to the feasibility studies in addition to the full identification of all project users' 

requirements in general and the project in particular. 

6- Contracting with companies sober for design and engineering consultancy. 

7- Attention to the issue of classification of contractors to contract with reputable and high-

efficiency companies. 

8- Attention to planning, scheduling, follow-up, control and monitoring of work in all phases 

of the project. 

9- Attention to operating and maintenance cost and attention to it to reduce the operating 

costs. 

10- Planning and ongoing communication with all government departments to coordinate 

with them in the implementation of projects. 

11- Ensure that there is adequate funding and optimal use of resources at the stage of 

feasibility studies in order to prevent obstruction of work on the project later. 
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Table 1. Delay factors. 

Delay Factors Study Item 

- Slow preparation and approval of shop drawings  

- Delays in payments to contractors 

- Changes in design/design error 

- Shortage of labor supply 

- Poor workmanship 

Assaf et al., 1995 0 

-design changes 

-inadequate planning, 

-Productivity,  

-poor labor 

-Resource shortages. 

Kaming et al. ,1997 1 

-weather 

 -user changes 

- factors related to designer 

-economic conditions  

 -late deliveries, 

-site conditions 

-increase in quantity. 

Al-Momani.,2000 2 

- Ineffective planning and scheduling 

- Delay in progress payment 

- Change orders  

- Shortage of labor 

- Contractor difficulties in financing  

Assaf and Al-Hejji, 

2006 
3 

- Client variation 

- Inadequate contractor resources  - Unforeseen 

ground conditions 

- Poor site management and supervision 

- slow co-ordination and seeking of approval   

- Inexperienced contractor 

Tommy et al.,2006 

 
4 

- contractor Poor planning and scheduling  

- Shortage of manpower 

- Contractor financial difficulties 

- Too many change orders by the owner 

Sweis et al.,2007 5 

- Slow decision making 

- Financial issues 

- Shortage of supply  

- Shortage of material  

- Improper planning 

- Lack of effective communication 

- Design errors 

Saleh et al., 2009. 6 

-change orders by owner during construction 

- Delays in sub-contractors work 

- Poor communication and coordination  

- Late in revising and approving design documents 

Wei K. S. 2010. 7 
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Table 2. Respondent's background. 

Frequency (percentage) % Respondents 

 

71 

11 

011 

Gender 

Male 

Female 

 

23 

10 

04 

01 

07 

Type of respondents position 

1. Project Manager 

2. Architecture 

3. Engineer 

4. Consultant 

5. department manager 

 

55.4 

10 

8 

2.4 

Educational attainment 

B.Sc. 

High diploma 

M.Sc. 

Ph.D. 

 

04 

21 

14 

21 

Working experience 

6-10 years 

11-15 years 

16-20 years 

Above 20 years 

 

40.4 

07 

07 

01.4 

Engineering Specialization 

Civil 

Mechanic 

Electric 

Architectural 

 

Table 3. Respondents' answers on cost overrun factors. 

Importance degree (%) 
Cost overrun factors Item 

2 3 2 1 

20 31 12.4 1.4 Shortage of manpower 0 

01 15 28 12 Change orders by client  1 

20 35.4 02 5.4 Inaccurate quantity  2 

25.4 33.4 04.4 1 Increase in labor cost 3 

18 32 08 3 Project complexity 4 

15 22 11 02 Client’s late contract award 5 

12.4 22.4 17 4.4 Shortage of skilled labor 6 

15 23.4 18.4 6.4 Inaccurate material estimates 7 

10 8.4 26 18.4 Increase in material cost 8 

23.4 18.4 14 3 incapable inspectors 01 

33.5 16 14.4 6.4 late design works 00 

01 08 14.4 20.4 late approval 01 

16 20 17 03 late inspection 02 

20 21 07 08 inappropriate design 03 

4.4 31.4 04.4 21  04 
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    design changes  

06 31 21.4 5.4 changes in management ways 05 

10 28 16 00.4 high competition in bids 06 

16 31 12.4 5.4 late issuing of approval documents 07 

25.5 31 10.4 7 postponement of project 08 

14 25 24 5 late submission of nominated materials 11 

00 16.4 24 06 late documentation 10 

18 16.4 16.4 6.4 delay in commencement 11 

18 21.4 20.4 7 late land hand-over 12 

10 20 18 04 resource management 13 

07 21.4 24 01 undefined scope of working 14 

08 01.4 27 21.4 internal administrative problems 15 

14 25 10.4 01 unreasonable project cost frame 16 

6.4 31.4 04.4 21.4 delays in decision making 17 

13 27 12 04 poor communication between parties 18 

18 08 21 11 Incomplete drawings 21 

20 13 10 13 lack of equipment efficiency 20 

23 20 05 08 rework from poor workmanship 21 

12 21 23 00 natural disaster 22 

16 20 10 10 weather condition 23 

14 13 21 08 Inflation 24 

06 14 23 13 stoppages 25 

16 31 03 06 exchange rate fluctuation 26 

6 06 34 20 financial status of owner 27 

06 4 31 27 financial status of contractor 28 

01 8 27 30 payments delay 31 

 

Table 4. Respondents' answers on time overrun factors. 

Importance degree (%) 
Time overrun factors Item 

2 3 2 1 

20 23 10 03 Unforeseen site conditions 0 

23 27 05 01 Failure of equipment 1 

12 31 13 00 Materials price regulations 2 

26 20 10 00 Interference by owner in construction operation 3 

14 33 01 08 Shortage of materials 4 

23 14 06 13 Shortage of equipment 5 

06 8 28 24 Slow response by the consultants  6 

11 6 34 15 Financial constraints faced by owner 7 

10 28 16 00 Incompetent technical staff  8 

16 31 11 00 Difficulties in obtaining work permits 01 

31 27 11 00 Poor qualification of consultants 00 

11 11 06 30 Poor planning and scheduling  01 

12 31 03 10 Improper technical study by the contractor  02 

08 01 33 14 Delay in the approval of contractor submissions  03 

30 10 10 06 Shortage of technical professionals in the 04 
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contracting organization 

24 17 16 01 Slow decision making from owner 05 

17 11 28 00 Delays in contractors claims settlements 06 

23 10 26 7 Delays by the contractor payments to 

subcontractors 

07 

01 40 17 8 Ineffective quality control by the contractor 08 

34 11 10 01 Modification in material specifications 11 

24 31 04 5 Shortage of manpower 10 

04 22 21 11 Laws and Regulatory Framework 11 

11 18 16 11 Lack of communication between parties 12 

24 17 16 01 Lack of coordination between parties 13 

17 11 28 00 Accidents on site 14 

27 12 8 21 Unforeseen ground condition 15 

13 12 24 07 Effect of weather 16 

22 18 18 8 Shortage of site workers 17 

30 10 06 10 labor productivity 18 

8 01 27 30 External conditions affecting the project 21 

14 27 16 01 Insufficient Numbers of equipment 20 

17 28 11 00 Late delivery of materials and equipment 21 

01 11 21 27 Fluctuation of prices of materials 22 

8 11 34 13 Mistakes during construction 23 

01 11 17 27 Incompetent subcontractors 24 

24 27 06 01 Poor site management and supervision 25 

11 3 21 33 Lack of experience 26 

24 17 16 01 Incomplete design at the time of tender 27 

17 11 28 00 Delay Preparation and approval of drawings 28 

03 7 34 22 Mistakes and Errors in design 31 

14.4 25 12 03 Frequent design changes 30 

14 21.4 14 03 Unrealistic contract duration and requirements 31 

20.4 22 14 3.4 Delay in inspection and approval of completed 

work 

32 

14 20.4 14.4 07 Delay in materials delivery 33 

 

Table 5. Respondents' answers on Delay factors. 

Importance degree (%) 
Delay factors Item 

2 3 2 1 

Owner Related Delay Factors 

11 24 11 2 Lack in experience  0 

06 35 16 01 Misunderstandings in technical dealing with 

vendors & contractors 

1 

11 30 22 3 Suspension of work due to owner 2 

23 7 27 11 Coordination between the parties is not 

appropriate work 

3 

21 14 23 00 Lack of communication & co-ordination  4 

04 14 34 04 delays in payments of completed work  5 

11 06 33 08 changes by owner during construction 6 
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13 26 21 6 Late revising & approving relevant documents 

by owner 

7 

Consultant Related Delay Factors 

24 17 16 01 Inadequate site information given to consultant 8 

17 11 28 00 Conflicts of consultant with design engineer 01 

23 10 26 7 Complexity of project design faced by 

consultant 

00 

01 40 17 8 Communication barriers faced by consultant 01 

34 11 10 01 Difficulties in receiving payments from 

agencies faced by consultant 

02 

24 31 04 5 Conflicts between consultant & contractor 03 

31 08 13 04 Delay in handover of site to contractor 04 

13 18 30 5 changes in specification during construction by 

consultant 

05 

18 22 15 01 Inflexibility of consultant 06 

Contractor Related Delay Factors 

01 21 20 14 Lack of experience of contractor  07 

10 18.4 26 8.4  Contractor’s slowness in preparation of 

documents & material samples 

08 

23.4 18.4 14 3 Poor managerial skills in contractor 11 

33.5 16 14.4 6.4 Poor understanding of accounting & financing 

project 

10 

20.4 08 14.4 01 Compatibility of contractor with new software’s 11 

17 21.4 12.4 02 Is contractor compatible with new technology 12 

10 18.4 26 8.4 Rework in construction faced by contractor 13 

23.4 18.4 14 3 Conflicts with sub-contractor 14 

03 16 13 24 Contractor’s Poor site management & 

supervision 

15 

14 25 12 03 Contractor’s slowness in site mobilization 16 

14 21.4 14 03 Contractor’s inadequate planning & scheduling 17 

Material Related Delay Factors 18 

31 12.4 1.4 2  Untimely delivery 21 

28 12.4 01 1.4 Materials not in right place when needed 20 

35.4 02 5.4 2 Escalation of material prices 21 

33.4 04.4 1 2.4 Material damage in storage 22 

32 08 3 4 Poor Material management 23 

22 11 02 5 Slow process of material selection 24 

22.4 17 4.4 8.4 Changes in quality of material 25 

23 21 6.4 1.4 Frequently unexpected modifications in 

specification of material during construction 

26 

01 14 24 21 Contractor Financial difficulties  27 

Project Related Delay Factors 

14.4 25 12 03  Accidents on site 28 

14 21.4 14 03 Inaccurate cost estimates 31 

20.4 22 14 3.4 Changes in site topography after design 30 

14 20.4 14.4 00.4 Insufficient data collections & survey 31 

18.4 21.4 04.4 11 Unforeseen ground conditions 32 
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08.4 17 06 04.4 Changes in site conditions 33 

7 12 35 45 The security situation economic and political  34 

31 22 02 01 External Related Delay Factors 35 

26 31 03 6 Changes in government regulation & laws 36 

01 21 37 01 The diversity of projects implemented 37 

6 10 41 11 Weakness in experience of project manager and 

his team 

38 

 

Table 6. Respondents' answers on scope creep factors. 

Importance degree ( %) 
Scope creep factors Item 

2 3 2 1 

31 12.4 1.4 2 Involving the users only in later stages 0 

28 12.4 01 1.4 Management failure in managing user expectations 1 

35.4 02 5.4 2 Underestimating the complexity of the problem 2 

33.4 04.4 1 2.4 Insufficient Requirements Analysis 3 

32 08 3 4 Modification of rules 4 

22 11 02 5 Uncertainty in technology 5 

22.4 17 4.4 8.4 No recognition of interfacing processes 6 

23.4 18.4 6.4 1.4 Inaccurately defined processes 7 

21 11 27 7 Client/user disagreement 8 

01 11 30 16 Stakeholder multiplicity 01 

4 23 18 21 Change in market conditions 00 

11 16 28 01 Feature creep 01 

24 21 13 8 Flexibility 02 

06 23 28 01 Interfaces not defined 03 

17 40 03 6 Bad relation with client 04 

1 06 35 24 Not enough time to understand client’s needs 05 

00 02 24 30 No stakeholder involvement 06 

6 14 20 36 Wrong people defining scope 07 

13 24 16 03 Ambiguous requirements 08 

06 30 22 8 Requirements not clearly defined 11 

23 18 14 01 Learning 10 

06 24 20 06 Conflict in different government agencies interests 11 

6 21 28 11 absence of scope management and control 12 

08 11 34 03 Bad management of project changes 13 

20 21 18 01 data was not enough to define the scope 14 

04 36 20 6 Intervention by Government officials and 

politicians  

15 

01 26 18 11 Delay in project execution 16 

31 02 24 01 Ignorance of key stakeholders 17 
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Table 7. The most influential Cost overrun factors. 

rank SD mean  Cost overrun factor Item 

0 1.025 2.63 payments delay 0 

1 .879 2.56 financial status of contractor 1 

2 .654 2.40 financial status of owner 2 

3 .971 2.38 internal administrative problems 3 

4 .612 2.31 design changes 4 

5 1.154 2.27 Increase in material cost 5 

6 1.023 2.1 Change orders by client  6 

7 1.087 2.04 late approval 7 

8 .754 2.01 delays in decision making 8 

01 .915 2.13 Stoppages 01 

 

Table 8. The most influential time overruns factors. 

rank SD mean Time overrun  factor Item 

0 1.763 2.73 External conditions affecting the project 0 

1 1.876 2.56 Mistakes and Errors in design 1 

2 0.112 2.50 Lack of experience 2 

3 0.301 2.43 Incompetent subcontractors 3 

4 0.112 2.4 Mistakes during construction 4 

5 1.760 2.37 Fluctuation of prices of materials 5 

6 1.501 2.2 Slow response by the consultants  6 

7 0.156 2.14 Financial constraints faced by owner 7 

8 1.513 2.11 Poor planning and scheduling  8 

01 0.118 2.06 Delay in the approval of contractor submissions  01 

00 0.100 2.17 Laws and Regulatory Framework 00 

01 0.138 2.17 Lack of communication between parties 01 

02 1.587 2.12 Unforeseen ground condition 02 

 

Table 9. The most influential delay factors. 

rank SD mean Delay factor Item 

0 1.022 2.41 The security ,economic and political situation  0 

1 0.790 2.28 Contractor’s Poor site management & supervision 1 

2 1.134 2.16 Contractor Financial difficulties  2 

3 0.767 2.13 changes by owner during construction 3 

4 0.785 2.1 delays in payments of completed work  4 

5 0.887 2.06 Lack of experience of contractor  5 

6 .845 2.01 Inaccurate cost estimates 6 

7 0.151 2.18 Weakness in the experience of the project manager and 

his team 

7 

8 .712 2.15 Coordination between the parties is not appropriate work 8 

01 0.151 2.13 The diversity of projects implemented 01 
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Table 10. The most influential scope creep factors. 

rank SD mean Scope creep factor Item 

0 0.790 

 

2.58 Wrong people defining scope 
0 

1 1.134 

 

2.55 No stakeholder involvement 
1 

2 0.767 

 

2.46 Not enough time to understand client’s needs 
2 

3 1.737 2.37 Change in market conditions 3 

4 1.567 2.2 Stakeholder multiplicity 4 

5 1.470 2.11 Conflict in different government agencies interests 5 

6 0.151 2.07 Delay in project execution 6 

7 0.008 2.0 absence of scope management and control 7 

8 1.630 2.12 Bad management of project changes 8 

 

Table 11. The most influential factors on the Stumble and Failure, its weight and rank. 

ran

k 

Weight

% 

Factors 

group 
Factors Item 

0 05.3 all External conditions affecting the project 0 

1 01.3 All Financial constraints faced by owner 1 

2 01.17 All financial status of contractor 2 

3 01.3 All The diversity of projects implemented 3 

4 8.6 All Lack of communication between parties 4 

5 7.4 All design changes 5 

6 7.2 All Contractor’s Poor site management and 

supervision 

6 

7 7.16 All delays in payments of completed work  7 

8 6 All Lack of experience of contractor  8 

01 6 All delays in decision making 01 

00  All Slow response by the consultants  00 
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ABSTRACT 

    The removal of fluoride ions from aqueous solution onto algal biomass as 

biosorbent in batch and continuous fluidized bed systems was studied. Batch system 

was used to study the effects of process parameters such as, pH (2-3.5), influent 

fluoride ions concentration (10- 50 mg/l), algal biomass dose (0–1.5 g/ 200 ml 

solution), to determine the best operating conditions. These conditions were pH=2.5, 

influent fluoride ions concentration= 10 mg/l, and algal biomass dose=3.5 mg/l. 

While, in continuous fluidized bed system, different operating conditions were used; 

flow rate (0.667- 0.800 l/min), bed depth (8-15 cm) corresponded to bed weight of 

(80- 150 g). The results show that the breakthrough time increases with the increase 

of bed depth but decreases with the increase of flow rate. Thomas and Yoon-Nelson 

models were used to analyze the experimental data and there was a good matching 

between the theoretical and the experimental data for both models. Desorption studies 

indicate that NaOH solutions at different pH values (8-10) were used to recover the 

fluoride ions sorbed onto the algal biomass. It is noteworthy that the desorption 

efficiency at pH =10 remains close to 95 % of the initial value of sorption capacity. 

So the desorption performance remains appreciable. 

 Keywords: Fluoride ions Fluidized bed, algal biomass, Thomas and Yoon-Nelson models. 

هن هياه الفضلات تأستخذام كتلة الطحالة الخضراء والسرقاء في نظام أزالة ايىنات الفلىر

 انثىب التويع

م.د.شهلاء أسواعيل أتراهينأ.  
 لظى انهُذطخ انجيئيخ

جبيؼخ ثـذاد كهيخ انهُذطخ/  
 

يزمطغ دفغ  َظبيي في يبئي يحهىل يٍ انفهىر أيىَبد لإسانخ دح يبسحكًب انطحبنت اطزخذاو انذراطخ هذِ رزُبول

 انهيذروجيُي انزلى يثم رأثيز ػذح يؼبيلاد دراطخ  ذرًفي َظبو انذفغ انًزمطغ  .ثأطزخذاو اَجىة رًيغ يظزًزو

 يٍ يم 200/  ؿزاو 10-0)كًيخ انًبدح انًبسح  ،(نزز/  يهؾ 50 -10) انفهىايىَبد  رزكيش ،(2-3.5)

يهؾ/نزز،  10=رانفهىايىَبد ، رزكيش  2.5افضم ظزوف رشـيهيخ هي انزلى انهيذروجيُي=ووجذ ثأٌ ،(ًحهىلان



Journal of Engineering Volume   22  February  2016 Number 2 
 

 

112 
 

ظزوف رشـيهيخ يخزهفخ حيث اٌ  . ثيًُب في َظبو اَجىة انزًيغ انًظزًز رى اطزخذاوؿى/نزز 3.5كًيخ انًبدح انًبسح=

ػهى  (ؽ 150 - 80 وثىسٌ)( طى 15 -8) واررفبع انحشىح ،(دليمخ/  نزز0.800 -0.667)انجزيبٌ   يؼذل

. زذفكان يؼذل سيبدح يغ يزُبلض ونكٍ انحشىح ػًك سيبدح يغ يشيذ الإخززاق سيٍ أٌ نُزبئجا هذِ رىضح انزىاني.

هُبن رىافك ثيٍ انُزبئج انُظزيخ نزحهيم انُزبئج انًخزجزيخ وكبٌ  ويىٌ وَيهظىٌ  رى اطزخذاو يىديهي ثىيبص

ونميى يخزهفخ يٍ انزلى  NaOH. أيب دراطخ ػكض الايزشاس رشيز انى اطزخذاو يحهىل نكلا انًىديهيٍ وانؼًهيخ

 ػكض اٌ انحصىل ػهى افضميٍ انًلاحع انفهىر انًًزش ػهى انطحبنت. و طزخلاصلا( 10-9)انهيذروجيُي 

  .10% يحصم ػُذيب ركىٌ ليًخ انزلى انهيذروجيُي= 95وثكفبءح  يزشاسلاا

 َيهظىٌ -ايىَبد انفهىر، اَجىة انزًيغ، كزهخ انطحبنت، يىديم ثىيبص ويىديم يىٌ الكلوات الرئيسية:

1. INTRODUCTION 

   Fluoride is a ubiquitous element present in earth's crust. It belongs to group 17 of 

the Periodic Table and it is the most electronegative of all elements. Fluoride is 

considered as valuable and extensively used in industry such as toothpastes, 

fertilizers, production of graphite, semiconductors, electrolysis of alumina ,Tripathy 

et al., 2006. Large quantities of wastewater, which contains high concentrations of 

fluoride and its compounds, are generated from these activities. Fluoride may enters 

food chains and reaches to the human through either drinking water or eating plants 

and cereals. Fluoride has gained importance due to its dual influences on human 

beings. When present within the permissible limit, fluoride is an essential nutrient for 

the calcification of dental enamel and maintenance of healthy bones, so that it is 

purposely added to drinking water in small quantities to prevent dental caries. But the 

high concentration of fluoride is a serious hazard to human health and may causes 

fluorosis, brittle of bones, curvature of bones, dwarfishness, mental derangements, 

cancer, and in extreme cases even death. The permissible limit of fluoride in drinking 

water is 1 mg/l as recommended by WHO standards , Meenakshi, 2006. Pollution by 

fluoride has been observed in some natural water systems in Asia, Africa, America, 

and Europe, where the fluoride concentration can range from 0.01 to 3 mg/l in fresh 

water and 1 to 35 mg/l in ground water , Rajiv Gandhi, 1993. Due to high toxicity of 

fluoride to mankind, there is an urgent need to search for advanced wastewater 

treatment mechanisms to treat fluoride-contaminated water and to make it safe for 

human consumption. As a result, numerous efforts have been undertaken to find 

effective and low cost methods to remove fluoride from waste solutions.  

   Available treatments process for Fluoride from water and wastewater include 

chemical precipitation (by alum, lime, lime and alum and calcium chloride), 

adsorption (by activated alumina, clay and flay ash), ion exchange (by synthetic 
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resins) and membrane technologies (by reverse osmosis and electro-dialysis). These 

methods require more technical support for operation and maintenance and the capital 

investment cost is very high ,Mann and Mandal, 2014. This is an obvious constraint 

on the use of these methods in certain applications, especially for fluoride removal 

from wastewater. Alternatively, the so-called biosorption, i.e., the property of certain 

dead biomass to bind and concentrate selected ions or other molecules from aqueous 

solution, could be considered. Biosorption by dead biomass is passive and based 

mainly on the affinity between the biosorbent and sorbate ,Volesky, 2007; Sulaymon 

et al., 2012. Different materials have been reported in the literature as inexpensive 

sorbents for fluoride removal; for example, crashed limestone , Nath and Dutta, 

2010. Alum- , Tripathy et al., 2006. Rice husk ,Vardhan and Karthikeyan, 2011. 

Moreover, Sulaymon et al., 2013a. mentioned that biosorption by algae is proven to 

be quite effective at removing metal ions from contaminated solutions in a low-cost 

and environment-friendly manner. This can be attributed to the abandons of algal 

biomass and it has many negative charge active groups on its surface cell wall such as 

hydroxyl, carboxyl, amino, sulfhydryl, and sulfonate. These groups were part of the 

algal cell wall structural polymers, namely, polysaccharides (alginic acid, sulfated 

polysaccharides), proteins, and peptidoglycans. Although much of the current 

biosorption researches using algae are oriented towards the removal of metal cations, 

the binding of anions like fluoride to this biomass is a growing area of study. As well 

as, a few studies were carried out in continuous system using fluidized bed 

applications. 

   For evaluating the feasibility and effectiveness of biosorption in wastewater 

treatment it is essential to make predictions of the sorption performance, e.g. for 

facilitating process design. Therefore it is important to develop appropriate 

mathematical models of biosorption binding equilibrium and dynamic which are 

necessary as a prerequisite for all further work involving; batch, and column 

applications. 

   This work investigates the removal of fluoride in a fluidized-bed reactor of algal 

biomass as biosorbent. The preparation, characterization and sorption properties of 

biosorbent were reported. Moreover, the effect of some experimental conditions on 

the fluoride removal such as superficial velocity and bed height was evaluated and to 

model the process using a well-known empirical models. 
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2. MATERIALS AND METHODS 

2.1 Materials 

      2.1.1Collection of Biosorbent Material 

 

   Fresh samples of green and blue-green algae were used in this study as a biosorbent. 

This material was collected from the artificial irrigation canal in Baghdad University, 

Iraq. It was mainly combined of three species of algae.  Blue-green Oscillatoria 

princeps alga was the highest percentage (88%), green Spirogyra aequinoctialis alga 

was (9%), and blue-green Oscillatoria subbrevis alga (3%). And to make it used 

friendly the collected algae were not separated. The foreign matters were removed 

manually from the collected algae, then rinsed with tap and distilled water to remove 

dirt, sands, and external salts. Afterward, the washed algae were kept in air for 

evaporating of water and dried in an oven at 65 °C for 48 h. The dried biomass were 

roughly chopped, grounded into powder, sieved, and kept in air-tight polyethylene 

container at room temperature. An average size of 0.55 mm was used for biosorption 

experiments with required amounts. 

 

2.1.2 Fluoride Solution 

   All the chemicals used in this study were of analytical grade, and deionized water 

was used for solution preparation. A stock solution (1000 mg/l) of fluoride ions was 

prepared by dissolving appropriate amount of sodium fluoride (provided by Merck, 

Germany) in distilled water and stored in glass container at room temperature. The 

working fluoride ions solutions were prepared by appropriate dilution in accurate 

proportions of the stock solution immediately prior to use. The pH of the working 

solution was adjusted by using dilute HCl or NaOH solutions using a pH meter (type 

WTW, InoLab 720, Germany). Prior the experiments, all the glassware used for 

dilution, storage, and experimentation were cleaned with detergent, thoroughly rinsed 

with tap water, soaked overnight in a 20% HNO3 solution, and finally rinsed with 

distilled water before use. 

 

2.2Methods 

2.2.1 Batch System Experiments 

   Experimental parameters affecting the biosorption process such as pH (2-3.5), 

precipitant dose (0-1.5 g/ 200 ml solution), and initial fluoride ions concentrations (0-

50 mg/l) were studied in batch system. The experiments were conducted in 250 ml 
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stoppered conical flasks containing 100 ml of pre-determined fluoride ions aqueous 

solution (1–50 mg/l) and 1 g of algae, under constant shaking at room temperature (20 

± 3°C). The pH solution was adjusted to the desired value. The flasks were placed in a 

shaker (Edmund Buhler, 7400 Tubingen Shaker-SM 25, Germany) under constant 

shaking speed (200 rpm) for 3 h. After equilibrium biosorption, the sorbent was 

separated from aqueous solution by using filter paper (Whatman, No.42, diameter 7 

cm) and the residual concentration of fluoride was measured. The concentration of 

fluoride in both initial and withdrawn samples was determined using Orion 

Multiparameter Kit Ion Meter. The instrument was calibrated each time the analysis 

was done. All the samples were measured in triplicate and the average value was 

obtained. The fluoride removal was calculated by using the following equation: 

Fluoride removal= (
     

  
)                           

   Where, Co and Ce are the initial and equilibrium fluoride concentrations in water 

(mg/l), respectively. 

 

2.2.2. Continuous system experiments 

   A fluidized bed reactor which is shown in Fig. 1 was designed to investigate the 

algal biomass biosorption efficiency for fluoride ions. The fluidized bed reactor is a 

7.5 cm inner diameter and 1 m high glass column. In order to homogenize and evenly 

distribute the liquid flow before it reaches the algal biomass bed section, the column 

consists of a calming entry section of length of 5 cm filled with glass beads of mean 

radius 2 mm and covered with stainless steel sieve. In addition, the fluidized bed 

reactor has a screen at the bottom to support the algal biomass particles and at the top 

to remove the presence of particles in the effluent. A 10 W lamp was installed behind 

the reactor to measure the expanded height of algal biomass bed accurately. The 

fluoride solution of 10 mg/l was pumped into the reactor vertically and fluidized the 

algal biomass bed at a flow rate of 40 l/h with the temperature kept at room 

temperature, that is, about 25±3 °C. The solution pH was adjusted to a desired value 

by using 0.1N NaOH / HNO3. Samples were periodically taken from the effluent of 

the reactor at different time intervals and analyzed for fluoride concentration. The 

operation of the column was stopped when the outlet fluoride ion concentration 

reached its initial concentration. 
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   The experimental sorption capacity can be obtained using equation 2; it is calculated 

from the area above the breakthrough curve, taking into account the volume of treated 

water through the column and the mass of biosorbent, used in the packed column. 

     ∫
       

 
  

      

 

                   

   Where, qexp is the sorption capacity (mg/g); Ct is the withdrawn fluoride 

concentration (mg/l); m is the mass of the algal biomass (g), V (l) is the volume of 

treated water (Meenakshi, 2006). 

 

2.2.3 Breakthrough Curves Models 

      There are many dynamic models for describing the performance of column 

systems. Thomas model is widely used for its simplicity and for its adequate accuracy 

in predicting breakthrough curves under various operating conditions. The model is 

represented by the following equation (Yilmaz-Ipek, 2013): 

 

  
 

 

     [
           

 ]
                 

   Where, KT is the Thomas rate constant (l/min.mg), m is the mass of sorbent (g), Q is 

the volumetric flow rate (l/min), C is the sorbate concentration and    is the Thomas 

sorption capacity (mg/g). 

   The Yoon-Nelson model is a simple model for describing the sorption and 

breakthrough curves of the sorbate. It requires no detailed data on the characteristics 

of the sorbate, the type of sorbent, or the physical properties of the sorption bed, and 

is expressed as follows (Yilmaz-Ipek, 2013): 

 

  
 

              

                
                     

   Where τ is the time required for 50% sorbate breakthrough (min) when fluoride 

concentration C (mg/L) is one half of Co, and     is the rate constant.  

 

2.2.4 Desorption 

   When the relative concentration (C/C0) achieved a value near about 1, the adsorption 

process become saturated and regeneration process was start to wash out the loaded 

metal ions from the pores of the adsorbent. Desorption is a very important concern to 

reuse the biosorbent and reduce process costs. It is desired that the adsorbent should 
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be close to its original form, and should not lost its sorption ability after desorption.  

In addition, the recovery of valuable metals from dilute aqueous wastes is a 

complementary process. For this case, acidic or basic solutions are frequently used for 

desorption of metal ions sorbed on different sorbents (Sezen et al., 2012).   

 

3. RESULTS AND DISCUSSIONS 

  3.1Characterization of the Algal Biomass 

   A sample of powdered algal biomass was analyzed for surface characterization such 

as surface area and porosity. Table 1 listed the physicochemical properties of the 

algal biomass used in this study. The surface area of algal biomass was determined 

from nitrogen adsorption-desorption isotherm analysis using a Micrometrics Nano 

Porosity System. 

   It can be seen that the surface area and the pore volume of the biosorbent were 4.07 

m
2
/g and 0.713 cm

3
/g, respectively. These values are small compared with those of 

other materials like activated carbon, so that the removal efficiency is very sensitive 

to the porous sorption. In this case it is recommended to use fluidized bed reactor 

rather than fixed bed system.  

 

3.2 Parameters Affect Biosorption 

   Fig. 2 depicts the fluoride ions removal as a function of algal biomass dosage for 

different initial concentrations. Clearly, the fluoride ions removal increased with the 

increase of algal biomass dose from 0.01 to 0.7 mg/200 ml solution and thus the 

biosorbent dose was an important factor to the fluoride ions removal. The reason 

being that; an increase in the sorbent quantity in the aqueous solution results in a 

larger exchangeable area for fluoride ions biosorption. This figure also shows that the 

removal rate of fluoride ions considerably remains stable at algal biomass dosages 

beyond 0.7 g/200 ml aqueous solution, implying that the best amount of algal biomass 

is 3.5 g/l solution for all initial fluoride ions concentration values. Therefore, this dose 

is used in all subsequent experiments. Moreover, experimental results revealed that 

the highest fluoride ions removals were 0.93, 0.88, and 0.68 at initial concentrations 

of 10, 20, and 50 mg/l, respectively. By increasing the initial concentration from 10 to 

20 mg/l the removal efficiency does not alter greatly. This is probably can be inferred 

due to the fact that the amount of algal biomass used in this experiment contains 
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enough sorption active groups and sites for the binding of fluoride ions. When the 

initial concentration increased to 50 mg/l the removal of fluoride ions was 

significantly affected. This can be attributed to the increase in the fluoride ions 

concentration provides a greater driving force to overcome the mass transfer 

resistance through particles as well as the collision between fluoride ions and algal 

biomass particles is enhanced at higher concentrations as stated by , Hekmatzadeh et 

al., 2013. However, increasing the initial fluoride ions concentration led to a drop in 

the removal of it as shown in Fig. 2. 

   The most important factor affecting the sorption of ions is the pH of the aqueous 

solution. According to , Cengeloglu, 2002. the removal of fluoride ions is highly 

efficient under low pH values this is due to positive charge ions (H
+
) density on the 

sites of biomass surface will enhance metal anion sorption. Hence, the pH was 

initially adjusted between 2 and 3.5 and the results are depicted in Fig. 3. At initial pH 

3 the final pH slightly increased to 4.5. This can be explained by that untreated algae 

biomass generally contains light metals such as K
+
, Na

+
, Ca

2+
, and Mg

2+
 which are 

originally present in freshwater.  These ions are bound to the surface acidic functional 

groups and when algal biomass reacts with metal-bearing solution, releases light 

metal ions and pH increases, these results agreed with , Sulaymon et al., 2013b. This 

also was explained in terms of ion exchange, whereby the observed released light 

metals balanced the uptake of cation ions as stated by ,Schiwer and Volesky, 1996; 

Kratochvil, 1997. It is clear from Fig. 3 that the solution pH value was an important 

parameter controlling the biosorption of fluoride ions onto the surface of the algae 

biomass. From pH 2.0 to 2.5, biosorption of fluoride ions onto algal biomass showed 

increasing phenomena and at pH 2.5 it attains the maximum removal. The increase in 

fluoride ions removal with the increase in pH is because at acidic solution, more 

protons will be available to protonate the active group and increasing the number of 

binding sites for biosorption of fluoride ions. These results agreed with , Elwakeel, et 

al., 2014. 

   Above pH 2.5, the biosorption of fluoride was decreased sharply. This trend can be 

attributed to that at pH above 2.5 the surface of algal biomass does not adequately 

protonated with a positive charge and fluoride ions could thus be bound. So at pH < 

pHPZC (PZC is the point of zero charge) the surface of the sorbent is positively 

charged, indicating a greater affinity for anions as stated by ,Zelmanov and Semiat, 
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2014. These results are in agreement with, Roberts 1992, Kratochvil and Volesky 

(1998) who pointed that for anionic metals only when the solution pH is lower than 

the conjugated acid dissociation constant pKa value, the active groups such as 

carboxylic and chitin amide groups could be effectively protonated with a positive 

charge and an anion metal could thus be bound. At pH below 2.5 and despite of high 

density of H
+
 ions, the fluoride ions removal was decreased owing to the dissociation 

of the biosobent as stated by , Sulaymon et al., 2014. For the further experiments the 

pH solution was fixed at 2.5. 

 

3.3 Fluidized Bed System 

   Breakthrough curves generally permit a good description of the processes in 

sorption columns. The resulting breakthrough curves at different parameters are 

presented in Figs. 4-7. The experimental biosorption capacity values of the fluidized 

bed reactor are shown in Table 2. It can be seen that Thomas and Yoon-Nelson 

models show a good fit with the experimental data related to R2 values. Figs. 4 and 5 

show the breakthrough curves of algal biomass towards fluoride ions at different flow 

rates (0.667, 0.734, and 0.800 l/min) and an expanded bed height of 10 cm for the two 

models. The breakthrough generally occurred faster with higher flow rate and the 

slope of the breakthrough curve increased with increasing liquid flow rate. The 

breakthrough points (90% removal efficiency) occurred at 2, 9 and 20 min for liquid 

flow rate of 0.800, 0.734, and 0.667 l/min, respectively. This can be attributed to that 

increasing the flow velocity would decrease the contact time between the fluoride 

molecules and algal biomass particles along the column bed. Increasing the flow rate 

may be expected to make reduction of the liquid film thickness. Therefore, this will 

decrease the resistance to mass transfer and increase the mass transfer rate as well as 

there is not enough time for sorption equilibrium to be reached.  In addition, 

decreasing the flow rate allows the solute to diffuse more efficiently in the sorbent: 

the mass transfer zone (where the reaction takes place) is shortened. These 

mechanisms are also consistent with that obtained by , Sulaymon et al., 2010. The 

maximum biosorption capacities of the fluidized bed reactor at different flow rates are 

2.94, 2.53 and 2.1 mg/g for flow rate 0.667, 0.734, and 0.800 l/min, respectively.  

   The effect of bed depth on the sorption process was investigated at bed height of 8, 

10 and 15 cm (corresponded to bed weight of 80, 100 and 150 g). Thomas and Yoon -
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Nelson models were used to predict the breakthrough curves. The two models show a 

good fit with the experimental data and the results are depicted in Figs. 6 and 7. 

These results showed that with increasing the bed weight of the algal biomass the time 

at which an effluent concentration reached breakthrough point is increased, this is due 

to the large contact time between the fluoride ions and biomass particles at a high bed 

depth.  Smaller bed heights will be saturated in less time. Also, an increase in the bed 

depth will increase the surface area for the sorption which will improve the removal 

efficiency. The results agree with that obtained by ,Sulaymon, and Ebrahim, 2010. 

 

3.4 Desorption process 

   In the present study, NaOH solutions at different pH were used to recover the 

fluoride ions sorbed on the algal biomass. This strong base will displace the sorption 

equilibrium toward fluoride ions release. The desorption capacity values of the 

column are shown in Table 3. The volume of dilute NaOH solution required to 

recover the fluoride for each desorption cycle was fixed at 10 l. It is noteworthy that 

the desorption efficiency at pH equal 10 remains close to 95 % of the initial value of 

sorption capacity. So the desorption performance remains appreciable. 

 

4. CONCLUSIONS 

   Algal biomass was used to remove fluoride ions from aqueous solution in 

continuous fluidized column system and it was found to be very effective adsorbent. 

The present work demonstrates that the operation is highly dependent on the pH, 

influent fluoride ions concentration, and algal biomass dose. The breakthrough time in 

continuous fluidized bed system was increased with the increase of bed depth but 

decrease with the increase of flow rate. The experimental data were well fitted to 

Thomas and Yoon-Nelson mathematical models. From the mathematical models it 

was observed that the maximum metal uptake capacity was decreased with the 

increase of bed depth but increased with the increase of flow rate. Desorption process 

shows that the algal biomass is economically suitable for the regenerate 95 % of the 

initial value of sorption capacity of fluoride ions at pH =10. 
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Table 1.  Properties of the algal biomass used in biosorption experiments.    

 

Parameter Value 

Particle diameter (mm) 0.4-0.6 

Bulk     density(g/cm
3
) 0.680 

Real density (g/cm
3
) 1.100 

Surface area  (m
2
/g) 4.07 

Micropore volume (cm
3
/g) 0.713 

Bed void fraction 0.577 

Point of zero charge, pHPZC 5.5 

Total exchange capacity (mEq/g) 1.24 

 

 

 

 

Table 2. Experimental and theoretical parameters in fluidized bed reactor for Fluoride 

removal. 
Run Experimental Parameters Thomas model parameters Yoon and Nelson 

model parameters 

Q 

(l/min.) 

pH m 

(g) 

h 

(cm) 

Co 

(mg/l) 

q 

(mg/g) 

KT 

(l/min.mg) 

qT 

(mg/g) 

R
2
 KYN τ R

2
 

1 0.667 2.5 100 10±0.1 10 2.940 9.98*10
3
 2.794 0.998 0.099 41.889 0.997 

2 0.734 2.5 100 12±0.1 10 2.530 9.50*10
3
 2.400 0.998 0.095 32.987 0.998 

3 0.800 2.5 100 14±0.1 10 2.100 9.68*10
3
 1.997 0.995 0.096 24.957 0.995 

4 0.667 2.5 150 15±0.1 10 2.992 8.54*10
3
 2.88 0.999 0.085 58.073 0.999 

5 0.667 2.5 80 8±0.1 10 1.52 9.55*10
3
 2.775 0.998 0.095 33.291 0.998 
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Table 3.Desorption capacity values 

 

 

 

 

  

 

 
 

 

Figure 1. Experimental fluidized bed setup, A: Metal solution tank, B: Pump, C: 

Flow meter, D: Distributer, E: Column reactor. 
 

 

 

Run Experimental Parameters 

Q (l/min.) pH m (g) h 

(cm) 

Co (mg/l) q (mg/g) 

1 0.667 8 100 10±0.1 10 2.107 

2 0.667 9 100 10±0.1 10 2.556 

3 0.667 10 100 10±0.1 10 2.799 
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Figure 2. Effect of algal biomass dosage and initial concentration on removal of 

fluoride from aqueous solution, pH 2.5, at room temperature, contact time: 4 h at 200 

rpm. 

 

    

 

Figure 3. Effect of pH on removal of fluoride from aqueous solution at room 

temperature, 200 g algal biomass/200 ml, contact time: 4 h at 200 rpm. 
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Figure 4. Effect of flow rate on fluoride removal in fluidized bed reactor at pH=2.5, 

Co=10mg/l, biomass weight =100g using Thomas Model. 

 

 
Figure 5. Effect of flow rate on fluoride removal in fluidized bed reactor at pH=2.5, 

Co=10mg/l, biomass weight =100g using Yoon and Nelson Model. 
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Figure 6. Effect of algal biomass weight on fluoride removal in fluidized bed reactor 

at pH=2.5, Co=10mg/l, flow rate =0.667 l/min using Thomas Model. 

 

 
 

Figure 7. Effect of algal biomass weight on fluoride removal in fluidized bed reactor 

at pH=2.5, Co=10mg/l, flow rate =0.667 l/min using Yoon and Nelson Model. 
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ABSTRACT 

    In this research, deposition of titanium oxide (TiO2) and vanadium oxide (V2O5) thin film  in 

different mixing percentage  (0, 25 ,50, 75 and100)%   on the substrate of glass .The coating 

thickness was ( 50 nm  ). 

In this research contact angle was measured and the effect of weather conditions. Results showed 

that the value of the contact angle of the prepared films reached its highest value at 50% 

(TiO2+V2O5) was 160º. 

The results showed that the optical transmittance of TiO2 and V2O5 thin film decrease with 

increasing the deposition angle and decrease with increasing V2O5 proportion. 

 

KEY WORDS :TiO2,V2O5,thin film ,contact angle, optical transmittance, super hydrophobic 

surface. 

 

 ( للواء الزفض فائق سطح) TiO2 , V2O5 هن رقيقة أغشية  تصنيع

 الوسحوق طلاء بتقنية
 

 هحود صلاب حوزة

 اسخار يساعذ دكخىس

 قسى هُذست انًىاد انجايعت انخكُىنىجيا

 ألاء علاء الدين

 اسخار يساعذ دكخىس

 قسى هُذست انًىاد انجايعت انخكُىنىجيا

 م. شذا كاظن هحود

 يهُذط

 ىاد انجايعت انخكُىنىجياقسى هُذست انً

 

 :الخلاصة
  يخخهفت خهظ َسبت عُذ سقيق غشاء بشكم (V2O5) انفُاديىو وأكسيذ (TiO2) انخيخاَيىو كسيذوأ حشسيب حى انبحث، هزا في 

 .(َاَىيخش 50) طلاء وبسًك. انضجاج يٍ ةقاعذ عهى يُها(% 100 و 75 و 50 و 25و0 )

 انًعذة الأفلاو يٍ الاحصال صاويت قيًت أٌ انُخائج وأظهشث  .انجىيت انظشوف وحأثيش  الاحصال صاويت قياط حى انبحث هزا في

 .          كاَج و ( TiO2، V2O5 )٪50َسبت خهظ  عُذ نها قيًت أعهى بهغج

 تصاوي صيادة يع اَخفضج V2O5و TiO2 يٍ نكم  انشقيق غشاءنا انُفاريت أٌ انُخائج وأظهشث انبصشيت؛ انُفاريت فحص حى وقذ 

 في انخهيظ.  V2O5 َسبت صيادة ويع خشسبان

 

 ، غشاء سقيق، صاويت الاحصال، انُفاريت انبصشيت، سطح فائق انشفض نهًاء.TiO2 ،V2O5 :الكلوات الزئيسة

 
1. INTRODUCTION 

      Recently titanium oxide (TiO2) vanadium oxide V2O5 ultra thin films have been investigated 

with regards to their remarkable optical, electrical and photo electrochemical properties. 

A number of methods have been employed to fabricate thin films, including e-beam evaporation 

,M.Z. OBIDA, 2005, sputtering, M. N. ESFAHANI 2008, chemical vapor deposition S.H. LEE 

https://us-mg6.mail.yahoo.com/neo/b/compose?.crumb=JbNp0HJh9yz&to_list=GvUMH15igmDxY96PRimVcwxf3biCTX2Fcg--
mailto:aDr.alaa@yahoo.com
https://us-mg6.mail.yahoo.com/neo/b/compose?.crumb=JbNp0HJh9yz&to_list=AkRp6L91mC9qhLi9.g2JzBaxQ1VkJ6A-
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et.al ,2001and sol-gel process , J. YU, X. ZHAO, 2001, and Q. ZHAO. Among these methods 

the sol-gel process is one of the most appropriate techniques to prepare thin film. 

Application of (TiO2 ,V2O5) like microfiltration media properties, catalytic reactors, cathodic 

protection, orthopedics. Contemporary orthopedics commonly uses various types of implants 

which replace damaged or malfunctioning parts of the osteoarticular system. The implants are 

manufactured using a number of construction materials fulfilling specific requirements. To 

numerous metallic materials belong stainless steel and titanium alloys, W.A. Seattle, 2006. 

The materials used for the implants working for a long time in a living organism environment 

ought to be bio-acceptable, resistant to the influence of the tissue environment, and compatible 

biochemically. Also the implant surfaces are known to be very important, because their 

chemical, biomechanical, and topographic features influence the behavior of cells during the 

initial stage of the implant integration with the surrounding tissues, ultimately determining the 

speed and the quality of new tissue formation M.Z. OBIDA, M. N. ESFAHANI. 

Physical properties of metallic materials which accelerate the development of bone–implant 

interactions can be improved by various techniques of surface film engineering, e.g. by the 

deposition of ultra thin oxide films by the sol–gel method, S.H. LEE et.al. 

The main purpose of the present paper is fabrication of (TiO2 ,V2O5) ultra thin films deposited on 

the surfaces of glass from  its powders.  

2. EXPERIMENTAL WORK: 

This work includes many steps;  

A- THE MATERIALS USED FOR THE PREPARATION OF THIN FILMS:- 

The materials were used in this work to fabricate thin film are TiO2 and  V2O5 powders. These 

powders are prepared in sequent process is mentioned below: 

 Sieving process, milling process, and sieving process, particle size measurement process, 

preparation of materials ratio. 

Sieving process was carried out in Material Engineering Department /University of Technology 

by the equipment device. Where using sieves measurements (93, 75.53, 38, 25) µm. 

Milling process were done in Material Engineering Department /University of Technology by 

the equipment device, this process in 3 hour for each powder. Ball mill model 9 variable speed. 

Particle size  test was carried out in Advanced Materials Research Center at the Technology and 

Science Ministry. Specification of the device are (SALD-2101) laser diffraction particle size 

analyzer shimadzu. The results of the powder that was used in the research are as follows: 

V2O5=0.421 µm   , TiO2 = 0.390µm as in fig (1) and (2). 

     Particle of powder materials have been weighed according to the selected ratio to prepare 

batches for the spray process by using balance device type Denver  max weight is (210) g. This 

method are described in table (1). 

B-SYSTEM PREPARATION:- 

    The system which is used for preparation of thin films by powder deposition process indicated 

in fig (3).  

This systems consists from a-nozzle b- compressor device c- electric heater d-flow meter e-

beaker g –connection f- temperature measuring device remotely. 

 

 

 



Journal  of Engineering Volume   22  February  2016 Number 2 
 

 

831 



C- SUBSTRATE PREPARATION:- 

    All glass sheets were investigated in this work as substrate for preparation of surface in 

standard dimension as (5x2x0.2) cm and purity (99.99%). Cleaning process for the glass 

substrates was done by ethanol alcohol for 10 min , M.  Mahdi1, 2009, rinse with distilled water, 

drying in air. After this operation the samples were putted and fixed on the electric heater with 

control temperature. 

D- SPRAYING PROCESS:- 

     Pre chamber of the nozzle is designed as a unit for mixing carrier gas and for gas-powder, 

which moves down from the powder feeder to pre chamber. Low velocity gas-powder mixture 

entrances into pre chamber. Low-velocity gas- powder mixture moves from the feeder into pre 

chamber under high pressure (value of static pressure in powder mixture must be higher than 

pressure of carrier gas). That is why powder feeder must be designed considering high level of 

pressure inside. Pre chamber is connected to nozzle.  Gas which we used in this work is air. Flow 

gas determine is (2.5 l/min) , at pressure  ( 7) bar ,temperature is ( 25 ) Cº. In the spray, unit 

powder is accelerated and heated by gas flow. After leaving the nozzle, particles interact with 

substrate and create a coating.  

e- ANNEALING : was done at (350)Cº for (one hour) in furnace type German origin 

(Nabertherm), maximum temperature up to 1100Cº . 

f- TESTING : 

1- CONTACT ANGLE TEST:- Sample has been used to measure the contact angle for the 

droplet. According to the specification ASTM No (813-1990), ASTM,1988. 

   In this test, it is used the following items:- 

  a - rule  b - camera type and strength enlarge(16 M pixel) to take pictures of the drop for  each 

sample   c - camera holder d - protractor e - light source f - needle or tube lattice equipped with a 

drop of water g - stopwatch h - thermometer and humidity k – computer.  After that, contact 

angle can be plotted for each drop. Measure the angle from the right equal measure from the left. 

Samples that were used are st.st. Which has been stored in closed containers in order to keep this 

coat and uses gloves or carry special forceps. 

Contact angle e apparent are shown in fig(4), droplet is shown in fig(5). 

2- UV SPECTROMETER  

    TiO2 and V2O5 thin films on glass substrate were irradiated by UV-VIS 

spectrophotometer.The device to measure the optical transmission of film is shown in figure (6). 

we were recorded the optical absorption and transmission for glass samples by UV-VIS 

spectrophotometer. From these it can find properties of the coating, thickness accurately by the 

equations (1) and (2) , M.  Al-Mudhaffer, 2010. 

 
r = (n-1)

2 
/(n+1)

2                                            
     (1) 

 
n : refractive index(dimensionless) 

 
t= (1-r

2
) *e 

–α t
 
                                                         

(2) 

 
t:  optical transmittance (percentage)  

α: absorption coefficient( cm
-1

) 
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t: coat thickness  (µm) 

 

     This device is available in nanotechnology and advanced materials research center / the 

university of technology with range (200-1200) nm. 

3. RESULTS AND DISCUSSION 

       Fig(7) shows the contact angles of all the film which have been prepared at different 

deposition angles before exposure to Iraqi weather. In this figure note that component on the 

horizontal axis powder mixture concentration ratios (wt%) and the values of the contact angles in 

degrees on the vertical axis. 

  a-EFFECT OF COMPOSITION:- 

        The change ratios of powders included in the mixture, which was deposited affect on the 

value of the contact angle on the one hand. This figure represents a pre-exposure to weather 

conditions. The value of the contact angle of the titanium oxide reached almost 120º, and almost 

rise to 160º , X.Ding and Z. Wang, 2011. 

b-Effect of deposition angle:  

       In the same figure an increasing the angle of deposition lead to increase the contact angle at 

all mixture concentration. At change of the deposition angle and this corresponds with the 

previous research, reaching to 151.5º, C. Xue and E.Denver, 2008.  

        Either in the case of vanadium oxide, it find that the value rise and reached 160º also with 

increasing deposition angle. and can conclude that angle deposition played a key role in 

changing the coat condition from hydrophobic to super hydrophobic and this value is identical 

with the reference ,K. Senthila and M. Kanehira, Z. Zhang, 2011. 

         Fig(8) illustrates change in contact angle after exposure to Iraqi weather condition during 

four months full of all samples. In this figure it noticed that the value of the change was few, as 

happened simple  change in contact angle value and nearly all samples after four months full due 

to the influence of moisture and this corresponds to the reference , C.V. Ramana et.al, 2004. 

        In Fig (9) contact angle  was taken per month for four months and four samples that showed 

the highest value contact angle through the first examination in Fig(8) with concentration (50% 

TiO2,50%V2O5)  and then examined for each month separately. Results also showed simple 

decrease in the values of the contact angle because increased humidity, which corresponds to 

(any moisture ratios) months installed in the same Fig (9), because the increased humidity 

caused an increase in the area of exposure which cause that decreased M.Z. OBIDA et.al., 2005, 

C. Xue and E.Denver, 2008. 

     Optical transmittance have many application varied. Because it's important to have the coat or 

thin film high percentage of transparency in the area over the visible spectrometer. Therefore be 

appropriate for the application , C.V. Ramana et.al. 

        Fig (10:a) represents transmittance value of 100%  TiO2 and0% V2O5 and note that with 

increasing angle low transmittance because decrease case irregular film, which we observed in 

the images imaging microscopy in the preceding paragraph. The same think is true for the other 

thin films figures (10: b ,c ,d , e) that represent mixtures. Including all note on the whole low 

transmittance with increasing angle deposition, W. Gulbinski et.al, 2003. 

 

4. CONCLUSIONS: 

a-Real contact angle that have been measured (155º). That means the film was super 

hydrophobic especially at deposition angle of 45º. 
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b- It is clear that the optical transmittance of TiO2 and V2O5 thin films decrease with increasing  

the deposition angle and decrease with increasing V2O5 proportion .Where it was in the case of 

pure titanium dioxide (82% ) and decrease to (40%), maximum transmittance is (95% ). 

c-The contact angle measurements have highest value for mixture (50% TiO2, 50%V2O5) 

increased with high angular deposition hitting (160º) at deposition angle (45º). 

d- The influence of weather conditions was limited at this deposition angle (45º) for mixture 

(50% TiO2, 50%V2O5) after exposure to four months consecutive full of Iraqi weather 

conditions. 

     REFRENCES 

 ASTM ,"ANNUL BOOK OF ASTM STANDARDS ",1988, ASTM, (ASTM C326-76), 

(ASTMC 373 – 72), ASTM C438 – 71)  ,WITHDRAWN STANDARDS UNTIL 2006.   

 C.V. Ramana, R.J. Smith and O.M. Hussain , C.M. Julien, On the growth mechanism of 

pulsed-laser deposited vanadium oxide thin films, Materials Science and Engineering B 

111 (218–225), 2004. 

 C. Xue and E.Denver, “Superhydrophobic cotton fabrics  prepared by sol–gel coating of 

TiO2and surface hydrophobization “, College of resource and environment, Shaanxi 

Uuniversity of Science and Technology, sci. Technol. adv. mater.vol.  9 pp (1-5)  , China, 

2008. 

 J. YU, X. ZHAO, and Q. ZHAO, “Photocatalytic activity of nanometer TiO2thin films 

prepared by the sol-gel method,” materials chemistry and physics, Vol. 69, No. 1–3, PP. 

25–29, 2001. 

 K. Senthila and M. Kanehira , “ Fabrication of superhydrophobic vanadium pentoxide 

nanowires surface by chemical modification”, J. Applied Surface Sci., Vol.258 ,pp 

(7455– 7459),Dep. of Chemical Eng., Pohang university, Korea, 2012. 

 - M.  Al-Mudhaffer, “Optical properties, inter band transition strength and the surface, 

volume energy loss function of titanium dioxide film”, journal of basrah researches 

((sciences)) Vol. 36, No. 6,   Uni. of Basrah,Iraq,2010. 

 M.  Mahdi1 “ Structural and optical properties of chemical deposition cds thin films”, int. 

j. Nanoelectronics and materials ,Vol. 2 ,pp (163-172), Phy. Dep., college of Sci., Al-

Mustanseriya Uni., Iraq.2009. 

 M. N. ESFAHANI,” Silver doped TiO2nanostructure composite photocatalyst film 

synthesized by sol-gel spin and dip coating technique on glass”,International Journal of 

photo energy, Vol.5, 2008. 

 M.Z. OBIDA," Nanocrystalline anatase titania thin films synthesized by spray pyrolysis 

for gas detection", EGYPT. J. SOLIDS, VOL. (28), No. (1), PP 35-51,2005. 

 -S.H. LEE, M. KANG, S. M. CHO, “Synthesis of TiO2photocatalyst thin film by 

solvothermal method with a small amount of water and its photocatalytic performance,” 

journal of photochemistry and photobiology, Vol. 146, No. 1-2, PP. 121–128, 2001. 

 W.A. Seattle,” Fabrication  and  Li
+
 intercalation properties of V2O5- TiO2 composite 

nanorod arrays”, Materials Science and Engineering, Uni. of Washington, USA,2006. 

 -W. Gulbinski , T. Suszko and D. Pailharey, High load AFM friction and wear 

experiments on V2O5 thin films, Wear 254 (988–993), 2003. 

 X.Ding and Z. Wang  , “A Facile and large-area fabrication  method of superhydrophobic 

self-cleaning  fluorinated polysiloxane/ TiO2nanocomposite coatings with long-term  

durability”,Journal of  dynamic  materials chemistry ,Vol. 21,pp (6161-

6164),March,2011. 



Journal  of Engineering Volume   22  February  2016 Number 2 
 

 

833 



 Z. Zhang ,Y. Gao and H. Luo, Solution-based fabrication of vanadium dioxide on F:SnO2 

substrates with largely enhanced thermochromism and low-emissivity for energy-saving 

applications, Energy Environ. Sci., July 2011. 

 

 

 
 

Figure (1) Particle size for V2O5. 

 

 
 

Figure (2) Particle size for TiO2. 

 

Table 1. Ratio of mixing powder materials according to weight percentage. 

 

E D C B A 

 

Sample 

symbol 

0%TiO+ 

100%V2O5 

25%TiO2+ 

75%V2O5 

50%TiO2+ 

50%V2O5 

75%TiO2+ 

25%V2O5 

100%TiO2+ 

0%V2O5 
Composition 
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Figure 3. System for process 

 

 
Figure 4. Contact angle apparatus 

 

   
Figure 5. Droplet on the sample     Figure 6. UV-VIS spectrometer device  
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Figure. 7. Effect of V2O5 wt% on contact angle results before exposure to weathering and 

deposition angle. 

 

 
Figure 8. Effect of V2O5 wt% on contact angle results before exposure to weathering and 

deposition angle. 

 

 
Figure 9. Effect of weathering condition on contact angle for (50% TiO2,50%V2O5)  results 

after exposure to 4 months weather condition, and deposition angle. 
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a:(100%TiO2,0%V2O5)               b:(75% TiO2,25 %V2O5) 

 
c:(50% TiO2, 50%V2O5)      d: ( 25% TiO2, 75%V2O5). 

 

 
e: ( 0 % TiO2, 100 %V2O5) 

 

Figure 10. Effect of wave length and deposition angle on optical transmittance of thin film  at 

different concentration. 
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ABSTRACT 

In this study, a three dimensional finite element analysis was utilized to study the behavior of 

reinforced concrete T-girders with and without web openings under pure torsion by using 

ANSYS APDL 15.0 program. Fourteen reinforce concrete T- girders were analyzed; one of the 

girders (without web openings) was modeled as a control girder. The analysis variables 

considered for the other girders are: size, shape, position of web openings, number of web 

openings and the method was used to strengthen the member at openings, (using internal 

deformed steel bars as in the case where the openings are planned before casting the girders). To 

study the general behavior of finite element models, torque-angle of twist plots at the end of the 

span near the loaded arms were represented. From this relation, it was showed a decreasing in 

the strength of the T-girders with web openings under the torsional loads and increasing of the 

angle of twist. The results were analyzed in terms of torque twist characteristics; ultimate torque, 

crack patterns, crack width, warping and stresses. These terms were presented and a comparison 

between the finite element results was made. 

Keywords: finite element analysis, torsion, reinforced concrete, web opening, girder. 

 

 ت وترةفتحا على مسلحة حاوٌةالخرسانٍة اللأعتاب لمقاومة اللً 
 

 زٌنة مثنى شنشل                                                                                   د.مهنذ حسٍن الشراوي                        
                   جاٍعت بغذاد -اىَذُّتقسٌ اىهْذست د                                                                    جاٍعت بغذا -اىَذُّتقسٌ اىهْذست 

 

 الخلاصة

بذوُ فخحاث عخباث فخحاث و اىحاوَت عيً Tت اىَسيحت ىعخباث بشنو ُاىخشساّ اىعخباث حٌ ٍِ خلاه هزا اىبحث دساست سيىك

حَج َّزجت اىعخباث بأسخخذاً طشَقت اىعْاصش اىَحذدة ىَْارج راث ابعاد ثلاثُت بأسخخذاً بشّاٍج  ;اىصشفححج حأثُش عضً اىيٍ 

ANSYS APDL 15.0 حٌ  حُث ٌعشش َّىرج احذها بذوُ فخحه واىزٌ َعخبش اىَْىرج اىَصذس اسبعت، حُث حٌ ححيُو

عه. اىَخغُشاث اىخٍ حٌ اسخخذاٍها عْذ دساست اىَقاسّت ٍع ااىَْارج الأخشي هٍ: حجٌ وشنو وٍىقع بقُت اىَْارج ٍ ّخائج ٍقاسّت

لأجو دساست و وعذد اىفخحاث اىَسخخذٍت وطشَقت حقىَت اىفخحاث اىخٍ حخٌ بأسخخذاً حسيُح داخيٍ حىه اىفخحاث عْذ اىخصٌَُ.

حٌ  واىخٍرج واىَصََت بطشَقت اىعْاصش اىَحذدة, ماىعلاقت بُِ عضً اىيٍ اىصشف وصاوَت الأىخىاء اَْباىاىعلاقاث اىَخعيقت 

, وبشنو عاً وٍِ خلاه هزة اىذساست وجذ حْاقص فٍ اىزٌ َسيظ عيُه الأحَاهعْذ ّهاَت ٍقطع اىعخبت اىقشَبت ٍِ اىزساع  قُاسها

دساست ّخائج حساب  ج اَضاحَ و. ت عضً الأىخىاء عْذ وجىد اىفخحاثصاوٍَقذاس ٍقاوٍت اىعخباث ىعضوً اىيٍ اىصشف وصَادة فٍ 

 بُْها. فَُاٍقاسّت  اجشاءداث وحٌ ااقصً عضً اىخىاء وشنو وسَل اىخشققاث ودساست الأّحْاءاث والأجه

 

 اىعخباث. اىعْاصش اىَحذدة, عضً الأىخىاء, اىخشساّت اىَسيحت, اىفخحاث,كلمات المفتاح:
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1. INTRODUCTION 

In current buildings construction, a transverse opening in reinforced concrete (RC) beam is often 

presented for the passage of utility pipes and ducts. These pipes or ducts are requisite to 

accommodate with fundamental services such as air-conditionings, electricity, water supplies, 

computer networks, and telephone wires, Ahmed, et al., 2012. The passing of these ducts 

through the openings in the RC floor beams eliminates a significant amount of dead space and 

results in a more economical and compact design, AL-Shaarbaf, et al., 2007.  

The effects of an opening on the RC beam behavior and strength must be considered; including 

transverse openings in the web of a RC beam induces high stress concentration at opening 

corners, alters the simple beam behavior to a more complex one and reduces beam stiffness. 

While providing a large opening, the effects on service and ultimate load behaviors of the beam 

must be properly accounted for in the design, AL-Shaarbaf, et al., 2007. An opening in a RC 

beam creates discontinuity in the stresses normal flow, this leads to early cracking of concrete 

due to stress concentration at edges of the opening. To avoid this, special reinforcement 

enclosing the opening should be provided in the form of internal or external reinforcement. 

Internal reinforcements are steel bars provided along with the main reinforcements during 

casting. External reinforcements are applied externally around opening in the form of jacketing 

of composite materials like glass fiber or carbon fiber reinforced polymer called GFRP or CFRP, 

Venugopal, 2014. 

 

2. BACKGROUND 

Daniel and McMullen, 1977, presented in their paper a method for predicting the torsional 

strength of a concrete beam that contains an opening and is reinforced both longitudinal and 

transversely. Sixteen beams were tested of which two did not have an opening (solid beams). 

The other beams contained an opening that was placed symmetrically except in B47 and B48 

with unsymmetrically position of opening. All specimens were subjected to pure torque at their 

solid ends. The load was applied in increments and after the application of each increment of 

load, the strains, rotations, and deflections were recorded and the cracks were marked. 

McMullen and Daniel, 1975, displayed equations for predicting the torsional strength of RC 

beams that contain openings to be used as service ducts. The results were compared with the test 

results of 29 concrete beams. The strength of beams containing a small opening can be larger 

than the strength predicted by the theory because the spiral crack extends into the solid portion of 

the reinforced concrete beam. Although, all the tested beams were subjected to pure torsion, the 

analysis includes the moment and the shear due to self weight of the RC beam and thus can 

easily be outspread to include members supporting external loads that cause bending and shear. 

Venugopal, 2014, tested eleven beams of the same dimensions. Beams were divided into two 

series. The first series was cast with circular opening whereas the second was cast with 

rectangular openings of the same cross sectional area. One beam without web openings was also 

casted and treated as control beam. Each series consisted of five beams; the first beam had a 

centrally located single opening and the remaining four were cast with two symmetrically 
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located openings. The other three beams with two openings of both series were retrofitted with 

bi-directional GFRP fabric.  

Fawzy et al, 2014, studied the use of externally bonded fiber reinforced polymers to strengthen 

concrete beams with a large web opening subjected to pure torsion. An experimental work was 

carried out to investigate the torsional behavior up to failure of nine RC beams having the same 

dimensions and reinforcement. One of them is solid without opening as a reference beam and 

one of the remaining eight beams was tested without any strengthening and seven beams were 

strengthened with carbon fiber reinforced polymer (CFRP) with different schemes. The major 

parameter included in this study was the strengthening effect of different schemes of CFRP 

sheets on behavior of RC beams with a large web opening under pure torsion.  

 

3. OBJECTIVE 

The research investigation aimed to study the behavior and strength of a reinforced concrete T-

girder with and without a web opening under pure torsion, using ANSYS APDL 15.0 Program. 

The major variables of the study were the number, size, shape, position of web openings along 

the span and the reinforcement around openings. During the static analysis, the variables 

measured for each T-girder were torque versus angle of twist values at the free end of the girder 

near the loading arm on both concrete and steel, crack pattern, crack width, warping and stresses. 

 

4. VERIFICATION OF THE FINITE ELEMENT IDEALIZATION 

The validity and accuracy of finite element idealization were studied and checked by analyzing 

reinforced concrete beam (B1) that tested experimentally by Mansur et al. 1983a as shown in 

Fig.1b. The aim of the comparison is to ensure that the elements, material properties and 

convergence criteria are adequate to model the response of the beams and to be sure that the 

simulation process is correct. The concrete beam was modeled using 8-node brick elements 

(Solid 65). The reinforcing bars were modeled using 2-node element (Link 180). The loading 

arm and the steel plates were modeled using (Solid 45) elements, as shown in Fig.1a. Due to the 

nature of the torsional problem, where there are out-of-plane as well as in-plane forces, the 

model is generated with mainly three dimensional elements. A square or rectangular mesh is 

recommended and the total number of nodes equals 3223 while the total number of elements 

equals 3615. The shear transfer coefficients for closed and open cracks of values 0.6 and 0.7, 

respectively after several of trails. Convergence criteria was set as (U = 0.05) and the Norm was 

infinite. 

 

4.1. RESULTS OF FINITE ELEMENT VERIFICATION MODEL 

Fig.2 represents the relationship between the torque and the angle of twist, and revealed that the 

general behavior for the tested beams in torsion is well established by the adopted numerical 

model. The analytical results show that the prediction of the ultimate torque capacity of the beam 

was close to the experimental result; while the prediction of angle of twist was smaller than the 

experimental result by 24%. 
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5. FINITE ELEMENT IDEALIZATION OF THE T-GIRDER 

The (Solid65) element was used to model the concrete and (Link180) element was used to model 

steel reinforcement, while the (Solid45) element is used for modeling the steel plates at the 

supports and steel arms. Fourteen reinforced concrete T-girders were modeled, details are given 

in Table 1. The (Solid65) element requires linear isotropic and multi-linear isotropic material 

properties to properly model concrete. The modulus of elasticity of the concrete, (EX = 23500 

MPa) and Poisson’s ratio is taken as (0.2). The uniaxial cracking stress is based upon the 

modulus of rupture which was (fr =3.1). The uniaxial crushing stress in this model was based on 

the uniaxial unconfined compressive strength (   = 25 MPa). For the (Link180) element, the 

bilinear model requires the yield stress (   = 400 MPa) for longitudinal and stirrups 

reinforcement, as well as the hardening modulus of steel to be defined as zero. Elastic modulus is 

defined as (EX = 200000 MPa) and Poisson’s ratio PRXY as (0.3). For the (Solid45) element, 

the element was modeled as a linear isotropic element with a modulus of elasticity for the steel 

as (EX =200000 MPa) and Poisson’s ratio PRXY as (0.3). 

 

5.1 Dimensions and Details of T-Girder  

Dimensions of the tested T- Girders are: length of girder is 20000 mm, width of flange is 1000 

mm, thickness of flange is 200 mm, width of web is 400 mm and depth of web is 1200 mm. A 

concrete cover of 40 mm was used in the web of the T-girder and 25 mm in the flange, see Fig.3. 

Dimensions of the steel arms are (500×200×500) mm from the flange, (500×1200×800) mm 

from the web and for the steel plates are (500×50×400) mm. Diameter of circular openings is 

400 mm and 600 mm which equals about % 33.3 and % 50 of the depth of web; the depth of the 

rectangular and square web openings was % 33.3 and % 30 of the depth of web. The T-girders 

were reinforced with 9∅36 mm deformed bars as flexural reinforcement. The shear 

reinforcement (stirrups) was ∅12 mm deformed bars at 250 mm c/c. Bars of ∅12 mm deformed 

bars at 500 mm c/c were used as horizontal and longitudinal reinforcements for the flange of the 

T-girder. This reinforcement was used for all T-girders that were with unstrengthened openings 

except girder (G8) and (G13). T-girder (G8) was strengthened with pre-fabricated internal 

deformed steel bars (additional reinforcements around opening) consisting of 8∅12 mm diagonal 

bars around the openings, 4∅12 mm horizontal bars above and below the openings and 

concentrated stirrups ∅12 mm above and below the opening at 50 mm c/c. The additional 

reinforcement for (G13) increased near the opening greater than the additional reinforcement in 

(G8). Fig.4 shows model of the specimens. The shear transfer coefficients for open and closed 

cracks of values 0.3 and 0.5, respectively. Convergence criteria were set as default and the Norm 

was L2. 

 

5.2 Modeling of the T-Girder 

Full T-girders were used in modeling with proper boundary conditions. The concrete, steel plates 

and steel arms of the T-girders were modeled as volumes. It should be noted that for specimens 
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(CG, G1 to G13), some modification of dimensions was made due to geometric constraints from 

the some elements in the models, i.e. meshing of concrete elements and steel rebar locations. 

 

5.3 Meshing of the T-Girder 

The use of a square or rectangular mesh is recommended to obtain good results from the Solid65 

element, Jindal, 2012, and Wolanski, 2004, and using a tetrahedron mesh around the web 

openings as shown in Fig.5 except T-girder (G3), (G8) and (G13), using a square or rectangular 

mesh for all. No mesh of the steel reinforcement is needed because individual elements were 

created in the modeling through the nodes created by the mesh of the concrete volumes as shown 

in Fig.7. The command 'merge items' is used to merge separate entities that have the same 

location. 

 

5.4 Loading and Boundary Conditions  

The analyzed T-girder was supported at a distance of 1.0 m from the ends on cylindrical 

bearings. These bearings permitted free torsional rotation at the supports as shown in Fig.6. A 

loading arm was attached to the T-girder at each support. The load was applied to one of the 

loading arms while the other loading arm was held in position in ux, uy, uz directions. The 

ultimate torsional strength for the control girder was 163.5025 kN.m. 

 

5.5 Parametric Study 

In order to investigate the effects of most important parameters affecting the torsional capacity of 

RC T-girders with web openings, a parametric study have been carried out in this study, these 

parameters include: 

1- Shape of the openings. 

2- Size of the openings. 

3- Number of the openings. 

4- Position of the openings. 

5- Strengthen of the openings. 

 

5.6 Results and Discussion 

The general relationship between torque and angle of twist is such that, initially linear elastic 

behavior at a low loading stage was observed, the load gradually increased up to failure. Finite 

element analysis, using ANSYS program, was used to simulate concrete T-girders with and 

without single and multiple web openings. The general behaviors of the modeled girders were 

represented by the torque-angle of twist plots at the end of the span near the loaded arms showed 

a decreasing in the ultimate torsional strength of the T-girders due to introducing openings in the 

web, using the same longitudinal and transverse reinforcements except T-girders (G8) and (G13) 

as shown in Fig.9 to Fig.21. 

It has been found for T-girder which casted from ordinary concrete, when the diameter of 

opening increased, the reduction of ultimate strength increased and the pattern of cracking, as 

well as mode of failure of the T-girder changed. The depth of the opening with 30%, 33.3% and 
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50% of the overall depth of the web of the T-girder had an effect on decreasing the ultimate 

torsional strength of the T-girder and the depth of web opening had a greater effect than the 

effect of the length of web openings. 

Concerning the effect of the shape of the web openings, it was found that there was difference 

between circular, square and rectangular web openings, the effect of square and rectangular web 

openings were decreasing the ultimate torsional strength greater than the circular web openings. 

The location of the web opening in the center of the web of the T-girder has a larger effect than 

the position near the end of the T-girder span. The changing of the eccentricity of the web 

openings showed a decreasing in the ultimate torsional strength of the T-girders for (G7) with % 

3.31, while the eccentricity of the web openings showed a decreasing in the ultimate torsional 

strength of the T-girders for (G9) with % 6.92. This shows that the effect of the eccentricity of 

the web opening near the flange was less than the effect of the eccentricity of the web opening 

near the bottom of the web; the flange of T-girder elements loaded with pure torsional had a 

beneficial effect on their load capacity. The eccentricity of the web opening at the center of the 

T-girder (G1) has a decreasing of % 3.980 of the ultimate torsional strength. 

The number of web openings reduced the torsional strength as it increased. The reduction in 

ultimate torsional load of (G1) with one circular opening was % 3.980 while for (G5 and G11) 

with two circular openings was % 5.693 and % 7.868, respectively. For (G12) with four circular 

openings, the reduction in ultimate torsional load was % 5.000. The different between the results 

of the above T-Girders was the effect of position of web openings besides the effect of the 

number of web openings. 

The application of strengthening arrangement presented in this research for T-girder (G8) and 

(G13) with square web opening had an effect on the T-girder deflection, controls cracks around 

openings, and decreased the ultimate capacities of the girder by about % 7.657 and % 1.440, 

respectively. 

The warping for T-girder without web openings was less than warping of the T-girder with web 

opening at some position and was greater at other position while the warping near the opening 

was greater than the warping near the loaded arms. The angle of twist was increased when there 

was a web opening. 

The crack first appeared with spiral view near the opening with an angle of 45° and then 

extended to the top of the flange and for the entire web of the T-girder with the same angle; the 

extended cracks greatly increased in the beginning near the bottom of the web than the top of the 

flange. In general, torsional cracks occurred early at mid span for control T-girder, and at the 

opening for other T-girders. Increasing the applied loads induced additional diagonal torsional 

cracks. The crack width increased as the size, number of opening, eccentricity and strength of 

openings increased. 

The maximum stresses appeared around the openings and the lowest stresses appeared at the end 

of the T-girder. Fig.8 shows the deformed shape of the control girder CG. Fig.22 and Fig.23 

show the numerical crack patterns and the numerical XY-shear stress, respectively. Fig.24 shows 
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the numerical stress intensity of the reinforced concrete for (G13) and Table 2 shows the 

summary of numerical torque results. 

  

5.7. Conclusions 

Conclusions drawn from the theoretical work are summarized as follows: 

1- The general behaviors of the modeled girders were represented by the torque-angle of twist 

plots at the end of the span near the loaded arms showed a decreasing in the ultimate torsional 

strength of the T-girders. The depth of web opening had a greater effect than the effect of the 

length of web openings. 

2- Concerning the effect of the shape of the web openings, it was found that there was difference 

between circular, square and rectangular web openings, the effect of square and rectangular web 

openings were decreasing the ultimate torsional strength greater than the circular web openings.  

3- The location of the web opening in the center of the web of the T-girder has a larger effect 

than the position near the end of the T-girder span. The changing of the eccentricity of the web 

openings showed a degreasing in the ultimate torsional strength of the T-girders. The effect of 

the eccentricity of the web opening near the flange was less than the effect of the eccentricity of 

the web opening near the bottom of the web.  

4- The number of web openings reduced the torsional strength as it increased.  

5- The application of strengthening arrangement around web opening had an effect on deflection, 

controls cracks around openings and on decreasing the ultimate torsional capacity of the T-

girder. 

6- The warping for T- girder without web openings was less than warping of the T-girder with 

web opening at some position and was greater at other position while the warping near the 

opening was greater than the warping near the loaded arms.  

7- The angle of twist was increased when there was a web opening. 

8- The crack first appeared with spiral view near the opening with an angle of 45° and then 

extended to the top of the flange and for the entire web of the girder with the same angle; the 

extended cracks greatly increased in the beginning near the bottom of the web than the top of the 

flange. In general, torsional cracks occurred early at mid span for control T-girder, and at the 

opening for other T-girders. The crack width increased as the size, number of opening, 

eccentricity and strength of openings increased. 

9- The maximum stresses appeared around the openings and the lowest stresses appeared at the 

end of the T-girder. 
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Symbols and Abbreviations 

E                        modulus of elasticity of the material. 

f                       stress at any strain 𝜀.  

 𝑐             cylinder compressive strength of concrete, MPa.  

fr                       modulus of rupture.  

fy                       yield stress of tensile reinforcement. 

ANSYS              analysis Systems ( Software ). 

APDL                ANSYS parametric design language. 

CFRP                 carbon fiber reinforced polymer composites. 

FEM                   finite element method. 

GFRP                 glass fiber reinforced polymer composites. 

RC                      reinforced concrete. 

υ                       poisson’s ratio.  

ɵ                        angle of twist from torsion. 

 

 

 

 

 

 

 

 

 

 

Figure 1a.FE idealization of the beam B1. 
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Figure 1b.Test set up and instrumentation of B1. 

 

 

 

 

 

 

 

 

 
 

Figure 2.Numerical torque-twist behavior for beam B1. 

 

 

 

 

 

 

 

 

 

Figure 3a.Top view of the control girder model. 
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b.Steel reinforcement layout of the control T-girder. 

Figure 3.Dimensions and steel reinforcement layout of the control T-girder. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4a.Model program, from CG to G4, G8 and G13. 
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           Figure 4b.Model program G5, G6, G7 and from G9 to G12. 
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Figure 5.Square or rectangular and tetrahedron mesh were used. 

 

 

 

 

 

 

 

 

Figure 6.Loading and boundary conditions of CG used in the analysis. 
 

 

 

 

 

 

 

 

Figure 7.Additional reinforcement of T-girder G13. 
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Figure 8.The deformed shape of the control girder CG. 
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  Figure 11.Torque-twist behavior for G3. 

 

Figure 12.Torque-twist behavior for G4. 

Figure 9.Torque-twist behavior for G1. Figure 10.Torque-twist behavior for G2. 
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         Figure 17.Torque-twist behavior for G9.             Figure 18.Torque-twist behavior for G10. 

Figure 15.Torque-twist behavior for G7 Figure 16.Torque-twist behavior for G8. 

Figure 13.Torque-twist behavior for G5. Figure 14.Torque-twist behavior for G6. 
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Figure 22.Numerical crack patterns around an opening. 
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Figure 21.Torque-twist behavior for G13. 

 

Figure 19.Torque-twist behavior for G11. 

 

Figure 20.Torque-twist behavior for G12. 
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Figure 23.Numerical XY-shear stress patterns for CG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Figure 24.Numerical stress intensity of the reinforced concrete for G13. 
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Table 1.T-girders used in the modeling program. 

Girder Symbol Description 

CG Control T-girder (without web openings) 

G1 
T-Girder with one circular web opening at the center of the T- girder (D = 

400 mm) 

G2 
T-Girder with one circular web openings at 1050mm from the supporting 

end arm of the T-girder (D = 400 mm) 

G3 
T-Girder with one equivalent square web opening at the center of the web 

(L = 360 mm) 

G4 
T-Girder with one circular web opening at the center of the girder (D = 

600 mm). 

G5 
T-Girder with two circular web openings at 1050mm from the two end 

arms of the girder (D = 400 mm.) 

G6 
T-Girder with one rectangular web opening at the center of the web (L = 

500 mm, H = 400 mm). 

G7 
T-Girder with one circular web opening with eccentricity 200 mm above 

the center of the web girder (D = 400 mm). 

G8 
T-Girder with one equivalent square web opening at the center of the web 

(L = 360 mm) strengthen with additional reinforcement. 

G9 
T-Girder with one circular web opening with eccentricity 200 mm under 

the center of the web girder (D = 400 mm). 

G10 
T-Girder with one square web opening at the center of the web (L= 400 

mm). 

G11 
T-Girder with two circular web openings near the center of the web (L= 

400 mm) and the distance between the openings is 1100 mm. 

G12 
T-Girder with four circular web openings near the loaded arms (L= 400 

mm) and the distance between the two adjacent openings is 3100 mm.  

G13 
T-Girder with one equivalent square web opening at the center of the web 

(L = 360 mm) with increasing the additional strengthen reinforcement. 
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Table 2.Summary of numerical torque results. 

Model 

Specimen 

First 

Cracking 

Torque 

(kN.m) 

Ultimate 

Torque (kN.m) 

%Reduction 

in Ultimate 

Torque 

Angle of Twist at 

Failure 

(ɵ in degree) 

CG 125.6450 163.5025 ----- 0.614300 

G1 102.1525 156.9950 % 3.980 0.635273 

G2 125.6450 158.3625 % 3.144 0.612762 

G3 113.205 150.9825 % 7.657 0.614229 

G4 102.1525 150.6600 % 7.854 0.623128 

G5 125.6450 154.1950 % 5.693 0.630033 

G6 121.3725 149.4750 % 8.579 0.620090 

G7 102.1525 158.0925 % 3.310 0.677114 

G8 103.9025 151.5700 % 7.298 0.609854 

G9 113.2050 152.1772 % 6.927 0.613281 

G10 82.9300 153.0050 % 6.420 0.626393 

G11 100.230 150.6375 % 7.868 0.816267 

G12 102.1525 155.2725 % 5.000 0.799121 

G13 107.7950 161.1500 % 1.440 0.681792 
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 الصدٌقة للبٌئة ة الاٌكولوجٌةنٌالمد 

 

                               

 الخلاصة

القلٌلة الماضٌة تغٌراً واضحاً فً خارطة الوجود الحضري, حٌث أزداد عدد سكان المدن و شَهدَ العالم خلال العقود       

توسعت رقعتها الجغرافٌة وأنتشرت شبكات الطرق الرصاصٌة و محطات تولٌد الطاقة الكهربائٌة. تسببت هذهِ الظواهر 

. إستهلاك الطاقة و المواد الاولٌةفً مجال  صبح عالم ٌتسابق مع نفسهِ لٌ, الاستثنائٌة فً رسم هوٌة مغاٌرة للعالم الحالً

الاٌكولوجً  المتوفرة بخصوص موضوع التخطٌط و التصمٌم الحضري تركزت مشكلة البحث العامة فً قلة الدراسات

الى  من ثم الاٌكولوجٌة الصدٌقة للبٌئة و ةنٌمقومات بنٌة المد حدٌدبشكل عام الى ت. بالتالً ٌهدف البحث الصدٌق للبٌئة

أن تطوٌر التجمعات الحضرٌة  فً ضوء ذلك . ٌفترض البحثٌة لتلك المقوماتس  التخطٌطٌة و التصمٌمالأٌح أهم توض

ٌعتمد على إٌجاد بنٌة حضرٌة متكاملة قائمة على عدد  الطبٌعٌة الحالٌة و المستقبلٌة نحو تجمعات أٌكولوجٌة صدٌقة للبٌئة

 فات الانظمة الاٌكولوجٌة فً تلك البٌئة الطبٌعٌة.من الاس  و المعاٌٌر المستلهمة فً الاسا  من ص

  ., التنطٌق الاٌكولوجً الوظٌفًالبٌئة الطبٌعٌة, التحضر, النظام الاٌكولوجً, الحضرٌة ستتدامةالإ :الكلمات المفتاحٌة

 Environment Friendly Eco - City 

 

 

ABSTRACT 

      The World witnessed over the past few decades a clear change in the urban existence 

map, where the number of cities' residents has increased and the cities geographic area 

expanded, also networks of roads and electric power stations were spread. This extraordinary 

events caused the drawing of a different identity to the world, race with itself in the field of 

energy and raw materials consumption. Therefore, the research issue individualizes in the lack 

of available knowledge concerning the subject of environment friendly ecological urban 

desiging and planning.So the research aims to define the environmentally friendly eco-city' 

structural elements and to clarify their most important planning and design foundations. To 

Investigative this goal the research has assumed that "the human urban agglomerations' 

development towards environment friendly ecological ones would depend on finding a 

complete urban structure grounded on a numbers of foundations and standards which are 

basically inspired from the qualities of systems in such natural environment". 

Key words : urban sustainability, Natural environment, urbanism, ecological system, 

functional ecological zoning . 
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  ـــةمدقالمـــ

توجهت الإدارات التخطٌطٌة الحضرٌة لعددٍ كبٌرٍ من أكثر دول العالم تقدماً عمرانٌاً و إقتصادٌاً نحو التأكٌد على       

ضرورة إعتماد مفاهٌم الإنشاء الحضري الصدٌق للبٌئة كأسا  فً إنتاج مدن المستقبل التً تضمن حق الانسان و 

ٌُعد طرح المدٌنة الاٌكولوجٌة الصدٌقة للبٌئة أحد التوجهات العمرانٌة  الطبٌعة على السواء فً الاستمرار و البقاء.

لذا فأن البحث الحالً ٌهدف الى المستدامة و ذلك على مستوى التصمٌم و التخطٌط الحضري للمستوطنات البشرٌة.  

التصمٌمٌة المعتمدة على الاٌكولوجٌة الصدٌقة للبٌئة و الى توضٌح أهم أسسها التخطٌطٌة و  ةنٌمقومات بنٌة المد حدٌدت

علمً وصفً تحلٌلً تتطور بنٌتهُ العامة وتتقدم مع ما تتوصل الٌه ِ ، و ذلك بإعتماد منهج مبادىء الاٌكولوجٌا الحضرٌة

 نصوصهُ من حقائق وإستنتاجات مرحلٌة.

 طٌط المدٌنة الحدٌثةتخ تالمشكلات البٌئٌة التً واجه -1

فً نهاٌات القرن التاسع  الثورة الصناعٌة النفطٌة بعد قٌام تة التً ظهرنٌالحدٌثة هً المد ةنٌو المقصود هنا بالمد      

جدٌداً, فلم ٌعدّ الإمتداد الافقً هو الدلالة  تكوٌناً  بُعداً  بعد هذهِ الثورة ةنٌأمتلكت المد إذ عشر و بداٌة القرن العشرٌن.

 ةنٌ, إذ أمتلكت المدلها ابقٌن هو الوحدة الأساسٌةابق واحد او طولم ٌعدّ المسكن المكون من ط هاوتوسع هاالوحٌدة لنمو

 قٌام قد أمتدت مقاٌٌ  المدٌنة بعدوو ألانفاق تحت الارضٌة نزولاً.  بعداً عمودٌاً جدٌداً تمثل بناطحات السحاب صعوداً,

ٌة تحت الارضٌة التً الثورة الصناعٌة النفطٌة لتحتوي الحجم فضلاً عن المساحة حٌث ظهرت بعض المستوٌات الرأس

 .Shane D.G) الكثٌر غٌرهاأنفاق السٌر و الحركة وأحتوت على وظائف مهمة وحٌوٌة, مثل البنى التحتٌة الخدمٌة و

,2011,pp217-219)ٌُعرف الٌوم عالمٌا  ٌنةالمد ت. أستمر فً النمو المضطرد وبالإتجاهٌن الافقً والعمودي لٌكونا معاً ما 

. FIG REPORT,2010,p21)) ملٌون( نسمة10عدد سكإنّها عن ) (, وهً المدن التً ٌزدادMega-cities -بـ)المدن العملاقة 

بعد قٌام الثورة الصناعٌة ولا سٌما النفطٌة منها بثلاث  ةنٌالتً واجهت تخطٌط المد البٌئٌة المشكلاتأهم ٌمكن إٌجاز  و

 وهً كما ٌأتً : مشكلات أساسٌة,

 & .Rees W   ( زٌادة حركات الهجرة وإندفاع سكان الارٌاف بأتجاه مراكز المدن ظاهرة بها و المقصودظاهرة التحضر: أ( 

 Wackernagel M. ,1996, p223) .نصف عدد سكان  نحوأي  2007عام البلٌون( نسمة فً  3.3بلغ عدد سكان المدن ) لقد

   .(Head P. & Lam D. ,2011, p18) 2050فً عام بلٌون( نسمة  6.4المتوقع أن ٌتضاعف هذا العدد وصولاً الى ) , ومنالعالم

إرتبط مع الإرتفاع الهائل فً عدد سكان المدن ومع التطور الكبٌر الحادث فً :  الطاقة الناضبة مصادر إستتهلاكب( 

قدرة النظم من  (2 - 1) نسبة الانماط الحٌاتٌة المعاشة إرتفاعاً كبٌراً فً معدلات إستهلاك المدن للطاقة التً باتت تتجاوز

  .(Grimm N. ,2010 ,p12)فٌها  على دعم الإنسانضمن مواقعها  وجودةة المطبٌعٌال

و  ,درجة مئوٌة(0.74اً فً درجة حرارة الارض بنحو )إرتفاعشهد القرن العشرٌن بمفردهِ لقد  ج( التغٌٌر المناخً :

اً فً مناسٌب مٌاه البحر والمحٌطات إرتفاعو  ,الحامضٌةاً فً الامطار إزدٌادو ,%(40ضعفاً فً الغطاء الجلٌدي بنسبة )

 البٌئة تُعانٌهومن هذه الارقام ٌمكن تخٌل الضغط الكبٌر الذي  .( Berthold J. &  Wetterwik M. ,2013, P4 ,P2) سم ( 17نحو )

 .و نتاجاتهِ الحضرٌة نسانالإ نشطةبسبب التطور الصناعً والتقنً لأ ؛ة حالٌاً ٌالطبٌع
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   ات و أهدافالمدٌنة الاٌكولوجٌة ..... مصطلح -2

أكدت معظمها على التكامل بٌن جمٌع  (المدٌنة الاٌكولوجٌة)ظهرت مجموعة واسعة من التعارٌف الشاملة لمعنى       

هم هذه أ. كان أحد مة الحضرٌة(الاستدا)وبما ٌحقق مبدأ  ,جوانب الحٌاة فً المدٌنة بما لا ٌضر بالبٌئة الطبٌعٌة المحٌطة

ٌُعدّ  (Ecocity  Buildersالتعارٌف هو التعرٌف الذي قدمتهَ منظمة ) حاً فً تحدٌد أهداف ووض الاكثر شمولاً و الذي 

التخطٌط الحضري الاٌكولوجً الاولى فً مجال  عدّ عرفت هذه المنظمة التً تُ  فقد ٌجاد المدٌنة الاٌكولوجٌة.اوغاٌات 

نموذج الاكتفاء الذاتً والهٌاكل المرنة إها " مستوطنة بشرٌة مصممة على على أنّ  2009فً العام المدٌنة الاٌكولوجٌة 

ستهلاك االراحة الصحٌة لساكنٌها بدون  هذهِ المستوطنة توفر , حٌثواحتواء وظائف الانظمة الاٌكولوجٌة الطبٌعٌة

تستوعب, وبدون أن تصبح سامة  وبدون أنتاج النفاٌات أكثر مما ٌمكن أن ,الطاقات المتجددة أكثر مما ٌمكن أن تنتج

عن الانماط الكوكبٌة الداعمة  هذهِ المدٌنة و للانظمة الاٌكولوجٌة المجاورة لها. ٌعبر التأثٌر الاٌكولوجً لساكنًألنفسها 

 .Ecocity builder org)كما ٌعبر نظامها الاجتماعً عن المبادىء الاساسٌة للنزاهة والعدالة والانصاف المعقول "  ,للحٌاة

,2009,p8 ). 

 ,( & hardware (Software ن " الاستدامة تمتلك أجهزة صلبة وبرمجٌاتا Tim Smith)ٌقول الباحث )       

تشكل  فً حٌن ,(hardwareوأن البٌئة المبنٌة والحدائق وكل الاشٌاء التً ٌمكن لمسها هً جزء من الاجهزة )

رأ  المال والمعلومات خلال المدن  الموارد و تدفقات الطاقة وحرك ( شبكة الانظمة التً تُ softwareالبرمجٌات )

. (Smith T.,2009,p1)أو ما ٌمكن أن تكون "  (المدٌنة الاٌكولوجٌة)أن التقارب بٌن هذٌن الامرٌن هو فً الواقع  , ووالاقالٌم

طبٌعٌة؛ غٌر ضار ببٌئته  ال وجود حضري مرٌح لستاكنٌه  تأمٌن "  أنّهاعلى  (لمدٌنة الاٌكولوجٌة)ابذلك ٌمكن تعرٌف  و

وبما لاٌضرها او ٌستتهلك  ,عن طرٌق تحدٌد معدلات تشغٌلهُ بما لاٌتجاوز قدرة موقعه  الطبٌعٌة على دعمه  الحٌوي وذلك

 تشغٌلهاأٌجاد هذه  المدٌنة توظٌف فكرة  أستاس خطوات تضمنٌمكونات أنظمتها الاٌكولوجٌة الحٌوٌة وغٌر الحٌوٌة . 

ً الطبٌعة المدٌنة الاٌكولوجٌة هً مدٌنة تحافظ على الانظمة الاٌكولوجٌة فن "اأي  ,"ذاتً ومرننظام أٌكولوجً ك

 ".وتعمل بنفس مٌكانٌكتها

 الفلستفة التخطٌطٌة العامة للمدٌنة الاٌكولوجٌة -3

 خاصةً  تخطٌطٌةً  فلسفةً  المذكورة أنفاً وفً حل المشكلات البٌئٌة  العامة تعتمد المدٌنة الاٌكولوجٌة فً تحقٌق أهدافها      

فً  من حٌث الفكر والطرٌقة محاكاتهاومن ثم محاولة  ,على فهم مٌكانٌكٌة عمل الانظمة الاٌكولوجٌة الطبٌعٌة ؤكدت

كل ما تحتوٌه قطعة أرض مهما كان هو  (النظام الاٌكولوجً)علماً أن  (. (Williams D.E.,2007 عملٌات التخطٌط الحضري

و بٌنها وبٌن ما ٌحٌط بها من أحجمها من العناصر الحٌة وغٌر الحٌة فضلاً عما تشملهُ من تفاعلات وعملٌات تتم داخلها 

                                                           
   منظمة(Ecocity  Builders)  ًمنظمة مروجة لمبادىء الاٌكولوجٌا الحضرٌة أسسها المعماري الامرٌك :((Richard Register   ًف
وقد ستراتٌجٌات تطبٌقها.  و (المدٌنة الاٌكولوجٌة)أدارت هذه المنظمة شبكة دولٌة من الموتمرات العلمٌة المتحورة بخصوص  , حٌث 1992عام 

مكانٌة مشاركة الخبرات إعن  فضلاً  ,على أصول التصمٌم الحضري الاٌكولوجً المنسجم مع الطبٌعة وفرت هذه المؤتمرات فرصاً حقٌقٌة للتعرف
 ( .Register R.,2007, pp239-240, pp 2-1) العالمحول لافضل الاكتشافات البٌئٌة 

  - : Tim Smith ( رئٌ  جمعٌةSERA الامرٌكٌة للمهندسٌن المعمارٌن  ومخطط معتمد ومهند  مشهور )( عاماً من 30لأكثر من )
العدٌد من المهام منها: تدرٌسهُ التخطٌط والتصمٌم فً عدد من الجامعات, وتقدٌمهُ لمحاضرات عدة عن مدن Smith) الخبرة المهنٌة . ٌتبوء )

حاصل على العدٌد من (, وتنشٌط القرى القائمة وزٌادة دٌمومتها ,كما أنهُ  TOD- transport oriented developmentالاستدامة النقلٌة )
 الجوائز عن نشاطهِ فً مجال النمو الذكً للمدٌنة الحدٌثة.

http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Daniel+E.+Williams


Journal of Engineering Volume   22  February  2016 Number 2 
 

 

4 

 

نموذجاً ٌوضح سلوك الانظمة إ (Howard T. Odemقدم المفكر الاٌكولوجً ) .(Grimm N.,2010,p3,p2) بٌئة خارجٌة

بٌن مكونات النظام وبٌن المنتجٌن  و تدفقات الطاقة والموادبٌن  ةعلاقالة عن طرٌق  توضٌح ٌالاٌكولوجٌة الطبٌع

غٌٌر مكانٌة تغٌٌر العلاقة بٌن مكونات النظام الاٌكولوجً عن طرٌق تإنموذج على هذا الإ. أكد ضمنها والمستهلكٌن

( هذا على إدراك مٌكانٌكٌة العمل ضمن النظام Odem. ٌساعد إنموذج ) (1)شكل ات بٌنهاالارتباطات والتدفق

الاٌكولوجً الطبٌعً؛ لانهُ ٌشرح العلاقات والارتباطات البسٌطة و الاساسٌة بٌن الطاقات الطبٌعٌة و الموارد المتجددة, و 

فإنّ هذا الإنموذج ٌشرح و ٌحدد الفرص والعلاقات التً  بما أن تحقٌق الاستدامة ٌرتبط باستخدام الموارد المحلٌة المتجددة,

 .(Williams D.E., 2007,p3,p1 ) (2)شكلالاٌكولوجٌة  اللازمة لتحقٌق الاستدامة الحضرٌة تحتاج الى عملٌات التصمٌم البٌنٌة

على جمٌع التدفقات داخل الانظمة  (الاستدامة)دراك سٌطرة مبدأ إنموذج الى تؤدي الملاحظة المستمرة لهذا الإ

وذلك لانها تُعدّ المصدر الرئٌ  للطاقة  ؛حٌث تنتج هذهِ الاستدامة من الشم  بالدرجة الاولى ,الاٌكولوجٌة الطبٌعٌة

تمد فلسفة تخطٌط تعتنتج من تكاملٌة العلاقات بٌن مكونات هذهِ الانظمة .  )الاستدامة( نّ إومن ثم ف ,المتجددة فً الطبٌعة

كجزء من  ٌنةالمد خطٌط وتصمٌمتعملٌات وترجمتهُ بما ٌنطبق مع  (,Odem) نموذجإالمدٌنة الاٌكولوجٌة على فهم 

الفكرة الرئٌسة للمدٌنة الاٌكولوجٌة تعتمد على  نّ إوبذلك ف ,(متكاملاً  اً أٌكولوجٌ ماً المدٌنة نظا عدّ الطبٌعة )أي مع نظرٌة 

بما ٌتشابه مع الطرٌقة المستدامة الموجودة  مكوناتها الاساسٌة و بٌئتها المحٌطة تغٌٌر طرٌقة تدفق المواد والطاقة بٌن

 .ضمن الانظمة الاٌكولوجٌة فً الطبٌعة

 الانظمة الاٌكولوجٌة الطبٌعٌة  3-1

كما أنها  ,و التشبه بها  الناضجة أٌكولوجٌاً  الطبٌعٌة المدٌنة الاٌكولوجٌة على محاكاة النظم البٌئٌة تعتمد فلسفة تشغٌل

هذهِ النظم تتمٌز . (Covington W. & DeBano  F.,1993,p150)تسعى للحفاظ على باقً أنواع النظم البٌئٌة الموجودة فً الموقع 

 : د خصائص المدٌنة الاٌكولوجٌة الصدٌقة للبٌئة ومنها بعدد من الخصائص التً تكون الاسا  فً تحدٌ

 ,عالة نفسها بشكل فعالإ: تستطٌع النظم الاٌكولوجٌة فً الطبٌعة  Healthy (Effective) -الصحة )الفعالٌة(  -1

 & .Newman P)حتٌاجاتها الحٌوٌة اجمٌع  ةتخزٌن ما ٌكفٌها من الطاقة والمواد لتلبٌ لتقاط وإوالبقاء بصحة جٌدة عن طرٌق 

Jennings I., 2008,p95,p3 .) 

: ٌشمل أداء أي نظام أٌكولوجً فً الطبٌعة على وجود حلقات من ردود الفعل (Self-Regulation) التنظٌم الذاتً  -2

 بات والتغٌٌرات المفاجئةالا سٌما بعد حدوث الاضطر ,الطبٌعً والحفاظ على أدائهِ  ,المرتدة التً تساعده على تنظٌم نفسه

على التغٌٌر فً عمل النظام تحفز  ولىالا ,فً البٌئة المحٌطة . تقسم ردود الافعال فً الطبٌعة الى نوعٌن أٌجابٌة وسلبٌة

 ثانٌةفً حٌن أن ال ,وهً السبب الرئٌ  فً حدوث العدٌد من المشكلات البٌئٌة والتغٌٌرات السرٌعة فً العالم ,الاٌكولوجً

بقً الانظمة ضمن ها تُ نّ إولا سٌما  ,ردود الفعل السلبٌة هً أكثر أهمٌة فً التنظٌم الذاتً وبالتالً فأنّ  ,توفر الاستقرار

 . ( Marten G. ,2001,p17-20)حالة من التوازن المستمر 

ها على سلسلة من الدورات حتواءِ االطبٌعٌة ب ة: تتمٌز شبكة النظم الاٌكولوجZero Wasteٌ) عدم أنتاج النفاٌات ) -3

والتً تتمٌز بقدرتها على معالجة النفاٌات الناتجة عنها . ففً  ,المتاحة التً توفر المواد الغذائٌة للكائنات الحٌةالبٌولوجٌة 

                                                           
  Howard T. Odem  9009و توفً فً عام  4291: هو هوارد توما  اودم، عالم امرٌكً متخصص بالعلوم الاٌكولوجٌة ولد فً عام 

الطاقة  و النظم وإنتاج الاٌكولوجٌا واضٌعمب المرتبطة المجالات من العدٌد من المؤلفات فً كبٌرا إرثا تاركاً 
http://en.wikipedia.org/wiki/Howard_T._Odum)  ). 

 :ًأكرم) جداً ً عال حٌاتً تنوع ذات كالغابات والصحارى وغٌرها , وهً نسانٌةالأ فعالٌاتالب المتأثرة غٌر النظم وهًالنظم الناضجة اٌكولوجٌا 

  .(2,ج15,ص2009, العانً  إٌنا و العكام

http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Daniel+E.+Williams
http://en.wikipedia.org/wiki/Howard_T._Odum
http://en.wikipedia.org/wiki/Howard_T._Odum
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تتغذى على  ىنتاج النفاٌات عن طرٌق الكائنات الحٌة )النباتات والحٌوانات والنا ( إلاّ أنّ هنالك كائنات أخراالطبٌعة ٌتم 

الكائنات فً الطبٌعة تعتمد  نّ إف , ومن ثملانسان الطبٌعٌة واوراق الشجر والجثث المٌتةهذه النفاٌات المتمثلة بمخلفات ا

 .(Newman P. & Jennings I., 2008,p97,p3 )من أٌة نفاٌات ناتجة عنها  تطهٌر النظامفً  و ,على بعضها البعض فً التغذٌة

مما ٌسهل حدوث ردود الافعال  ,الطبٌعٌة باللامركزٌة: ٌتمٌز هٌكل شبكة الانظمة الاٌكولوجٌة (Flexibility)المرونة  -4

 Newman P. & Jennings) بقٌة الانظمة المرتبطة معها فًحدى الانظمة دون أحداث تأثٌرات ٌجابٌة والاستجابات المرنة لأالا

I., 2008,p102,p2 .) 

 طبٌعً دٌنة كنظام أٌكولوجً الم 3-2

عن ها ٌمكن التعبٌر عنو التً نظاماً أٌكولوجٌاً لمنظومة واسعة من المدخلات والمخرجات المتعددة  بوصفهاتمتلك المدٌنة 

عملٌات التبادل المستمرة التً تجري بٌن المدٌنة وأنظمة "نموذج عن هذا الإ ٌعبر, إذ "الاٌض الحضرينموذج " إ طرٌق

 (.Vieiran S"المدٌنة لنظامها الٌومً من الاحتٌاجات والمخلفاتدارة إأي البٌئة المحٌطة بها والتً تعتمد على طرٌقة  ,دعمها

& Bragança L.,2012,p2,p1  ) .  مبادىء التخطٌط الحضري السابقة  الموسع الاٌكولوجً الحضري ٌضالأٌتجاوز مبدأ

الإستهلاكٌة الخام  لٌصل الى مبدأ أكثر  موادالعرض الطبٌعً على ال المعتمدة على دراسة الفروق بٌن الطلب البشري و

قتصادٌة وغٌرها من أنظمة المدٌنة الى معادلة جتماعٌة والسٌاسٌة والإضافة الانظمة البشرٌة والإاشمولٌة ٌعتمد على 

لموجود تفضً حقٌقة عدّ المدٌنة نظاماً أٌكولوجٌاً متكاملاً مشابهاً لذلك ا. Grimm N. ,2010,p4,p1)) رض السابقةالطلب والع

الناضجة  ظمة الطبٌعٌةفً الطبٌعة الى إتصاف هذهِ المدٌنة بعدد من الخصائص المستلهمة فً الاسا  من صفات الان

 :(Su m. &  et al ,2013,p5,p2) أٌكولوجٌاً 

تتمٌز أنظمة الدعم البشرٌة فً المدٌنة الاٌكولوجٌة بالصحة  :Healthy & Harmony) الصحة والانسجام ) -1

 .تة من خدمات الانظمة الاٌكولوجٌةمما ٌمكنها من تقدٌم كمٌة كافٌة وثاب ,والاستدامة

تؤكد المدٌنة الاٌكولوجٌة على ضرورة تغٌٌر أنماط  :High Efficiency & Vigor)) و الفعالٌةالكفاءة العالٌة  -2

التنمٌة المتمٌزة بـ)الاستهلاك العالً( و)الانبعاث العالً( و)التلوث العالً( و)الانتاج المنخفض( الى أنماط تنمٌة أكثر 

تخطٌط  ذلك عن طرٌقوبكفاءة عالٌة  فً المدٌنة الاٌكولوجٌة على سبٌل المثال تُستخدم الطاقة والمواد , حٌثللبٌئةداقة ص

 مع بعضها. منسجمة تعاونٌة ت فً علاقة اجمٌع الصناعات والاداروتصمٌم 

 مواجهة التحدي الحاضر المتمثل فرض شروطت (:Low Carbon Orientationالتوجه منخفض الكاربون ) -3

عن وكذلك  ,زٌادة أنتاجٌة المصادر عن طرٌقبالتغٌٌر المناخً التأكٌد على تنمٌة منخفضة الكاربون التً ٌمكن أن تتضح 

 .صدٌقة مع البٌئة و خلق أعمال و وظائف جدٌدة ,تطوٌر تكنولوجٌا رائدة طرٌق

بدأ التوجٌهً الاسا  فً المدٌنة الم (التنمٌة المستدامة) عدّ ٌؤدي  :(Sustaining Prosperity)الازدهار  ادامة -4

تنمٌة الجٌل الحالً  نّ إبمعنى أخر ف ,للموارد على المستوٌٌن الزمانً والمكانًستخدام المنطقً الا اعتماد الاٌكولوجٌة الى

 .الازدهار فً المدٌنة الاٌكولوجٌةعرض تنمٌة الجٌل المستقبلً للخطر حٌث سٌستمر لن تُ 

 ومات بنٌة المدٌنة الاٌكولوجٌة مق -4

 Géو ) (Philine Gaffron) وهم التحضر الاٌكولوجًن فً مجال ٌالمختصمجموعة من أكدت سلسة الكتب التً أطلقها       

Huismans( و )(Franz Skala  " تحت عنوانBook  Ecocity  "  أن لبنٌة المدٌنة الاٌكولوجٌة عدد من المقومات الاساسٌة
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على تفق اوقد المواد. والنقل والطاقة وتدفق وهً التعامل مع المحٌط الاٌكولوجً و البٌئة المبنٌة  ,التً ٌجب العمل ضمنها و وفقها

ن هنالك اهذا الطرح أغلب الدراسات و البحوث التً تناولت موضوع مقومات تخطٌط المدٌنة الاٌكولوجٌة ومن هنا ٌجد البحث 

)السٌاق الطبٌعً والحضري( و )البنى الارتكازٌة الخضراء( و )البٌئة المبنٌة(  وهً ,خمسة مقومات أساسٌة لبنٌة المدٌنة الاٌكولوجٌة

نشاء المدٌنة الاٌكولوجٌة من ختٌار الموقع المناسب لاإتعلق المقوم الاول بتوضٌح كٌفٌة ٌ .()النقل( و )الطاقة و تدفق المواد و

اعات التنمٌة الحضرٌة تتعلق باقً المقومات الاربعة فً توضٌح كٌفٌة تخطٌط وتصمٌم قط نفً حٌ ,عٌة والحضرٌةالناحٌتٌن الطبٌ

لتحقٌق الا أن أهم ما تنطوي كل من هذهِ المقومات على عدد من الاس  والاهداف والمكونات وسبل ا الاٌكولوجٌة, إذ المدٌنةضمن 

تعتمد جمٌعها فً تكوٌنها على  مختلفة إستخدام طرق و إلٌاتولكن ب نفسها صبو الى تحقٌق الاهدافن معظمها ٌمجتمعةً هو إ ٌمٌزها

 . الاٌكولوجٌة التخطٌطٌة العامة للمدٌنة الفلسفة

 :الستٌاق الطبٌعً والحضري وأستستهُ التخطٌطٌة والتصمٌمٌة مقوم  4-1

والسٌاق الحضري  ,البٌئة الاٌكولوجٌة(ـ)ٌؤكد هذا المقوم على ضرورة مراعاة خصائص السٌاق الطبٌعً المتمثل ب     

ٌهدف هذا المقوم الى حماٌة البٌئة  الصدٌقة للبٌئة.لمدٌنة الاٌكولوجٌة ل الامثل موقعالختٌار إالبٌئة المبنٌة( فً ـ)المتمثل ب

التنطٌق )ستخدام منهجٌة إٌمكن . ((Gaffron P. ,2005,p19,p4 عملٌات التنمٌة الحضرٌة ثارآالطبٌعٌة الاٌكولوجٌة المهمة من 

. ً ضمنهُ نشاء تجمع حضري أٌكولوجمتهِ لائملا ومدى ,للتعرف على السٌاق الطبٌعً للموقع (الاٌكولوجً الوظٌفً

 ؛جراء مسح مٌدانً فً الخطوة الاولىإء عملٌة فً غاٌة الدقة , تتمثل بجراإٌكولوجً ابعملٌة تنطٌق وظٌفً القٌام ٌتطلب 

ستعمالات الارض او ,وذلك من أجل فهم الوضع الحالً للبٌئة الاٌكولوجٌة للموقع المتمثل بالطوبوغرافٌة والجغرافٌة

وللصفات التً  ,ةفصل للمشكلات الاٌكولوجٌة الرئٌسجراء تحلٌل ماالخطوة الثانٌة فتتمثل بٌرها. أما والغطاء النباتً وغ

ٌكون الهدف من هذه الخطوة هو  تحدٌد  , إذستٌعاب هذه المشكلاتإكولوجٌة المحلٌة التً تمكنها من تتمٌز بها الانظمة الاٌ

الخطوة الاخٌرة بتحدٌد نوع المنطقة  تمثلولها(. تلمحتمل حصدرجة حساسٌة المناطق للتدخلات البشرٌة )درجة التغٌر ا

وذلك حسب تحلٌل الحساسٌة السابق والقدرة الاستٌعابٌة للانظمة الاٌكولوجٌة وقٌمة خدمات الانظمة  ؛الاٌكولوجٌة

 ة وهًمناطق أٌكولوجٌة رئٌس( اربعالدراسة الى ) طقاتقسم منهجٌة التنطٌق الوظٌفً من إذ (.3الاٌكولوجٌة )شكل 

 :  Tain G. & Zhang L.,2013,pp107-112)) كالأتً

 ,وهً أكثر المناطق حساسٌة للتدخلات البشرٌة :(Development-Prohibited Zone) المنطقة محظورة التنمٌة -

وهً  ,ة الوطنٌةٌة و المتنزهات الرئٌسالتراثو حٌث تشمل المحمٌات الطبٌعٌة الوطنٌة والمواقع الثقافٌة والطبٌعٌة 

فً عملٌة التنمٌة الحضرٌة  اً(خطاً أحمر)ضرورٌة جدا لضمان الامن البٌئً الاٌكولوجً للمنطقة بأكملها  لذلك فهً تمثل 

 التأكٌد على فكرة الحفاظ علٌها ومنع الانشاء فٌها بتاتاً.  عن طرٌق

 طبٌعٌةالموارد والهبات الناطق ذات وهً الم :(Development-Restricted Zone) المنطقة مقٌدة التنمٌة -

مان الاٌكولوجً حاسمة وضرورٌة فً توفٌر الآها  أنّ لّا إسكان قتصاد والإقٌرة فً مجال الإوالتً تمتلك شروطاً ف, الضعٌفة

البٌئة  فًوتمتلك تأثٌر كبٌراً  ,ها حساسة للنشاط البشريتتمٌز هذه المناطق بأنّ  .بأكمله قلٌممنطقة أوسع أو عبر الافً 

قدرتها الاستٌعابٌة وعدم نسجام عملٌات التنمٌة والتطوٌر مع إفهً تفرض ضرورة  , بالتالًلوجٌة الاقلٌمٌةالاٌكو

 .تجاوزها

( وهً الاقالٌم التً تعرضت الى كثافة عالٌة فً عملٌة Development-Optimized Zone) المنطقة المثلى للتنمٌة -

تركٌز الاهتمام  جبحٌث ٌ ,ضعاف مواردها وهباتها البٌئٌةاالى  ذلك سٌما الصناعً منها مما أدى ولا ,التطوٌر البشري

  .النهوض بمستواها الادائً الحالًنوعٌة وفائدة التحسٌنات المضافة لها و علىبها 



Journal of Engineering Volume   22  February  2016 Number 2 
 

 

7 

 

ة وهً أقل أو مناطق التنمٌة الرئٌس :(Development-Prioritized Zone) المنطقة ذات الاولوٌة فً عملٌة التنمٌة -

ولكنها مستخدمة بنسبة  ةارد قوٌة نسبٌاً و هبات بٌئٌة عدمتلاكها لموإحٌث تتمٌز ب, حساسٌة للتدخلات البشرٌةالمناطق 

ٌكون التركٌز بها , و ضمنها مستدامةسكانٌة إقتصادٌة و إٌجاد تجمعات إلعملٌات التنمٌة و وبذلك فهً أكثر مناسبة  ؛قلٌلة

 .التطوٌرٌة الصناعٌة والاقتصادٌة تٌة و الاستثمار البٌئً والقطاعاتمن البنى التح هو موجودستخدام أفضل ما إ فً

  ختٌار أكثر المواقع, فٌسعى هذا المقوم لإلاٌكولوجٌةختٌار موقع المدٌنة اإأما فٌما ٌخص مراعاة السٌاق الحضري فً 

المواصفات الحضرٌة الاساسٌة لتحقٌق الأهداف الاتٌة  هامختار لٌجب أن ٌوفر الموقع ال , حٌثهذهِ المدٌنة  نشاءمناسبة لإ

Gaffron P. ,2005,p20,p2) ): 

ستخدام أنماط نقل صدٌقة للبٌئة, إو ٌعزز  ,ٌجاد نظام نقل عام جذاب ومرٌح ٌتٌح أقصى قدر ممكن من سهولة الوصولإ -

من الافضل توقٌع المدٌنة الاٌكولوجٌة على المحور الرئٌ  للبنٌة التحتٌة القائمة لوسائل النقل العام أو بالقرب من  عدّ لذا ٌُ 

 قتصادٌة.إما ٌمكن تطوٌرهُ منها مستقبلٌاً بصورة سهلةً و 

ختٌار أفضل إ و ,Compact City)عتماد نموذج المدٌنة المتضامة )إستخدام الاراضً الجدٌدة عن طرٌق إالتقلٌل من  -

ٌجب النظر فٌما أذا كان الموقع مناسب لتنمٌة عالٌة كما لتنمٌة المستقبلٌة للمدٌنة, االصناعٌة و نشطةلتوقٌع الا ناطقالم

 المجاورة لهُ. الكثافة أم لا على أن ٌتم ذلك فً ضوء دراسة كثافات المناطق الحضرٌة 

 :أستستهُ التخطٌطٌة والتصمٌمٌة  و بنى الارتكازٌة الخضراءالمقوم  4-2

ستراتٌجٌاً من المناطق الطبٌعٌة وشبه الطبٌعٌة عالٌة اها " شبكة مخططة البنى الارتكازٌة الخضراء على أنّ تُعرف       

قدم مجموعة واسعة من خدمات الانظمة اراتها لتُ إد و التً ٌتم تصمٌمها و ,الجودة فضلاً عن العناصر البٌئٌة الاخرى

ٌُصمم هذا التعرٌف  عبرو ٌ الاٌكولوجٌة وحماٌة التنوع الحٌوي فً كلا المنطقتٌن الرٌفٌة والحضرٌة".  عن هٌكل مكانً 

فهً تهدف الى تعزٌز القدرة الطبٌعٌة للموقع على تقدٌم سلع و خدمات  ,لتقدٌم خدمات الطبٌعة لمناطق التجمع الحضري

و ٌمكن تلخٌص أهم الاس  التخطٌطٌة و التصمٌمٌة لهذا .  ((European Union, 2013,p7,p1ة الاٌكولوجٌة الطبٌعٌة الانظم

 المقوم بما ٌأتً :

التً  الاجراءات ن أهممٌعد :  تقوٌة أدائ ها محٌطه  و دة فً الموقع ووجصر البنى الارتكازٌة الخضراء الموحماٌة عنا أ(

تقوٌة و  ,مكافحة فقدان التنوع البٌولوجً فً موقع إنشاء المدٌنة الاٌكولوجٌةهو  ٌشتمل علٌها هذا الاسا  التخطٌطً

عن طرٌق تحسٌن التواصل المكانً و الوظٌفً  الانظمة هذهِ  زٌادة مرونةو  ضمنها, ٌةالاداء الوظٌفً للانظمة الاٌكولوج

عادة النظر فً طرٌقة تخطٌط البنى الارتكازٌة التحتٌة إ, فضلاً عن ضرورة لها المتكاملتعزٌز التخطٌط المكانً , و  لها

دارة المٌاه و النقل والتنمٌة الحضرٌة مثلاً( وذلك من أجل التخفٌف من أثار إالقائمة أو المراد إنشاءها مستقبلاً )فً مجال 

 .((Dudau M. ,2011,p5,p1 الحواجز الفاصلة التً تسبب بها عناصر تلك البنى

المدٌنة  المضافة الى البنى الارتكازٌة الخضراء عناصرتصمٌم  ٌنطوي الشروع فً تخطٌط و: تخطٌط المكانً الب( 

الاٌكولوجٌة على دراسة ثلاثة عناصر رئٌسٌة للموقع المقترح لها وهً السٌاق والهوٌة والاتصال حٌث تعد البنى 

ٌعك  مفهوم . (p8,p1 The Scottish Governmen,2011,)تقوٌتها  الارتكازٌة الخضراء وسٌلة للنظر فً هذهِ العناصر الثلاث و

الخضراء فهماً واضحاً لماهٌة هذهِ العناصر الثلاث و لقٌمتها الوظٌفٌة الاٌكولوجٌة  التخطٌط المكانً للبنى الارتكازٌة

ما ٌحافظ  والاجتماعٌة لذا فهو ٌعتمد فً منهاجٌة عملهِ على التخطٌط والتصمٌم بموجب ما ٌتناسب مع سٌاق الموقع و

 على هوٌتهُ وٌعزز الانتقال والتواصل للمشاة والموائل الطبٌعٌة ضمنهُ. 
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 فً تخطٌط المكونات الخضراء والزرقاء للمدٌنة بهٌئة شبكة متواصلة من العناصر عاملٌتمثل هذا ال: التواصلٌة  ج(

تؤكد أغلب الدراسات الحضرٌة فً مجال  .مع تجنب حدوث الانقطاع بٌن هذهِ العناصرالى أقصى قدر ممكن الطبٌعٌة

ة للشبكات الخضراء على فكرة أن الطبٌعة كانت متواصلة قبل تدخل الانسان فٌها ٌالنظري والتنمٌة العملٌة والادار طرحال

 . )G.,1997,p5,p3 Barker(زٌادة نسبة التواصل فً تصمٌم عناصر الشبكات الخضراء سٌكون أمراً جٌداً ومفٌداً  نّ إو 

هذا العامل بتوفٌر المساحات الخضراء ٌهتم  : نبعاثات الكاربون و موازنتها طبٌعٌا  إتوفٌر مستاحات كافٌة لمعالجة د( 

ٌمكن تحقٌق  , حٌثستٌعاب ما تنتجهُ الحٌاة الحضرٌة فً المدٌنة الاٌكولوجٌة من غاز ثنائً أوكسٌد الكاربونلازمة لإلا

نبعاثات غاز ثنائً أوكسٌد الكاربون ومن ثم معادلتها بقدرة النباتات على هذا العامل عن طرٌق حساب الكمٌة الكلٌة لإ

 .(Berthold J. & Wetterwik M.H. ,2013,P49,P2) له تنحٌة الطبٌعٌةال

جتماعٌاً هو تخطٌطها إ من أهم شروط الحصول على بنى أرتكازٌة خضراء ناجحة بٌئٌاً و: ستهولة الوصول   هـ(

فً الحٌاة الٌومٌة للمدٌنة وذلك عن طرٌق تسهٌل الوصول الٌها دون تعب أو  اً أساسٌ وتصمٌمٌها بطرٌقة تجعل منها جزءً 

 .Barker G.,1997,p5,p3))جهد وجعلها قرٌبة من السكان وفً متناول أٌدٌهم 

 :أستستهُ التخطٌطٌة والتصمٌمٌة  و بٌئة المبنٌةالمقوم  4-3

 -التضام )مخطط البٌئة المبنٌة فً المدٌنة الاٌكولوجٌة الصدٌقة للبٌئة هو التأكٌد على مبدأ بهِ مٌز تأهم ما ٌ من أنّ       

(Compactness القُرب بٌن  (التضام أو التراص). ٌحدد مفهوم كافة فً طرٌقة تخطٌط وتصمٌم مفردات تلك البٌئة

الفضاءات العامة وجمٌع الاراضً ذات ستخدامات والوظائف الحضرٌة على أن ٌنسجم مع إنموذج النقل المستخدم والإ

 و ٌمكن تلخٌص أهم الاس  التخطٌطٌة و التصمٌمٌة لهذا المقوم بما ٌأتً :. (S.,2012,p14,p1 Rueda)الصلة 

ٌجاد إ( بmixed land use) ستخداماتٌسمح إعتماد عامل التنطٌق الارضً مختلط الا:  الارض مختلطة الاستتخدام أ(

ٌسعى هذا العامل الى توقٌع غالبٌة الفعالٌات  , إذستخدامات الارض فً المناطق الحضرٌةإإتخطٌطحالة من التوافق فً 

                   مما سٌؤدي بدورهِ الى تقلٌل مسافة التنقل الٌومً بٌنها ,السكنٌة والتجارٌة والترفٌهٌة قرب بعضها البعض

((Parker T.,1994,p11,p1. إذختلاط ضمنهاحجم المناطق مختلطة الاستخدامات وبنسبة الإهنالك معاٌٌر معٌنة تتعلق ب, 

*  500متر( أو ) 300*  300هكتار( بأبعاد )10لا تتجاوز مساحة المنطقة المختلطة الواحدة عن  ) ٌوُصى بأنّ 

مل ٌجب أن تشتمل هذهِ المنطقة على المزج بٌن أماكن العٌش والع ها, كما( أو أٌة أبعاد تحقق المساحة نفسمتر200

المزج الواسع  قوانٌن حٌث ٌجب أن تطبق قوانٌن المزج الجٌد على مستوى البناٌة الواحدة و ,بصورة منسجمة ومتكاملة

ختلاط قٌمة الإ نّ إف فعالٌات,ستخدام المختلط على مستوى الحً الحضري المفرد او المدٌنة ككل. أما فٌما ٌتعلق بنسبة الللإ

كحد أعلى للفعالٌة  (% 80) كحد أدنى الى (%30بٌن ) ما الاحٌاء الحضرٌة تتراوحالموصى بها للمناطق الارضٌة من 

( Coplák J. & Rakšányi P., 2003,p46,p2) لأماكن العمل كحد أعلى (%70) كحد أدنى و (%20وبٌن )  ,السكنٌة
  . 

مدى عام للكثافة الحضرٌة فً المدٌنة الاٌكولوجٌة حٌث أن تعٌن  هنالك:  )المناستبة( الكثافة العالٌة المؤهلة ب(

 Gaffron P. & et al ً ٌتمثل هذا المدى بما ٌأت و المحلٌة لعملٌات التنمٌة,الاوضاع ختلافات ضمن هذا المدى ٌعتمد على الإ

,2008,p25,p4) )  : 

 (0.3الى  0.8= ) مساحة القطعة التً بنٌت علٌها / المبنى مساحة طوابقإجمالً  -

                                                           
  ةصدٌقة للبٌئة فهً لٌست خاصة بدولة أو أقلٌم معٌن أو منظماٌكولوجٌة  المعاٌٌر المثبتة فً النصوص أعلاه هً معاٌٌر عامة لأنشاء بٌئة مبنٌة 

ٌُلاحظ تواجد نسبة من المرونة فٌها تحددها ال شروط و معٌنة و قد أتفق علٌها عدد مختلف من الباحثٌن فً مجال الانشاء الحضري الاٌكولوجً، أذ 
 المواصفات المحلٌة لموقع المدٌنة الاٌكولوجٌة الصدٌقة للبٌئة.
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ها منخفضة الى متوسطة تسم المخططات الناتجة عموماً بأنّ و ت, (0.7الى  0.35القطعة = )مساحة نسبة تغطٌة المبنى /  -

 علماً أن أعداد باقً المستخدمٌن من عاملٌن و ,ساكن/هكتار( 250الى100طابق( مع كثافات عالٌة ) 6-3الارتفاع )

       تحسب بمعزل عن هذهِ الكثافات كقٌمٍ مضافة.  وارطلاب و ز

ٌمثل الفضاء العام العنصر الهٌكلً الاكثر :  )البنى الارتكازٌة الحضرٌة( التأكٌد على الفضاءات العامة فً المدٌنة ج( 

فهو فضاء التعاٌش والتشكٌل وتوفٌر شبكات المرافق العامة و المناطق  ,المدٌنة الاٌكولوجٌة حضوراً فً إنموذج

العام فً المدٌنة  نوعٌة الفضاء نّ إبذلك ف ,أماكن الاقامة والمحاور الرئٌسة للحٌاة الاجتماعٌة والعلاقات الخضراء و

 S.,2012,p14) كذلك ه ذلك الفضاءالذي ٌوفر (الاستقرار)فقط وأنما على مفهوم  (التضام)لا تعتمد على مفهوم  الاٌكولوجٌة

Rueda).  

فٜ اىَذْٝخ الاٝن٘ى٘جٞخ ػيٚ  اىَستذاٍخ ٝشتَو تإٔٞو الاثْٞخ : تأهٌل الابنٌـــــــــــة المستتدامة فً المدٌنة الاٌكولوجٌةد( 

 :(2,ج423, ص2008,  رفو آل لٌنور) اىتصََٞٞخ ٍْٖٗب بدٞستزاتٞجػذد ٍِ اىتفؼٞو 

 .ىيَ٘قغاىحضزٝخ  ٗ تنبٍو الاثْٞخ ٍغ اىجٞئخ اىطجٞؼٞخ ٗ ضزٗرح إّسجبً  -

 . خ الارضٞخ ػْذ اىتؼبٍو ٍغ اىَ٘قغٍِ اىتْ٘ع فٜ أشنبه اىطجٞؼخ اىْبتج ػِ اىتْ٘ع فٜ اىط٘ث٘غزافٞ الإستفبدح  -

  ؟تصٌَٞ الاثْٞخ ثطزٝقخ تستثَز ٍب ٝت٘فز فٜ اىَ٘قغ ٍِ ٍصبدر ٍتجذدح -

ِٓ الاثْٞخت٘ظٞف اىتنْ٘ى٘جٞب اىحذٝثخ قيٞيخ إستٖلاك اىطبقخ فٜ مبفخ ٍزاحو قٞبً  -  .ٕذ

أٛ جؼو اىتصٌَٞ " ستفبدح اىقص٘ٙ ٍِ خصبئص اىْظبً الاٝن٘ى٘جٜ ىيَ٘قغ دُٗ الاضزار ثتيل اىخصبئص تحقٞق الإ  -

 ."ّبثغ ٍِ اىجٞئخ دُٗ تذٍٞز ىيْظبً الاٝن٘ى٘جٜ اىَ٘ضؼٜ 

 .اىْفبٝبد اىْبتجخ ػِ اىَجْٚ ط٘اه ٍزاحو ٗج٘دٓ  ٍؼبىجخ  اىتحنٌ ٗ -

 :أستستهُ التخطٌطٌة والتصمٌمٌة  و نقلالمقوم  4-4

اىزحلاد اىتْقيٞخ ( تجْت)ٝتَثو ثـ تحقٞق ّٖج رئٞس ثلاثٜ الاثؼبد ٍفًٖ٘ اىْقو اىَستذاً اىصذٝق ىيجٞئختحقٞق ٌتضمن      

ٗسبئظ ّقو  إستخذاًاىزمبة ّح٘ ( أساحخ)ٗ ثـ, اىتٜ ٝقً٘ ثٖب اىسبمِْٞاىتقيٞو ٍِ أط٘اه اىزحلاد اىٍٞ٘ٞخ  ٗ ضزٗرٝخغٞز اى

ٌنطوي تحت ظل  .(ADB,2009,p39 )(Pardo C.F., 2010,p13,p3) ٘ى٘جٞب اىْقوتنٍَْبرسبد ( تحسِٞ)ٗ ثـ, فقبً ٍغ اىجٞئخاأمثز ت٘

 :ػذد ٍِ الاسس اىتخطٞطٞخ ٗ اىتصََٞٞخ ٗ ٍْٖب ٍب ٝأتٜ هذا النهج العام 

ٝؤدٛ إػتَبد ٍجذأ اىتضبً )الارض ٍختيطخ الاستخذاً ٗ اىنثبفخ اىؼبىٞخ :  أحياء متضامت موجهت لحركت المشاةنشاء أ( إ

قيٞو جَغ غبىجٞخ اىَقبصذ اىٍٞ٘ٞخ اىسنبّٞخ ٍؼبً ٍَب سٞ  اىَؤٕيخ( فٜ ػَيٞبد تخطٞظ ٗ تصٌَٞ أحٞبء اىَذْٝخ الاٝن٘ى٘جٞخ اىٚ 

ٍْٔ, ٗاىٚ اىتزٗٝج ىيقٞبً ثغبىجٞخ اىتْقلاد اىٍٞ٘ٞخ ٍشٞبً ػيٚ الاقذاً أٗ رم٘ثبً ػيٚ اىذراجبد اىحبجخ اىٚ اىْقو, ٗلاسَٞب اٟىٜ 

(GIZ,2004,p2,p4) اىٖ٘ائٞخ
. 

توقٌع الخدمات  : ٌؤكد هذاالعامل التخطٌطً على ضرورةالتوقٌع المناستب للمدارس والخدمات العامة الاخرى  ب(

الاساسٌة العامة ضمن مسافات تسمح بأسهل وصول ممكن وعن طرٌق التنقل سٌراً على الاقدام, حٌث ٌفضل أن تفصل 

م(, كما  300م(, وعن مرافق رعاٌة الاطفال والمدار  ما لا ٌزٌد عن )500المسكن عن المرافق العامة ما لا ٌزٌد عن )

                                                           
 GIZ  صر لمؤسسة الاتحادٌة الالمانٌة للتعاون الدولًتهو عنوان مخ (Deutsche Gesellschaft für Internationale  

Zusammenarbeit), ًبلد (130) فً أكثر من العدٌد من المجالاتتعمل فً  الألمانٌة الحكومة الاتحادٌة لِ بَ من قِ  مملوكة دولٌة مؤسسة وه 
 (. http://en.wikipedia.orgمشتركةً مع عناصر بارزة فً القطاعٌن العام والخاص لهذهِ البلدان )

http://en.wikipedia.org/
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 . (Skala Fالمختلفة و وسائطه عها الفرد وصولاً الى محطات النقل العامٌجب أن تراعى وبشدة المسافة التً ٌقط

,2010,p8). 

على منع  الخالٌة من حركة السٌارات الخاصة تعتمد فكرة إنشاء الاحٌاء: تصمٌم خالً من حركة الستٌارت الخاصة ج( 

على الشوارع الرئٌسة فٌها حٌث تقتصر حركتها  السٌارات تخطٌطٌاً من الدخول الى داخل قطاعات المدٌنة الاٌكولوجٌة,

 . ,p30  (Gaffron P & et al ,2008)لسٌارات لهذهِ امثل مواقفاً فقط منتهٌةً عند أطراف هذهِ القطاعات فً نقاطٍ معٌنة تُ 

هنالك مجموعة من العوامل المحددة التً ٌمكن أن تؤثر فً دور  : و الدراجات الهوائٌة لتأكٌد على ممرات المشاةا د(

عوامل الجذب و أنماط أستخدام الارض و مسافات الرحلات و  , ومنهاممرات المشاة و الدراجات الهوائٌةوفعالٌة 

 .(Schwartz W.L. & et al ,1999,p5) المجتمعٌة الاوضاع المناخٌة و التركٌبة السكانٌة و الاقتصادٌة والمواقف

نٌاً )مسافة قصٌرة لمحطات سهلة الوصول مكا النقل العام خدماتٌجب أن تكون :  تحستٌن أدائٌة نظام النقل العام (هـ

ترتبط  على مجموعتٌن من المعاٌٌرمفهوم )سهولة الوصول(  تحقٌق عادةً  ٌعتمد. (نتظار قلٌلوقت ا, و زمانٌاً )(النقل

الثانٌة بعدد الوجهات التً ٌمكن  , فً حٌن ترتبطوصولاً الى محطات النقل العامبالمسافات التً ٌقطعها الفرد الاولى 

( U.S. EPA  , 2011,p11,p2 ( وسائل النقل الوصول الٌها عن طرٌق
. 

 :أستستهُ التخطٌطٌة والتصمٌمٌة  و طاقةالمقوم  4-5

تعتمد ستراتٌجات المدٌنة الاٌكولوجٌة فً مجال تخطٌط و تصمٌم مقوم الطاقة و تدفق المواد فٌها على تحقٌق مبدأ       

تدفقات الموارد بٌن أنظمة البنى التحتٌة للمدٌنة من جهة وبٌن أنظمة البنى التحتٌة و البٌئة المبنٌة من جهة فً )التأزر( 

  سلسلة من الاس  التخطٌطٌة و التصمٌمٌة ومنها:و ٌمكن تحقٌق ذلك من خلال أخرى. 

ٌُعد أحد الذي  – : ٌؤكد هذا العاملالتصمٌم المتضام للابنٌة مع ضمان توفٌر المواصفات التشمٌستٌة القٌاستٌة لها أ(

 صفوف أودة الطوابق تُعدّ م مبانٍ التنمٌة الحضرٌة المتضامة )على إعتماد  -ٍفًٖ٘ اىْقو اىَستذاً اىصذٝق ىيجٞئختحقٞق عوامل 

 .Fuerst F. & Wegener M.,2013,p2,p5))كأسا  فً عملٌات التنمٌة الحضرٌة فً المدٌنة الاٌكولوجٌة ( متلاصقةال المنازل من

الطاقة على ضرورة مراعاة طرٌقة تسقٌط المبانً  إستخدامالاحٌاء المتضامة الكفوءة فً مجال  تنطوي معاٌٌر تصمٌم

 نفعلة جٌدةتصمٌم م ستراتٌجٌاتو المشاركة فً خلق  ,وذلك لتحسٌن التعرض الشمسً لهذهِ المبانً ؛ضمنها

(RMA,2002,p17,p2).  

تسعى ستراتٌجٌات و عناصر التصمٌم المنفعل : إعتماد ستتراتٌجٌات التصمٌم المنفعل فً تصمٌم المبنى المفردب( 

(passive design الى تحقٌق الراحة المرئٌة و ) الحرارٌة للفرد فً داخل المبنى؛ وذلك بالإعتماد على مصادر الطاقة

الطبٌعٌة و مصارفها, مثل الاشعاع الشمسً و الهواء الخارجً و الاسطح الرطبة و الغطاء النباتً. ٌؤدي تفعٌل هذهِ 

المناخٌة داخل المبنى عن الستراتٌجٌات الى إحداث تقلٌل واضح و مهم فً معدلات إستهلاك الطاقة اللازمة لتوفٌر الراحة 

  .طرٌق تقلٌل الإعتماد على الطرق التقلٌدٌة المتمثلة بتشغٌل مكٌفات الهواء المٌكانٌكٌة و الاضاءة الصناعٌة للمبنى

                                                           
  ة و قد المعاٌٌر المثبتة فً النصوص أعلاه هً معاٌٌر عامة لأنشاء بٌئة مبنٌة صدٌقة للبٌئة فهً لٌست خاصة بدولة أو أقلٌم معٌن أو منظم معٌن

ٌُلاحظ تواجد نسبة من المرونة فٌها تحددها الشروط و  أتفق علٌها عدد مختلف من الباحثٌن فً مجال الانشاء الحضري الاٌكولوجً، أذ 
 المواصفات المحلٌة لموقع المدٌنة الاٌكولوجٌة الصدٌقة للبٌئة.

  (U.S. EPA)   ًشارة مختصرة لوكالة الحماٌة البٌئٌة الامرٌكٌةإه (U.S. Environmental Protection Agency) . 
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و ذلك من خلال زٌادة إستثمار المصادر  : إعتماد ستتراتٌجٌات التصمٌم الفعال فً ستد الطلب على الطاقة المطلوبةج( 

 ( .Anastasiadis P. & Metaxas  G. ,2013,p396,p5) فً عملٌات تولٌد الطاقة و سد الطلب المحلً علٌها المحلٌة المتجددة

تحوٌل الصٌغة اىَٞبٓ فٜ اىَذْٝخ الاٝن٘ى٘جٞخ ػيٚ ضزٗرح تؼتَذ ثزاٍج إدارح :  الادارة المستتدامة لمصادر المٌاه د( 

من صفتها الخطٌة )الحد الادنى لإعادة الإستخدام ( الى صفةً جدٌدة مغلقة ودائرٌة )الحد الاعلى لإعادة المٌاه  لادارةالعامة 

 .(Novotny V. & Novotny E.V. ,2009,p1,p2)الإستخدام والتدوٌر( 

طبٌعٌاً على ٌد ومستدام دارة نفاٌات جة الاٌكولوجٌة فً تحقٌقها لنظام إتعتمد المدٌن:  الانتاج المصفر للنفاٌات (ـه

 جزءً الاولً للنفاٌات , و الثانً هو التعامل مع النفاٌات التً لابد من تولدها على أنها  نتاجالإتقلٌل  أجرائٌٌن الاول هو

 .(Mroueh U.M. ,2007, pp3-4) فً المدٌنة المتجددة دارة الموارد الحضرٌةمهماً ومكملاً لإ

 المدٌنة الاٌكولوجٌة فً التجارب العالمٌة: -5

ٌتضمن هذا الجزء من البحث دراسة لعدد من التجارب العالمٌة المنتخبة فً مجال إنشاء المدٌنة الاٌكولوجٌة وفق       

السابقة  النظري فً الفقرات صل الٌهِ الطرحتطبٌق ما تو مكاناتإ لتحقق منوذلك بغٌة ا مقارن؛ منظور وصفً تحلٌلً

 .على ارض الواقع

 2010/ عام  ((Hammarby  Sjöstad  هاماربً ستجوستتد منطقة / الستوٌدٌة الاولى : التجربة التجربة

على الضفاف المقابلة لبحٌرة  (ستوكهولم) دارٌة لبلدٌة العاصمة السوٌدٌةتقع هذه المنطقة ضمن السلطة الإ      

(Hammarby Sjö) منطقةفً الضواحً الشمالٌة ل (Söndermalm)  لكلٌة مالً المساحة ا. ٌبلغ أج(4)شكل

 ,الف(  شخص24سكان )اقادرة على و الف وحدة سكنٌة(  11لتحتوي على ) هً مخصصة ,هكتار(160) نحو نطقةللم

ٌشكل مقوم النقل العنصر . ((http://international.stockholm.seشخص/هكتار(  150جمالٌة تصل الى )إوبكثافة أسكانٌة 

ق المدٌنة من أقصاها الى حٌث تشكل طرقهُ الرئٌسة الجادة الأساسٌة التً تختر منطقةهذهِ الالاكثر تأثٌراً فً تخطٌط 

 عدد من الاحٌاء مختلفة المساحاتعلى شكل  الجادة غالبٌة البٌئة المبنٌة للمنطقة هذهِ تنتظم حول  .(5)شكل  أقصاها

البٌئة المبنٌة لهذهِ المنطقة على شبكة من العناصر الخضراء ؛ وذلك لغرض تحقٌق  توجد .((Goel S.,2013,12( 6)شكل

( 2م25المعٌار الاسا  لهذهِ الشبكة هو توفٌر )و قد كان  الموازنة الطبٌعٌة مع كثافة المشهد الحضري المتبعة فً المنطقة.

 (.Foletta N (8-7)شكل  ( لعموم المنطقة2الف م 300أي ما ٌقترب من ) ,من المساحات الخضراء العامة لكل وحدة سكنٌة

& Filed S. , 2011 ,p38) . ٌسعى تخطٌط و تصمٌم مقوم الطاقة و تدفق المواد ضمن منطقة كما(Hammarby Sjöstad) 

فً إنموذج واحد نهج شمولً فً توفٌر خدمات البنى الارتكازٌة عن طرٌق دمج عدد من الانظمة المنفصلة الى تحقٌق 

 و قد, (9)شكل(model Eco cycle -نموذج الدورة الاٌكولوجٌة  ٌتأخذ من مخرجات نظام معٌن مدخلاتٍ لنظام آخر )

تدفقات الطاقة والنفاٌات و المٌاه و مٌاه   إدارةفً مجال متكاملة  حلول بٌئٌة جدٌدة و إنتاجنموذج الى هذا الإ إعتمادأدى 

  Strandell J. & Li D. ,2012,p12). ) هذهِ المنطقة الصرف الصحً ضمن

 2004/ عام  (Viikki-Eco( الثانٌة : التجربة الفنلندٌة / حً التجربة

العاصمة الفنلندٌة هلسٌنكً على مقربة من مركز  Viikki)) مدٌنةضمن حدود  ( (Eco-Viikkiحً قعٌ      

((Helsinki كم(8) نحوبمسافة تصل ل (Schulz C.,2006,p12 ,p1) . ُ(اً هكتار23صصت هذهِ المنطقة البالغ مساحتها )خ ,

http://international.stockholm.se)/
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ن ي لتطبٌق الرؤى والحلول الاٌكولوجٌة الممكإختبارلتكون بمثابة حقل شخص(  1700سكان ما ٌقترب من )والكافٌة لا

مقوم البنى الارتكازٌة شكلَ  .Hakaste H.&  et al ,2005,p8,p5)) (10)شكل المفرد تنفٌذها على مستوى الحً السكنً

على هٌئة  الاخضراء متد الاصابعالخضراء المضافة للموقع العامل الاكثر تأثٌراً فً بنٌة هذا الحً الاٌكولوجً حٌث ت

جمٌع الكتل المبنٌة, لٌمتلك بذلك كل  . تنتظم حول هذا الهٌكل بنٌة الحًل الاسا  هٌكلاللتكون ثلاث متنزهات طولٌة 

 .HCPD,2010,p14,p1)) (11)شكل ضمن هذا الحً إرتباطاً مباشراً مع الطبٌعة الخضراء المحٌطة بهِ موقع أو مبنى سكنً 

مع تخصٌص جزء بسٌط منهُ لتوفٌر ما  فً هذهِ الكتل المبنٌة تسٌطر الفعالٌة السكنٌة على مخطط إستعمالات الارض

كان من أهم ما ٌمٌز  .(12)شكل محال تجارٌة ومدرسة و النهارٌة مركزٌن للرعاٌةٌحتاجهُ السكان من خدمات ٌومٌة,مثل 

توجٌه غالبٌة الكتل البنائٌة ضمن هذا الحً  و ذلك عن طرٌق تأهٌل الابنٌة المستدامةهو  مقوم البٌئة المبنٌة فً هذا الحً

 .Droege P ) الاٌكولوجً باتجاه )الجنوب( من أجل زٌادة التعرض الشمسً, و زٌادة الأستفادة من الطاقة الشمسٌة

(,2012,p147,p1. ( ًكما راعت معاٌٌر تصمٌم الابنٌة فً ح(Eco-Viikki  خم  جوانب رئٌسة و هً التلوث و إستهلاك

أعتمد . ( Ojala K.,2010,p1,p1) (13)شكل الموارد الطبٌعٌة و صحة الابنٌة و إستدامة التنوع البٌولوجً و إنتاج الغذاء

على إستخدام السٌارات الخاصة. ولكن بصفة محدودة وغٌر مهٌمنة على تخطٌط الحً,  هذهِ التجربةفً قوم النقل ممخطط 

حٌث لا تنتشر شبكة طرق السٌارات ضمن الحً بأكملهِ وإنّما تقتصر على طرٌق محوري ٌقسم المنطقة الى نصفٌن غٌر 

  (.Google Earth) حسب مراجعة خرائط الـ  (14)شكل (Latokartano)متساوٌٌن لٌرتبط مع الطرٌق الرئٌ  لمنطقة 

 م(2015/ مازالت قٌد الانشاء) الثالثة : التجربة الاماراتٌة / مدٌنة مصدر التجربة

العربٌة المتحدة  ماراتدولة الإفً أبو ظبً  إمارة( الى الجنوب الشرقً من مٌل 11على بعد ) مصدرمدٌنة  تقع      

(Stilwell B. & Lindabury S. ,2008,p2,p1). ( 6هكتار( أي ما ٌقترب من ) 590تبلغ مساحة مدٌنة مصدر نحو )كم مربع

أنطلق تخطٌط  (.Al mubadala Company,2009,p4,p2) سكنٌة و تجارٌة وتعلٌمٌة وصناعٌة خفٌفٌة مختلفةمخصصة لاغراض 

 أنذاك المجتمعات ستطاعتإوكٌف  دقٌقة للمستوطنات العربٌة القدٌمة مفصلة والمخطط العام لمدٌنة مصدر من دراسة 

جاء المخطط العام لهذهِ المدٌنة على هٌئة . (Ouroussoff N., 2010) بناء مستوطنات صالحة للعٌش فً أقالٌم شدٌدة الحرارة

قة وبمرافق تولٌد الطا ,طان بحقول المناظر الطبٌعٌة المفتوحةاتشكٌلٌن مربعٌن حضرٌٌن أحدهما أكبر من الاخر مح

توجٌه  فً المنفعل ضمنهالعناصر التصمٌم  و قد ظهر تأثٌر الدراسة المفصلة للمستوطنات العربٌة القدٌمة و .المتجددة

درجة عك  إتجاه عقارب الساعة من محور  38)شمال غربً  –على محور جنوبً شرقً هذٌن التشكٌلٌن المربعٌن 

. ((Foster N. ,2011,p3 (Kubis M. ,2011,p8)( 16)شكل طوال الٌوم لكافة الطرق فٌهماذلك بغٌة توفٌر الظلال والشمال (؛ 

متر( ماعدا الشارع المركزي الذي ٌبلغ عرضهُ  8.5 -14بشوارع ضٌقة تتراوح بٌن )ر تمٌز مخطط مدٌنة مصد

كان السبب الرئٌ  وراء إختٌار هذهِ الابعاد هو توفٌر الظل المناسب للابنٌة,  .(Masdar City, 2010,p4,p2)متر( 25)

قدم,  23تفع المدٌنة بأكملها الى مستوى )تر. كافة والسماح للاشعة الشمسٌة غٌر المباشرة بالوصول الى فضاءاتها الداخلٌة

متر ( فوق مستوى سطح الارض؛ وذلك لتوفٌر الفضاء المناسب للعدٌد من البنى الارتكازٌة الحضرٌة التً 7أي نحو 

لقد إعتمد مخطط البنى الارتكازٌة الخضراء لمدٌنة  .(Snyder L.,2009,p5,p2) ( 17)شكل ها فً مستوى السردابسٌتم إنشاء

على تطبٌق فكرة )الاصابع الخضراء( التً تخترق التشكٌلٌن المربعٌن للبٌئة المبنٌة من أقصاها الى أقصاها, مصدر 

تمتاز مدٌنة مصدر بشوارعها الضٌقة  .(Al mubadala Company ,2009,p8,p1) (18)شكل  والحزام الاخضر الذي ٌحٌط بهما

ضمنها بصورة لا تتعارض مع النقل  مقوم المشاة, حٌث صممُ المظللة المرٌحة حرارٌاً, و المخصص غالبٌتها لحركة 

http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&field-author=Peter%20Droege&ie=UTF8&search-alias=books&sort=relevancerank
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صدٌق ٌجاد نظام نقل إالى  حركة المشاة, و لا تتسبب فً إنبعاث أي قدر كان من الكاربون, فقد سعى مخططوا هذا المقوم

  .((ADFEC,2011,p50 (19)شكل خارجه متنوع و شامل لحركة السكان والعاملٌن ضمن المدٌنة وللبٌئة 

 ستتنتــــاجاتالا

التً ٌمكن  من الإستنتاجات,لمدن الاٌكولوجٌة الصدٌقة للبٌئة بعدد الٌه البحث فً مجال اٌمكن تلخٌص اهم ما توصل 

 إجمالها بالآتً:

تعتمد الفكرة العامة لإنشاء المدن الاٌكولوجٌة الصدٌقة للبٌئة على الإدراك الشمولً و الحقٌقً لقٌم الآنظمة و  -1

الطبٌعة, و على الابتعاد عن عدّها مجرد خدمات مجانٌة مخصصة لراحة الانسان و رفاهٌتهِ. ٌنطوي هذا الاصناف فً 

الادراك على تقٌٌم حقٌقً للوحدات و الاجزاء و الانظمة فً الطبٌعة لـ)ذاتها( بغض النظر عن قٌمتها بالنسبة للانسان, مما 

ٌُعدّ ٌستوجب ضرورة الحفاظ علٌها لأهمٌتها بالنسبة للكون  و لبعضها البعض, و لٌ  لأهمٌتها بالنسبة للانسان الذي 

 العنصر الاكثر استهلاكاً لها.

تسعى مفاهٌم إنشاء المدٌنة الاٌكولوجٌة الى تأمٌن مناطق وجود حضري تحافظ على مستقبل الانظمة و الاصناف فً  -2

ن أنظمة أٌكولوجٌة حضرٌة تتعاون مع الانظمة الطبٌعة عن طرٌق العمل بنف  آلٌة تلك الانظمة, لتكون المدن عبارة ع

نفسها بغٌة تحقٌق الاهداف ذاتها بما ٌضمن لكلاهما  الاٌكولوجٌة الطبٌعٌة تحت سقف القوانٌن و الخصائص التشغٌلٌة

ٌُضر أيٌ منهما بالاخر.   الحق فً الوجود والاستمرار دون أن 

ل لآن لك الحضرٌة؛ كل من المدخلات والمخرجات تقلٌل أهمٌةالصدٌقة للبٌئة على  ٌكولوجٌةالمدٌنة الا ٌؤكد طرح -3

؛ ولأن تقلٌل إستخدام المدخلات و إنتاج المخرجات سٌضمن حق الحٌاة والاستمرار للانسان و البٌئة فًثاراً سلبٌة آمنهما 

د عن طرٌق تغٌٌر تهدف المدٌنة الاٌكولوجٌة الى تحقٌق ذلك الترشٌ لمكونات الطبٌعة الحٌة وغٌر الحٌة على السواء.

طرٌقة عمل الدٌنامٌكات الحضرٌة, و إعتماد مبادىء التأزر و غلق الدوائر كأسا  فً تصمٌم مسارات تدفق الطاقة و 

   .الموارد ضمنها

لا تفرض المفاهٌم التخطٌطٌة والتصمٌمٌة التً جاءت بها النظرٌة الاٌكولوجٌة فً مجال إنشاء المدن الصدٌقة للبٌئة  -4

بل  –كما حدث فً نظرٌات إنشاء المدن المستدامة التً ظهرت فً منتصف القرن العشرٌن  -إنموذجاً تخطٌطٌاً مسبقاً 

بالخصائص الاٌكولوجٌة الموقعٌة فً إنتاج إنموذج تخطٌطً أٌكولوجً العك  تماماً, فهً تؤكد على ضرورة الإلتزام 

 منسجم مع موقعهِ من جهة, و مع تحقٌق أهداف المدٌنة الاٌكولوجٌة من جهة أخرى . 

إرتباط قرارات توقٌع مناطق التنمٌة الحضرٌة و مناطق الحفاظ والتأهٌل و الاستعادة للأنظمة الطبٌعٌة مع  -5

لموقع المدٌنة الاٌكولوجٌة معتمدة على دراسة موسعة و مفصلة لصفات تلك الخصوصٌة و قٌمتها  الخصوصٌة الطبٌعٌة

الذاتٌة و قٌمتها للبشرٌة فضلاً عن دراسة مدى حساسٌتها للتدخلات البشرٌة ضمنها و كٌفٌة منع هذهِ التدخلات أو التقلٌل 

 من أضرارها .

تلك المرتبطة بشكل المخطط الأسا  للمدٌنة الاٌكولوجٌة من  إنطلاق القرارات التخطٌطٌة العامة, ولاسٌما -6

الخصوصٌة المناخٌة و الثقافٌة لموقعها؛ و ذلك لتحقٌق بٌئة مرٌحة مناخٌة من جهة, و مألوفة اجتماعٌاً و ثقافٌاً من جهة 

 أخرى, بما ٌخلق مدن صدٌقة للساكن و قرٌبة من معتقداته و مفاهٌمهِ.
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رتكازٌة الخضراء للعنصر الاكثر تأثٌراً فً التكوٌن الداخلً للمخطط الأسا  للمدٌنة تشكٌل مقوم البنى الا -7

الاٌكولوجٌة, وما ٌترتب عنهُ من تكوٌن للقطاعات البنائٌة المختلفة . أهم ما ٌمكن ملاحظتهُ فً غالبٌة التجارب العالمٌة فً 

راء و الزرقاء مختلفة الاحجام منتشرة فً عموم مجال إنشاء هذهِ المدٌنة هو وجود شبكة متواصلة من العناصر الخض

مخطط المدٌنة الاٌكولوجٌة مكونةً قاعدةً طبٌعٌة تجل  علٌها كتل الانسان الحضرٌة لتوزان كفة التدخل البشري فً 

 الطبٌعة و لتقلل و تستوعب تأثٌراته.  

لاسا  من مسطحات وعناصر مائٌة, بل لا ٌنفصل إنموذج تخطٌط المدٌنة الاٌكولوجٌة عن ما ٌحتوٌهِ موقعها فً ا -8

ٌتناغم معها متوجهاً فً كتلهِ نحوها و مستغلاً إٌاها للفعالٌات العامة, و لخدمات النقل المائً. ٌنطوي مخطط المدٌنة 

الاٌكولوجٌة غالباً على إستثمار هذهِ المسطحات والعناصر والسعً لزٌادة أدائها و تغذٌتها المستمرة؛ وذلك لزٌادة دور 

لطبٌعة فً تقلٌل آثر الوجود الحضري ضمنها, و المشاركة فً التخفٌف من ظاهرة التغٌٌر المناخً و المشكلات الناتجة ا

 عنها.

تخطٌط وتصمٌم البٌئة المبنٌة ضمن المدٌنة الاٌكولوجٌة بهٌئة عدد من الاحٌاء محدود الاحجام ) لتشجٌع الحركة سٌراً  -9

م ) لخلق مراكز حضرٌة حٌوٌة طٌلة الٌوم(, و متوسطة الارتفاع ) لتقلٌل الضغط على على الاقدام(, و مختلطة الإستخدا

 البنى التحتٌة الرمادٌة ( متوزعة فً الغالب حول طرٌق محوري تمر ضمنهُ وسائل النقل العام المختلفة .

المدٌنة الاٌكولوجٌة  إنشاءً ٌعتمد تخطٌط مقوم النقل فً غالبٌة التجارب العالمٌة المتفق علٌها كمحاولات رائدة ف -10

وسائل نقل  إٌجادتوقٌع الفعالٌات قرب بعضها البعض, و على  عن طرٌقو ذلك  ؛على تقلٌل الحاجة للنقل بالدرجة الاولى

فضلاً عن زٌادة أدائٌة وسائل النقل العام  ,لًعن طرٌق التشجٌع على التنقل غٌر الآو ذلك  ؛أقل تلوثاً للبٌئة بالدرجة الثانٌة

 ضمن أحٌاء هذهِ المدٌنة . للتنقل قابل تقلٌل مغرٌات الركون الى السٌارات الخاصةم

ترتبط قرارات و نسبة الإعتماد على التنقل غٌر الآلً ) السٌر على الاقدام أو ركوب الدراجات الهوائٌة ( مع  -11

تقل حوافز الركون الى مثل هكذا نوع  الخصوصٌة المناخٌة والثقافٌة للمجتمع الموجود ضمن حدود المدٌنة الاٌكولوجٌة .

من التنقل فً المناطق ذات الشتاء البارد جداً أو الصٌف الحار جداً, كما تشارك العقائد والمفاهٌم والدٌانات فً تحدٌد هذهِ 

هذهِ النسبة, ولا سٌما فً المجتمعات المحافظة التً قد تستثقل ركوب المرأة على الدراجات الهوائٌة فً الشارع. فرضت 

الخصوصٌة المناخٌة والعقائدٌة تغٌراً واضحاً فً تخطٌط مقوم النقل ضمن مدٌنة مصدر, حٌث المناخ الصحراوي الحار 

و الطبٌعة المجتمعٌة المحافظة, مما أدى الى ضرورة و حتمٌة الاعتماد على وسائل نقل آلٌة, و التً جاءت بصٌغ 

ضمن هذهِ المعالجات تقلٌلاً واضحاً فً الآثار البٌئٌة المترتبة عن النقل سٌارات كهربائٌة تعتمد على الطاقة المتجددة. ت

 ضمن المدٌنة, ألاّ إنّ تكون أكثرُ كلفةً من الناحٌة الاقتصادٌة.  

تفعٌل دور مصادر الطاقة المتجددة فً سد الطلب على الطاقة الحضرٌة, مما أدى الى ظهور مفردة جدٌدة ضمن  -12

الاٌكولوجٌة و الرؤٌة النهائٌة لها, وهً محطات إنتاج الطاقة و منظوماتها الفرعٌة المنتشرة ضمن المخطط العام للمدٌنة 

 فضاءات هذهِ المدٌنة و فوق سطوح أبنٌتها .

إنطلاق قرارات تصمٌم الابنٌة المنفردة من نف  الاهداف و الرؤى العامة التً تسعى الٌها المدٌنة الاٌكولوجٌة, و  -13

ل الطلب على الاراضً و الطاقة والموارد؛ وذلك عن طرٌق تأهٌل الابنٌة المستدامة, و توظٌف ستراتٌجات المتمثلة بتقلٌ

 التصمٌم المنفعل ضمنها .
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عدّ المخرجات ) النفاٌات و مٌاه الصرف الصحً ( مصدراً للطاقة التً تتجدد باستمرار وجود الانسان فً المدن  -14

 كونها مواد ضارة ٌجب التخلص منها.ضمن الطبٌعة, و النظر الٌها بوصفها مورداً للطاقة أكثر من 

 :مصــــادر و المــــراجعال

 المصادر العربٌة :

 جامعة , مجلة لمدن العراق الحضري والتصمٌم التخطٌط فً الأٌكولوجٌة الأنطقة أثر (,9002) العانً إٌنا  و العكام أكرم 

 .9002لعام - الأول العدد -والعشرون الخام  المجلد , الهندسٌة للعلوم دمشق

 بحث منشور فً مجلة الهندسة /  الطاقة على للحفاظ كأستاس المستتام البٌئً والتصمٌم التخطٌط(, 2008رفو ) آل لٌنور ,

 (.442الى ص 420, من ص 2008,عام 13, مجلد 3جامعة بغداد ) عدد 
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ٌقدم  (Odem)نموذج إ( 1شكل )

توضٌحاً مبسطاً للعلاقات الاساسٌة 

. فً النظام الاٌكولوجً  والارتباطات

نموذج بالبساطة ٌتمٌز هذا الإ

ٌشٌر الى الاستدامة عن  , إذوالوضوح

طرٌق  التدوٌر والخزن و الارتباط مع 

  Williamsالمصادر المتجددة  )

D.E., 2007,p3, . ) 

 

 

 (Odem)نموذج أستخدام إ( 2شكل )

 لإنشاء المدن الاٌكولوجٌة, إذ كإنموذج

تمثل الفعالٌات الحضرٌة الكائنات 

فً حٌن تشكل النفاٌات  ,المستهلكة

ٌة ئالناتجة عن هذهِ الفعالٌات المواد الغذا

طرٌق اعادة تدوٌرها أن التً ٌمكن عن 

  دةالمتجد تكون مصدراً للطاقة
(Williams D.E., 2007,p3) . 

 

 Tain G. & Zhang L.,2013,p108))( منهجٌة التنطٌق الوظٌفً الاٌكولوجً 3شكل)

http://www.epa.gov/smartgrowth
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http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Daniel+E.+Williams
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Daniel+E.+Williams
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 تقييم مشاريع التشييد عمى اساس التقييم الكمي وباستخدام نظام الخبير
 أ.م.د. انتصار كاظم رشيد
 قسم اليندسة المدنية

 كمية اليندسة / جامعة بغداد
 

 الخلاصة
الانشائية من المواضيع الميمة التي يجب ان تولي اىتماماً خاصاً لأىميتيا وذلك لغياب يعتبر موضوع تقييم نوعية المشاريع 

المعايير الكمية لقياس أعمال السيطرة والتقييم النوعي للأعمال في مشاريع التشييد حيث ان الواقع الحالي يعتمد عمى خبرة 
 حدوث اختلافات واضحة في عممية التقييم. العاممين والتي تعتمد عمى اساس الوصف النوعي لمعمل مما يؤدي الى

لقد جاءت فكرة ىذا البحث لوضع معايير لتقييم نوعية المشاريع في نظام خاص بالاعتماد عمى اساس المقياس الكمي وليس 
"   Crystalالنوعي والتوصل الى إعداد نظام خبير لتطبيق ىذا النظام باستخدام الحاسوب الالكتروني وبتطبيق نظام الخبير " 

 لممشاريع الانشائية بسيولة ودقة وموضوعية اكثر.لتمكين الميندسين والمسؤولين ذوي العلاقة من إجراء التقييم النوعي 

 

Valuation of Construction Projects Based on of Quantity Scale by using 

Expert System 

Asst. Prof.Dr. Entisar Kadhim  Rasheed 

Department of Civil Engineering 

College of Engineering 

Baghdad University 

E-mail:int.pros_62@yahoo.com 

 

ABSTRACT 

The subject of an valuation of quality of construction projects is one of the topics which it 

becomes necessary of the absence of the quantity standards in measuring the control works and 

the quality valuation standards in constructional projects. In the time being it depends on the 

experience of the workers which leads to an apparent differences in the valuation. 

The idea of this research came to put the standards to evaluate the quality of the projects in a 

special system depending on quantity scale nor quality specifying in order to prepare an expert 

system “ Crystal “ to apply this special system to able the engineers to valuate the quality of their 

projects easily and in more accurate ways.  
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 المقدمة 
ىذا العمل خلال مراحمو المختمفة، حيث ان الأمر لايمكن التعبير بسيولة عن جودة العمل الانشائي في الوقت الذي يمر فيو 

 يتطمب تقييم الجودة ) جودة العمل ( خلال كل مرحمة عمى حدة قبل ان يتم التعبير عن جودة العمل الانشائي بشكل شامل.

لمواد المستعممة ان من الامور الميمة التركيز عمى الاسموب العممي والعممي في تقييم عممية تنفيذ المشاريع والاىتمام بجودة ا
الانشاء وضمان سير العممية التنفيذية في تمك المشاريع بشكل صحيح يخمو من الانحرافات النوعية في التنفيذ وبنوعية وطرق 

وذلك لأىمية قطاع التشييد في عممية التنمية والاستثمار عممياً وعالمياً ولكبر حجم ىذا الاستثمار في ىذا القطاع وفي تشييد 
 كل خاص.المباني بش

ان جميع مراحل التشييد التي يمر بيا أي مشروع ىي: مرحمة القرار ودراسة الجدوى، مرحمة التصميم، مرحمة الانشاء، ومرحمة 
(% من 95 – 90التشغيل والصيانة، تعتمد بشكل رئيسي عمى عمميات تنفيذ المشروع. وحيث ان تنفيذ المشروع ينفق عميو )

لذلك فان مفيوم النوعية وادارتيا والسيطرة عمييا يمثل حيزاً كبيراً من الاىتمام في  (1992، )السقاالكمفة الكمية لممشروع 
 الدراسات والبحوث لما لمنوعية من تأثير في دقة تنفيذ المشروع.

 أىداف البحث -1
 يمكن تمخيص أىداف البحث بما يمي:

لانشائية في القطر حيث يمكن اعتماد ىذا النظام في صياغة نظام لمعايير التقييم النوعي في قطاع التشييد لممشاريع ا 2-1
تقييم نوعية الاعمال المنفذة . يعتمد ىذا النظام عمى وضع معايير كمية قابمة لمقياس اضافة الى الخبرة المتوفرة لدى العاممين 

كما ويقترح النظام الاعتماد ولكن بصورة غير مباشرة اي عدم الاعتماد عمى الخبرة الشخصية المتراكمة فقط في عممية التقييم. 
عمى اساس شيري كحد ادنى وخصوصاً ان انظمة تقدم العمل لممشاريع بمختمف المجالات والالتزامات المالية الاخرى ليا 

وكما ان ىذه المدة تستخدم لقياس التقدم في تنفيذ الاعمال الجارية والفقرا اللاحقة ليا  (1986)شروط المقاولة، تكون شيرية 
 بالنظر لأن معظم اعمال التقييم السائدة حالياً تعتمد التقييم الشيري )اي يتم التقييم لنوعية الأعمال في نياية كل شير(.

منفردة وللأعمال مجتمعة وذلك لان ذلك يؤدي الى تحسين  ويتضمن ىذا النظام وضع حدود لمتطمبات القبول لفقرات التشييد
النوعية بصورة فعالة من اجل الوصول الى مشاريع بمستوى نوعي يتناسب مع التطورات الحاصمة في قطاع التشييد خاصة 

 والتطورات المتسارعة في النشاطات الاخرى العامة.

لنوعي لممشاريع بالاعتماد عمى المعمومات التي تملأ موقعياً في إعداد نظام حبير لتطبيق المقترح لمعايير التقييم ا 2-2
 استمارات خاصة تعد بشكل خاص ليذا الغرض.

 منيجية البحث -2
 من اجل تحقيق اىداف البحث فان منيجية اجراء البحث قد اتخذت المراحل التالية:

 : الجانب النظري 3-1
المجلات والمنشورات العممية لغرض جمع المعمومات الواردة في ىذا والمصادر و  لقد تناول الجانب النظري مراجعة الأدبيات

 المجال وما كتب حول ىذا الموضوع.
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 الجانب العممي : 3-2

جراء المقابلات الشخصية مع المعنيين من جيات فنية  3-2-1 لقد أنجز الجانب العممي من خلال الاستبيان الميداني وا 
ومات والتفاصيل من اجل تحديد صورة واقع الحال لاساليب تقييم نوعية الاعمال متخصصة عاممة في ىذا المجال لجمع المعم

ولمعرفة العوامل المؤثرة في نوعية الاعمال وبالاعتماد عمى نتائج الاستبيان وتحميميا ثم اقتراح نظام لتقييم نوعية الاعمال في 
 طروحة في الدراسة النظرية.المشاريع الانشائية استناداً الى واقع الحال وتطويراً للأساليب الم

 إعداد استمارات خاصة لمتقييم بموجب النظام المقترح تتضمن معمومات تملأ وموقعياً. 3-2-2

إعداد نظام خبير ذو قاعدة معمومات خاصة تستخدم المعمومات الواردة في استمارات التقييم الخاصة لغرض الوصول  3-2-3
 الى التقييم النيائي.

 البحث( )الجانب النظري من

 المفاىيم الاساسية لمنوعية -1

بأنيا مجموعة خصائص ومميزات منتج او خدمة ذات صمة بمقدرتو عمى الايفاء بحاجة معينة،   Qualityتعرف النوعية 
وتعرف ايضاً بأنيا مجموعة الخصائص والمميزات التي تؤىل منتجاً او خدمة للاستجابة لمحاجات الظاىرة 

 .(2000)القزاز،والضمنية

فيي نظام برمجة وتنسيق جيود المجاميع المختمفة في منظمة معينة لغرض   Quality Controlاما السيطرة النوعية  
وتعرف ايضاً عمى انيا التقنيات التشغيمية والافعال التي  (2000)القزاز،او لتحسينيا بطريقة اقتصادية المحافظة عمى النوعية 

 .(ACI Committee,1985)تستخدم للايفاء بمتطمبات النوعية

( والتي Quality assurance( ومفيوم توكيد النوعية )Q.Cومن الضروري التذكير ىنا بالفرق بين مفيوم السيطرة النوعية )
ىي عبار ة عن التقنيات النظامية المخططة والضرورية لمتأكد من ان المنتوج النيائي يستحق الغرض الذي انتج من اجمو. 

( بينما تمثل توكيد النوعية اداة ادارية Production Toolقول ان السيطرة النوعية ىي اداة انتاج )وبعبارة اخرى يمكن ال
(Management Tool.وتجدر الاشارة الى ان موضوع البحث يقع في مجال توكيد النوعية ، ) 

 السيطرة النوعية في قطاع التشييد -2

التشييد تختمف نسبياً عن تمك الخاصة بالصناعة وذلك لطبيعة قطاع من الضروري التركيز بأن السيطرة النوعية في قطاع 
 :(Rounds,et al.,1985)التشييد والمتمثل بالخصائص التالية

 ان معظم مشاريع التشييد غير متكررة اي انيا تتشابو في خطوطيا العامة ولكنيا تختمف في كثير من التفاصيل. 2-1

 قع التشييد متغيرة من موقع الى اخر.ان مواقع الصناعة ثابتة بينما موا 2-2
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( سنة 100الى اكثر من )ان دورة عمل المنتوج الصناعي قصيرة بينما دورة عمل وعمر العمل الانشائي طويمة قد تصل  2-3
 لبعض المنشآت.

 عدم وجود مقاييس نظامية لجودة العمل الانشائي مثل تمك الموجودة في قطاع الصناعة. 2-4

المنشآت ىي منتوج او عمل نيائي فان صاحب العمل قد يتدخل باجراء التعديلات التي يحتاجيا اثناء بالنظر لكون  2-5
 التنفيذ.

ان جميع اطراف عممية التشييد )المالك، المصمم، المقاول الرئيسي، المقاولين الثانويين، المجيزين( تختمف من مشروع  2-6
نوعية لممشاريع تختمف عن الاعمال النمطية او الصناعات وتتركز لآخر. يتضح بأن ىناك خصوصية في اعمال متابعة ال

عمى الخبرة المكتسبة من المشاريع السابقة حيث يتطمب التعريف بالملاحظات والنواقص وعدم المطابقة بشكل مبكر لغرض 
 (.2000قصير، (شغالتلافييا اولًا بأول وذلك لصعوبة تصحيح الاخطاء واجراء المعالجات اللاحقة او عند الاستلام والإ

 )الجانب العممي لمبحث(

 :اولًا : إعداد الاستبيان وتحميمو

 تحديد حجم العينة :1-1

( ميندس 50من مجتمع المعنيين في المجتمع اليندسي ممثمة في عدد من الميندسين بمغ عددىم ) لقد تم اخذ عينة عشوائية
 والتي تتضمن تحديد حجم العينة بتطبيق المعادلة التالية : ASTM-E122-79وذلك اعتماداً عمى المواصفة الامريكية 

N = (F * S / E)2 

 حيث ان :

N حجم العينة = 

F معامل فترة الثقة = 

S الانحراف المعياري = 

E نسبة الخطأ = 

الدقة فقد تمت زيادة ( مستبين ولزيادة 38(% وبذلك يكون حجم العينة مساوياً الى )99.7لقد تم اختيار فترة الثقة مساوية الى )
( مستبين من الميندسين. تم اختيار افراد العينة من كوادر عممية وفنية بمختمف الاختصاصات وذوي 50حجم العينة الى )

( سنوات وكانوا بمناصب ادارية مختمفة بين استاذ جامعي، رئيس قسم، رئيس شعبة، 10خبرة في مجال التشييد تزيد عمى )
 قدم وخبير فني.رئيس ميندسين، ميندس ا
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 تصميم اسئمة الاستبيان 2 -1
لقد تم تصميم استمارة استبيانشممت نوعان من الاسئمة، اسئمة تتعمق بالمستبين ذاتو واخرى تتعمق بموضوع تقييم نوعية الاعمال 

( حيث روعي عند تصميم الاستبيان اساسيات التنفيذ لفقرات الاعمال في 1في المشاريع الانشائية كما في الممحق رقم )
 لعممية والعممية وممارساتيم في مجال التقييم النوعي ومراجعة الدراسات السابقة والأدبيات المشاريع من خلال خبرة الباحثين ا

المتعمقة بالموضوع مع الاستفادة من استقراء التجارب السابقة في عمميات التقييم النوعي في القطاع الصناعي والاستعانة 
قطعوا مرحمة متقدمة في مجال التقييم النوعي لأعماليم وذلك بالمفاىيم السائدة فيو وذلك لان المعنيين في القطاع الصناعي 

، Machines، المكائن Man power، العمال  materials( وىي : المواد 4mبالتركيز عمى المبادئ الاربعة والمسماة )
 .)القزاز واخرون(، والاسس الحديثة لادارة الجودة في الانتاج moneyوراس المال 

 وتحميل النتائجاستخلاص المعمومات 1-3
والذي يوضح فعالية الاجوبة لكل مستبين ( 2-1) ,( 11-لقد تم جمع اجوبة استمارات الاستبيان ثم تنظيميا في الجدول رقم )

وذلك لتسييل الدراسة واجراء التحميل والمقارنة المطموبة، عمماً بأن بعض الاسئمة لم تتم الاجابة عمييا وقد بمغت نسبتيا اقل من 
 من الاجوبة الكمية وىي نسبة قميمة ومقبولة احصائياً. وبعدىا تمت دراسة الاجوبة وكما يمي:( % 0.5)

%( من اجوبة المستبينين كان الاسموب الامثل المفضل لدييم لتقييم نوعية الاعمال الانشائية 80لقد اتضح ان ) -1
كان الاسموب الأمثل المفضل لدييم ىو %( منيا فقط 20المنفذة ىو اسموب )تقييم تفصيمي لمفقرات المنفذة( بينما )

 )التقييم العام لمعمل(.
%( تؤكد بأن المبدأ المفضل اتباعو في تقييم الاعمال المنفذة 56لقد كانت النسبة الاكبر من اجوبة المستبينين وىي ) -2

يعزى ذلك الى ان  %( منيا تفضل اتباع مبدأ )وجود نظام لتقييم الاعمال( وقد42ىو مبدأ )الخبرة المتراكمة( بينما )
عدد كبير من المستبينين كان من الميندسين ذوي سنوات خدمة طويمة وىذا يعكس تأقمميم مع مبدأ الاعتماد عمى 
خبرتيم المتراكمة في تقييم نوعية الاعمال، رغم ان لدييم الطموح في وضع نظام لتقييم نوعية الاعمال وىذا نجده 

 ( ادناه.4)في استمارة الاستبيان( والموضح التعميق عمييا في النقطة ) واضحاً في اجاباتيم عن السؤال الرابع
وبخصوص العوامل التي اختيرت في البحث ايتم اخذىا بنظر الاعتبار عند التقييم باتباع مبدأ الخبرة المتراكمة فان  -3

المواد الاولية(،  %( من الاجوبة رشحت العامل )جودة70نسب عالية من المستبينين أيدوا ىذه العوامل حيث ان )
%( منيا 54%( من الاجوبة رشحت العاممين )كفاءة العاممين( و )الاجراءات المتخذة لضمان حسن التنفيذ(، )72)

 رشحت العامل )نوعية العمل المستمم(.
%( تعتقد بوجود حاجة لوضع نظام لتقييم نوعية الاعمال بينما 88لقد اتضح بأن عدد كبير من اجوبة المستبينين ) -4

%( منيا فقط لاتعتقد ذلك، وىذا يؤكد اىمية موضوع ىذا البحث في التوصل الى اقتراح نظام لتقييم نوعية 12)
 الاعمال الانشائية.

من اجل التوصل الى اقتراح اسموب التقييم فمقد تم جمع اجوبة المستبينين عمى الاسئمة الخاصة بذلك وتمت دراستيا  -5
( 2احصائياً وذلك باستخراج التكرار ليذه الاسئمة ضمن الفترات المحددة في الاستبيان وكما موضح في الجدول رقم )

كأسموب احصائي بسيط وشائع في  (1983لح واخرون، )ابو صااعلاه ومن ثم ايجاد قيم المتوسط الحسابي 
 الدراسات الاحصائية بتطبيق المعادلة التالية:
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 مجموع )مركز الفئة * تكرارىا(                             
 (1) -----ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــالمتوسط الحسابي = 

 مجموع التكرار                                             

رجات التأثير ( يوضح الحسابات الخاصة بايجاد قيم المتوسط الحسابي حيث تم تقسيم كل فترة من فترات د2ان الممحق رقم )
عامل. لقد تم الى فئات بحيث يكون مركز اول فئة وآخر فئة ىو رقم البداية والنياية لتمك الفترة من فترات درجات التأثير لذلك ال

اقتراح درجات تأثير معينة لكل عامل وبشكل فترات وذلك كدليل يسيل لممسنين تحديد درجة التأثير المطموبة في تحديد 
 معاملات النظام المقترح.

 العوامل المؤثرة عمى نوعية العمل المنفذ: 5-1

ة الاستبيان( لكل عامل من العوامل المؤثرة عمى نوعية لتوضيح العوامل الفنية المؤثرة فقد تم تنظيم قيم المتوسط الحسابي )نتيج
( ادناه حيث ان المتوسط الحسابي يمثل القيمة المثمى لدرجة تأثير ذلك العامل عمى تقييم نوعية 2العمل المنفذ في الجدول رقم )

 العمل لمفقرة المعينة.

 : اعمال ادارة النوعية في المشروع 5-2

 ( Round, 1985رجة تأثير عوامل الادارة النوعية )سابي )نتيجة الاستبيان( اي القيم المثمى لدلقد تم توضيح قيم المتوسط الح
 ( والتي تمثل العوامل الادارية المؤثرة.3عمى تقييم نوعية العمل المنفذ في المشروع في الجدول رقم )

 درجة تأثير العوامل الفنية والادارية عمى مجمل النوعية : 5-3

قيم المتوسط الحسابي لدرجة تأثير العوامل الفية والعوامل الادارية عمى مجمل نوعية الاعمال في المشروع الواردة لقد تم تنظيم 
 ( .4( اعلاه في الجدول رقم )2-5( و )1-5في الفقرتين )

 ثانياً : النظام المقترح لمعايير التقييم النوعي لممشاريع الانشائية :

التي تكون الييكل العام لمنظام المقترح لمعايير التقييم النوعي لممشاريع الانشائية، تم اقتراح بعد ان تم التوصل الى العناصر 
الصيغة النيائية لمنظام المقترح لتكون ممكنة التطبيق من قبل الدوائر ذات الصمة بالموضوع لما في ذلك كمن اىمية وفائدة 

 سموبين وكما يأتي :عامة. لقد تم توضيح الصيغة النيائية لمنظام المقترح بأ

( حيث تمثل الاستمارة 3الاسموب الأول : إعداد نموذجين لإستمارات تقييم نوعية المشاريع الانشائية وكما في الممحق رقم )
الاولى اسموب تقييم نوعية الاعمال وفقاً للأبنية التي يتكون منيا المشروع الانشائي الواحد، بينما تمثل الاستمارة الثانية اسموب 

حيث تملأ المعمومات في تمك الاستمارات موقعياً للاستفادة منيا في قييم نوعية الاعمال وفقاً لفقرات المشروع الانشائي ككل. ت
الاسموب الثاني، حيث تم تقسيم الاعمال الى ثلاثة فقرات رئيسية ىي ) اعمال الييكل، اعمال الانياءات، واعمال 

 الكيروميكانيك (.
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تي تملأ من قبل الميندس المقيم قيامو بتثبيت وزن كل من ىذه الفقرات من العمل الكمي لذلك الشير ) من ضمن المعمومات ال
اعتماداً عمى كمفة المشروع ( ويتم ذلك ) بالاعتماد عمى المعمومات المتوفرة في تخطيط المشروع من قسم التخطيط الفني 

 المعمومات فيتم تقديرىا من قبل الميندس المقيم حسب خبرتو. لممشروع لاوزان ىذه الفقرات ( اما في حالة عدم توفر ىذه

" في إعداد نظام بإسم ) النظام المقترح   Crystalالاسموب الثاني : استخدام الحاسوب الالكتروني وتطبيق نظام الخبير " 
حث من خلال ادخال المعمومات لمعايير التقييم النوعي لممشاريع الانشائية ( وذلك لتسييل تطبيق النظام المقترح في ىذا الب

 المثبتة في الاستمارات الحقمية المقترحة في الاسموب الاول.

 ان النظام المقترح لمعايير التقييم النوعي لممشاريع الانشائية ىو كما يمي :

 دليل اوزان التقييم لحفمي لمعاممين في التقييم النوعي :

 ) العوامل الفنية ( : –لعمل المنفذ أولًا : درجة تأثير العوامل المؤثرة في نوعية ا

 نوع الفقرة وصف الفقرة التسمسل
 اعمال الكيروميكانيك اعمال الانياءات اعمال الييكل

 % -وزن العامل  % -وزن العامل  % -وزن العامل 
 39 25 35 المواد الاولية الداخمة في العمل -1
 16 17 18 الادوات والعدد المستعممة في العمل -2
 20 25 23 اعمال الضبط والتشغيل والتنفيذ وكفاءة العاممين -3
 19 27 17 نوعية العمل النيائي المنفذ -4
 6 6 7 اعمال الختم وتلافي النواقص ورفع الانقاض -5

 %100 %100 %100 المجموع
 ) العوامل الادارية ( : –ثانياً : درجة تأثير اعمال ادارة النوعية في المشروع 

 % -وزن العامل  وصف العامل المؤثر التسمسل
اسموب ادارة  نوعية الاعمال واصدار التعميمات الخاصة بيا لمعاممين ومدى تطبيق  -1

الاجراءات المطموبة لضمان الجودة ) تكامل الوثائق الفنية، كفاءة العاممين، اجراء 
 الفحوصات ومتابعة النوعية في العمل(.

78 

العمل في الموقع والادارة )حركة الآليات والمواد والعاممين ونظافة وتنظيم اسموب تنظيم  -2
 الموقع(.

22 

 %100 المجموع
 اعلاه عمى مجمل النوعية : لثالثاً : درجة تأثير العوام

 % -وزن العامل  نوع العوامل التسمسل
 78 العوامل الفنية الواردة في ) اولًا ( اعلاه . -1
 22 الادارية الواردة في ) ثانياً ( اعلاه .العوامل  -2

 %100 المجموع
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 لقد تم اقتراح نسب معينة لدرجة تقييم نوعية المشروع الانشائي وكما يمي :

 درجة تقييم النوعية % -النسبة 
 غير مقبول نوعية الاعمال رديئة %(65اقل من )

 نوعية الاعمال دون المتوسط (69% – 65)
 نوعية الاعمال متوسطة (74% – 70)
 مقبول نوعية الاعمال جيدة (79% – 75)
 نوعية الاعمال جيدة جداً  (84% – 80)
 نوعية الاعمال ممتازة (89% – 85)
 نوعية الاعمال متميزة ) فائقة النوعية ( (100% – 90)

لقد تم الاعتماد في اقتراح ىذا النظام عمى دراسة اسس التقييمات لنوعية المشاريع في الشركات المقاولة ونسب التقييم فييا 
(% فما فوق اي بدرجة 70المشاريع نسبة )( حيث حققت معظم ىذه 2002 -2000والتي تم تحقيقيا مؤخراً خلال سنة )

 (% لمسنوات القادمة وذلك للأسباب التالية:75الى ))جيد( وقد اقترح البحث زيادة نسبة النجاح 

رفع الحد الأدنى لنجاح المشروع الانشائي وىذا يمثل نوع من انواع التشدد النوعي ومتابعة ايجابية لتحسين النوعية، لذا  3-1
اريع الى تحقيق نتائج فبتطبيق ىذا النظام يمكن دفع العاممين لمعمل بدقة وحرص أعمى من اجل تحسين نوعية العمل ودفع المش

 نوعية أعمى.

ان ىذا المقترح يعد مؤشراً لتحديد كفاءة العاممين في ذلك المشروع من اجل معرفة مدى امكانية تكميفيم بمشاريع اخرى.  3-2
والعكس فالمشاريع التي تحقق درجة نوعية اعمال عالية يستحق العاممون فييا تكميفيم بواجبات قيادية تنفيذية في مشاريع اخرى 

 صحيح.

 اختيار مشاريع ذات درجة نوعية عالية لأغراض التمييز في صرف الحوافز والمكافئات. 3-3

لقد تم تقييم ىذا النظام المقترح باعتماد تطبيقو في مشاريع إحدى الشركات )شركة الفاو لممقاولات كحالة دراسية( وكانت نتيجة 
 التقييم ايجابية.

 ثالثاً : وصف النظام الخبير:

وتختزنيا لغرض الإفادة توصف الانظمة الخبيرة عادة بأنيا انظمة قاعدة المعمومات أو الانظمة التي تستقطب خبرة لخبراء 
 .Ficher & Schultz (Ficher,et al. وقد عرف  Intelligent Assistantsمنيا، لذلك قد توصف بالمساعدة الذكية 

النظام الخبير بأنو النظام الذي يسمح باجراء محاورة بين الآلة ) الحاسوب ( والمشغل لمحصول عمى المعمومات بشكل  (1991
عطاء التوصيات.  بيانات مشاىدة والتي تساعد في عممية اتخاذ القرارات وا 

 :ىيكل النظام الخبير 3-1

 وىي : (Ficher,et al. 1991) يتكون ىيكل النظام الخبير من اربعة اجزاء او عناصر
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   Knowledge acquisition facilityوسيمة اكتساب المعرفة  3-1-1

ان وسيمة اكتساب المعرفة تعني الحصول عمى المعرفة لممجال المعين بواسطة مصدر ما ) عادة انشائي ( وبناء ىذه المعرفة 
 ، تكتسب المعرفو اما عن طريق :( Robert, 1986)في نظام حاسوب 

 الخبراء اومقابمة  -1
 معارف مستقاة من الدراسة الميدانية او -2
 المعرفة المستقاة من البحوث المعرفية او  -3
 برامج الحاسوب الخارجية التي تساعد في تقديم البيانات المعرفية لمنظام او -4
 إعادة النظر في المعمومات التي سبق ان اكتسبيا الباحث عن المواضيع المتعمقة بالبحث. -5

   Knowledge baseرفة قاعدة المع 3-1-2

تتكون من قواعد صغيرة لممعارف مختمفة نوعياً عن قواعد البيانات وان ادامتيا عمى المدى الطويل يختمف كذلك عن ادامة 
قاعدة البيانات ولايقل عن ذلك اىميةً، لان قاعدة المعرفة تعتبر كمخزن لممعمومات والتي تتغير بمرور الزمن وذلك بتغير 

 العمل.

   Inference engineماكنة الاستنتاج  3-1-3

وىي المسؤولة عن ادارة النظام والسيطرة عمى وسائل اتصال المستخدم وعن خزن النعرفة في قاعدتيا ثم تحديد اي من 
المعارف ينبغي استخداميا وتسجيل الاسباب الكامنة وراء كل توجيو ربما يوصي بو النظام. ان ماكنة الاستنتاج تحمل الوظيفة 

 سيا التي يستعمميا الخبراء وىي طريقة النقاش المنطقي والتي يستثمرون فييا معارفيم لحل مشكمة ما.نف

   User interfaceوسيمة اتصال المستخدم  3-1-4

وىي جزء ضروري من النظام الخبير واجبيا ىو معالجة جميع الاتصالات بين المستخدم والنظام الخبير. عادة ما تعتمد بشكل 
 طبيعة وسيمة الاتصالات والطريقة التي تستحضر بيا المعمومات لممستخدم. كبير عمى

 بناء نظام خبير لتطبيق النظام المقترح لمعايير التقييم النوعي لممشاريع : 3-2

تم فقد تم بناء قاعدة المعمومات من قبل ميندس المعرفة )الباحثة( ولمعرفة كيفية استخدامو فان ذلك ي لأجل بناء نظام الخبير
" حيث تظير شاشة الحاسوب قائمة  Crystalعن طريق المحاورة بين المشغل والنظام وذلك عند تشغيل النظام الخبير " 

 ". Crystalاختيار تتضمن ايعازات البرنامج " 

عمى  " ثم الضغط File" او اختيار الايعاز "  Fولمدخول الى فايلات النظام الخبير فان عمى المشغل الضغط عمى الحرف " 
" او   Load Knowledge Base" وبذلك تظير قائمة اختيار ثانوية . وبعد ذلك يختار المشغل الايعاز "  Returnالمفتاح "

" لغرض تحميل الممف الخاص بنظام الخبيرلتطبيق معايير التقييم النوعي الذي يظير ضمن قائمة  Lالضغط عمى الحرف "
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المخزونة. ولغرض تشغيل نظام الخبير ىذا فان عمى المشغل تحويل المؤشر الى  اختيار ثانوية اخرى تتضمن جميع الممفات
" حيث ستظير الشاشات الخاصة بتشغيل النظام الواحدة تمو الاخرى . لقد تم توضيح نموذج من ىذا البرنامج   Runالايعاز " 

 (.4في الممحق رقم )

 رابعاً : الاستنتاجات :

 استنتاجات في النقاط التالية:يمكن توضيح ماتم التوصل اليو من 

لقد تبين بأن عدداً كبيراً من المستبينين يؤيد موضوع البحث بضرورة اتباع نظام معين لتقييم نوعية الاعمال الانشائية  -1
 من اجل تقييم المشروع الانشائي بشكل دقيق.

الجة الموقف وذلك لأن النوعية غير ان اتباع نظام معين لتقييم نوعية المشاريع يعطي مؤشراً مبكراً لمنوعية لغرض مع -2
 الجيدة تسبب مشاكل في المجالات التالية :

 تعثر اعمال الاستلام الاولي والنيائي. 2-1
 قبول ورضاء صاحب العمل او المسؤول الاعمى. 2-2
 زيادة كمف المعالجات مع الوقت والحيد والصيانة. 2-3
 المحافظة عمى سمعة الشركة. 2-4

الخبيرة ىي طريقة عممية وعممية لتسييل تطبيق النظام المقترح اعلاه لمعايير التقييم النوعي والاستفادة ان الانظمة  -3
 منو في تقييم مشاريعنا الانشائية.

 خامساً : التوصيات والمقترحات :

لمشاريعيم  يمكن اعتبار ىذا النظام كدليل لممعنيين من ذوي العلاقة، لذا نوصي بالعمل بو لمحصول عمى تقييم نوعي
 الانشائية، ونقترح ان يكون العمل بو لفترة تجريبية معينة يتم فييا تسجيل كافة النتائج.

 المصـــادر العربية:
 –حزيران  – 2"، المؤتمر الاردني لميندسة المدنية،  ضبط الجودة واسموب تنفيذ المبانيوليد أكرم، " السقا،  ●

 .53، ص 1992
اليندسة المدنية بقسمييا الأول والثاني، جميورية العراق، وزارة التخطيط، الدائرة القانونية، شروط المقاولة لأعمال  ●

1986. 
"، جميورية العراق، نقابة الميندسين  برنامج تدريبي حول السيطرة النوعية الأساسيةالقزاز، اسماعيل ابراىيم، "  ●

 .1، ص2000 –( ايمول 28-23العراقية، بغداد، )
"،  دراسة تحميمية لعممية ادلرة الجودة في المشاريع الانشائية لشركة الفاو اليندسية العامةعادل، "  قصير، سعد ●

دراسة مقدمة الى شركة الفاو اليندسية العامة ضمن اجتماع الانتاج الشيري حول واقع النوعية لمشاريع الشركة، 
 .2001 –حزيران 
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"، الناشر : مكتبة طرابمس العممية  ضبط الجودة النظرية والتطبيقالقزاز، اسماعيل ابراىيم وعادل عبد الممك، "  ●
 ليبيا. –العالمية والمعيد العالي لمصناعة 

"، جامعة اليرموك، إربد، الاردن، الناشر :  مبادئ الإحصاءأبو صالح، محمد صبحي وعوض، عدنان محمد، "  ●
 .1983 –نيويورك  –ناؤه جون وايمي وأب

 المصادر الاجنبية:
● ACI Committee 721, “ Quality Assurance System for Concrete Construction “. ACI Journal, 
July – August – 1985, p.538. 

● Rounds, J.L. and Chi N.Y., “ Total Quality Management for Construction Journal of 
Construction Engineering and Management”. Vol. 2, June – 1985, pp. 120-121. 

● ASTM – E122 – 79, “ Standard Recommended Practice for choice of Sample Size to 
Estimate the Average Quality of a Lot or Process”. 

● Fisher, H. and Schultz, G.A., “ An Expert System for Real time Operation of a Multi – Unit 
Reservoir System “. Ins. For Hydrology water management and Environment Eng. 1991. 

● Robert , K., “ Expert System Technology “, Prentice – Hall Inc. 1987. 

 

(4-1( اجوبة المستبينين للأسئمة )1-1رقم )جدول   

 النسبة المئوية للاجابات  السؤال
 %80 تقييم تفصيمي لمفقرات المنفذة -1

 %20 تقييم عام لمعمل 
 %56 الخبرة المتراكمة -2

 %42 نظام لتقييم الاعمال 
 %70 جودة المواد الاولية  -3

 %72 كفاءة العاممين 
 %72 لضمان حسن التنفيذالاجراءات المتخذة  
 %45 نوعية العمل المستمم 
 %88 نعم -4

 %12 نوعاً ما 
 --- كلا 
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( : اجوبة المستبينين لمسؤال الخامس2-1جدول رقم )  

السؤال 
(5) 

درجة تأثير  نوع العامل
 % -العامل 

 اعمال الييكل

  47-43 42-38 37-33 32-28 الفترة (45-30) المواد الاولية الداخمة في العمل-1 اولًا :
  10 10 13 13 التكرار

الادوات والعدد المستعممة في -2
 العمل

  32-28 27-23 22-18 17-3 الفترة (15-30)
  2 3 23 18 التكرار

اعمال الضبط والتشغيل والتنفيذ -3
 وكفاءة العاممين

  32-28 27-23 22-18 17-3 الفترة (15-30)
  8 9 21 6 التكرار

   27-23 22-18 17-13 الفترة (25-15) نوعية العمل النيائي المنفذ-4
   7 16 21 التكرار

اعمال الختم وتلافي النواقص -5
 ورفع الانقاض

   17-13 12-8 7-3 الفترة (5-15)
   5 17 24 التكرار

درجة تأثير  نوع العامل 
 % -العامل 

 اعمال الانياءات

  37-33 32-28 27-23 22-18 الفترة (30-20) الاولية الداخمة في العملالمواد -1 ثانياً:
  8 11 17 12 التكرار

الادوات والعدد المستعممة في -2
 العمل

  32-28 27-23 22-18 17-13 الفترة (15-30)
  2 9 13 23 التكرار

اعمال الضبط والتشغيل والتنفيذ -3
 وكفاءة العاممين

 42-38 37-33 32-28 27-23 22-18 الفترة (20-40
 5 2 11 17 13 التكرار

  42-38 37-33 32-28 27-23 الفترة (40-25) نوعية العمل النيائي المنفذ-4
  5 3 8 20 التكرار

اعمال الختم وتلافي النواقص -5
 ورفع الانقاض

   17-13 12-8 7-3 الفترة (5-15)
   8 8 30 التكرار

درجة تأثير  نوع العامل 
 % -العامل 

 اعمال الكيروميكانيك

  52-48 47-43 42-38 37-33 الفترة (50-35) المواد الاولية الداخمة في العمل-1 
  5 8 17 14 التكرار

الادوات والعدد المستعممة في -2
 العمل

   27-23 22-18 17-13 الفترة (15-25)
   6 8 29 التكرار

والتشغيل والتنفيذ اعمال الضبط -3
 وكفاءة العاممين

  32-28 27-23 22-18 17-13 الفترة (15-30)
  4 8 18 12 التكرار

  32-28 27-23 22-18 17-3 الفترة (30-15) نوعية العمل النيائي المنفذ-4
  5 3 16 17 التكرار

   17-13 12-8 7-3 الفترة (15-5)اعمال الختم وتلافي النواقص -5
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   5 16 22 التكرار ورفع الانقاض
 العوامل الاداريـــــــــــــــــــــــــــــــة 
اسموب ادارة  نوعية الاعمال -1 

واصدار التعميمات الخاصة بيا 
لمعاممين ومدى تطبيق الاجراءات 
المطموبة لضمان الجودة ) تكامل 

الوثائق الفنية، كفاءة العاممين، اجراء 
النوعية في الفحوصات ومتابعة 

 العمل(.

 92-88 87-83 82-78 77-73 72-68 الفترة (70-90)
 5 2 19 11 9 التكرار

اسموب تنظيم العمل في الموقع -2
والادارة )حركة الآليات والمواد 

 والعاممين ونظافة وتنظيم الموقع(.

 32-28 27-23 22-18 17-13 12-8 الفترة (10-30)
 9 11 19 2 5 التكرار

 92-88 87-83 82-78 77-73 72-68 الفترة (90-70) العوامل الفنية في )أولًا( اعلاه-1 ثالثاً :
 6 2 21 9 10 التكرار

 32-28 27-23 22-18 17-13 12-8 الفترة (30-10) العوامل الادارية في )ثانياً( اعلاه-2
 10 9 21 2 6 التكرار

 

المتوسط الحسابي )نتيجة لاستبيان( لمعوامل المؤثرة عمى نوعية العمل المنفذ قيم -( : العوامل الفنية 2جدول رقم )  

 نوع الفقرة
 أعمال الييكل

 % -نتيجة الاستبيان % -الحدود المقترحة لدرجة تأثير العامل  نوع العامل التسمسل
 35 ( 45 – 30)  المواد الاولية الداخمة في العمل -1
 18 ( 30 – 15)  في العملالادوات والعدد المستعممة  -2
 23 ( 30 – 15)  اعمال الضبط والتشغيل والتنفيذ وكفاءة العاممين -3
 17 ( 25 – 15)  نوعية العمل النيائي المنفذ -4
 7 ( 15 – 5)  اعمال الختم وتلافي النواقص ورفع الانقاض -5

 %100 المجموع
 اعمال الانياءات

 % -نتيجة الاستبيان % -المقترحة لدرجة تأثير العامل الحدود  نوع العامل التسمسل
 25 ( 35 – 20)  المواد الاولية الداخمة في العمل -1
 17 ( 30 – 15)  الادوات والعدد المستعممة في العمل -2
 25 ( 40 – 20)  اعمال الضبط والتشغيل والتنفيذ وكفاءة العاممين -3
 27 ( 40 – 25)  نوعية العمل النيائي المنفذ -4
 6 ( 15 – 5)  اعمال الختم وتلافي النواقص ورفع الانقاض -5

 %100 المجموع
 اعمال الكيروميكانيك
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 % -نتيجة الاستبيان % -الحدود المقترحة لدرجة تأثير العامل  نوع العامل التسمسل
 39 ( 50 – 35)  المواد الاولية الداخمة في العمل -1
 16 ( 25 0 5)  المستعممة في العملالادوات والعدد  -2
 20 ( 30 – 5)  اعمال الضبط والتشغيل والتنفيذ وكفاءة العاممين -3
 19 ( 30 – 15)  نوعية العمل النيائي المنفذ -4
 6 ( 15 – 5)  اعمال الختم وتلافي النواقص ورفع الانقاض -5

 %100 المجموع
 

المتوسط الحسابي لأعمال ادارة النوعية في المشروعقيم  -( : العوامل الادارية 3جدول رقم )  

الحدود المقترحة لدرجة تأثير  نوع العامل التسمسل
 % -العامل 

 % -نتيجة الاستبيان 

اسموب ادارة  نوعية الاعمال واصدار التعميمات الخاصة بيا  -1
لمعاممين ومدى تطبيق الاجراءات المطموبة لضمان الجودة ) 

نية، كفاءة العاممين، اجراء الفحوصات تكامل الوثائق الف
 ومتابعة النوعية في العمل(.

 (70 – 90 ) 78 

اسموب تنظيم العمل في الموقع والادارة )حركة الآليات  -2
 والمواد والعاممين ونظافة وتنظيم الموقع(.

 (10 – 30 ) 22 

 %100 المجموع
 

الاستبيان( لدرجة تأثير العوامل الفنية والادارية عمى مجمل النوعية للأعمال ( : قيم المتوسط الحسابي ) نتيجة 4جدول رقم )
 في المشروع

الحدود المقترحة لدرجة تأثير  نوع العامل التسمسل
 % -العامل 

 % -نتيجة الاستبيان 

 78 ( 90 – 70)  العوامل الفنية -1
 22 ( 30 – 10)  العوامل الادارية -2

 %100 المجموع
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(1رقم ) ممحق  

 نموذج استمارة استبيان

التحصيل الدراسي : ●  

  المنصب الاداري : ●

التخطيط          الادارة        الإشراف        التصاميم                   عدد سنوات الخبرة في مجال : التنفيذ ●  

  الاستشارات        المقاولات        .

( أمام العبارة التي تختارىا: √ضع اشارة )   

  ماىو الاسموب الامثل المفضل لديكم لتقييم الاعمال الانشائية المنفذة : -1
 تقييم عام لمعمل          تقييم تفصيمي لمفقرات المنفذة       .

  ماىو المبدأ المفضل اتباعو في تقييم الاعمال المنفذة : -2
 .        الاعمالالخبرة المتراكمة        نظام لتقييم 

 حدد العوامل التي يتم اخذىا بنظر الاعتبار عند التقييم حسب الخبرة المتراكمة : -3
 جودة المواد الاولية        كفاءة العاممين          الاجراءات المتخذة لضمان حسن التنفيذ          

 نوعية العمل المستمم          اخرى تذكر        .
 د حاجة لوضع نظام لتقييم الاعمال ؟ىل تعتقد بوجو  -4

 نعم          نوعاً ما          كلا        .
عطاء النسب التي تراىا مناسبة حسب رأيك : -5  يرجى دراسة اسموب التقييم المقترح ادناه بكل دقة وعناية وا 

 

 ) العوامل الفنية (: –أولًا : العوامل المؤثرة في نوعية العمل المنفذ 

 النسبة التي تراىا مناسبة في درجة تأثير العوامل ادناه عمى تقييم نوعية الفقرة المنفذة : يرجى تحديد

 نوع الفقرة تفاصيل الفقرة ت
 اعمال الكيروميكانيك اعمال الانياءات اعمال الييكل

 (%50 – 35) (%25 – 20) (%45 – 30) المواد الاولية الداخمة في العمل -1
 (%25 – 15) (%30 – 15) (%30 – 15) المستعممة في العملالادوات والعدد  -2
 (%30 – 15) (%40 – 20) (%30 – 15) اعمال الضبط والتشغيل والتنفيذ وكفاءة العاممين -3
 (%30 – 15) (%40 – 25) (%25 – 15) نوعية العمل النيائي المنفذ -4
 (%15 – 5) (%15 – 5) (%15 – 5) اعمال الختم وتلافي النواقص ورفع الانقاض -5

 %100 %100 %100 المجموع
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 ) العوامل الادارية ( : –ثانياً : أعمال ادارة النوعية في المشروع 

 يرجى تحديد النسبة التي تراىا مناسبة في درجة تأثير عوامل ادارة النوعية المدرجة أدناه عمى تقييمنوعية العمل المنفذ في المشروع :

فاءة اسموب ادارة النوعية واصدار التعميمات الخاصة بيا لمعاممين ومدى تطبيق الاجراءات المطموبة لضمان الجودة ) تكامل الوثائق الفنية، ك -1
             (%  90 – 70العاممين، اجراء الفحوصات ومتابعة النوعية في العمل (. )

 (%  30-10حركة الآليات والمواد والعاممين ونظافة وتنظيم الموقع (. )اسموب تنظيم العمل في الموقع والادارة )  -2

                     المجموع                                                              

  ثالثاً : يرجى تحديد النسبة التي تراىا مناسبة في درجة تأثير العوامل ادناه عمى مجمل النوعية :

  (%90 – 70العوامل الفنية في )اولًا( اعلاه.                                                 ) -1
 (%30 – 10العوامل الادارية في )ثانياً( اعلاه.                                              ) -2

 المجموع                                                      

 (2ممحق رقم )

 الحسابات الخاصة بايجاد قيم المتوسط الحسابي لدرجة تأثير العوامل عمى نوعية العمل

 أولًا : العوامل المؤثرة في نوعية العمل المنفذ:
 فقرة : اعمال الييكل:لنوع ا

 العوامل المؤثرة :
 المواد الاولية الداخمة في العمل : -1

 المتوسط الحسابي 45 40 35 30 مركز الفئة
 47 - 43 42 - 38 37 - 33 32 - 28 الفئة
 %35 10 10 10 13 التكرار

 الادوات والعدد المستعممة في العمل: -2

 متوسط الحسابي 30 25 20 15 مركز الفئة
 3218 - 28 27 - 23 22 - 18 17 - 13 الفئة
 %18 2 3 23 18 التكرار

 اعمال الضبط والتشغيل والتنفيذ وكفاءة العاممين : -3

 المتوسط الحسابي 30 25 20 15 مركز الفئة
 32 - 28 27 - 23 22 - 18 17 - 13 الفئة
 %23 8 9 21 6 التكرار
 
 
 
 

100%  

100%  
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 نوعية العمل النيائي المنفذ : -4

 المتوسط الحسابي 25 20 15 مركز الفئة
 27 - 23 22 - 18 17 - 13 الفئة
 %17 7 16 21 التكرار

 الانقاض : وتلافي النواقص ورفعأعمال الختم  -5

 المتوسط الحسابي 15 10 5 مركز الفئة
 17 - 13 12 - 8 7 - 3 الفئة
 %7 5 17 24 التكرار

 نوع الفقرة : اعمال الانياءات :

 العوامل المؤثرة :

 المواد الاولية الداخمة في العمل : -1

 المتوسط الحسابي 35 30 25 20 مركز الفئة
 37 - 33 32  28 27 - 23 22- 18 الفئة
 %25 8 11 17 12 التكرار

 الادوات والعدد المستعممة في العمل: -2

 المتوسط الحسابي 30 25 20 15 مركز الفئة
 32 - 28 27 - 23 22 - 18 17 - 13 الفئة
 %17 2 9 13 23 التكرار

 اعمال الضبط والتشغيل والتنفيذ وكفاءة العاممين : -3

 المتوسط الحسابي 40 35 30 25 20 مركز الفئة
 42 - 38 37 - 33 32 - 28 27 - 23 22 - 18 الفئة
 %25 5 2 11 17 13 التكرار

 نوعية العمل النيائي المنفذ : -4

 المتوسط الحسابي 40 35 30 25 مركز الفئة
 42 - 38 37 - 33 32 - 28 27 - 23 الفئة
 %27 5 3 8 20 التكرار

 أعمال الختم وتلافي النواقص ورفع الانقاض : -5

 المتوسط الحسابي 15 10 5 الفئةمركز 
 17 - 13 12 - 8 7 - 3 الفئة
 %6 8 8 30 التكرار

 نوع الفقرة : أعمال الكيروميكانيك :
 العوامل المؤثرة :
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 المواد الاولية الداخمة في العمل : -1

 المتوسط الحسابي 50 45 40 35 مركز الفئة
 52 - 48 47 - 43 42 - 38 37 - 33 الفئة
 %39 5 8 17 14 التكرار

 الادوات والعدد المستعممة في العمل: -2

 المتوسط الحسابي 25 20 15 مركز الفئة
 27 - 23 22 - 18 17 - 13 الفئة
 %16 6 8 29 التكرار

 اعمال الضبط والتشغيل والتنفيذ وكفاءة العاممين : -3

 المتوسط الحسابي 30 25 20 15 مركز الفئة
 32 - 28 27 - 23 22 - 18 17 - 13 الفئة
 %20 4 8 18 12 التكرار

 نوعية العمل النيائي المنفذ : -4

 المتوسط الحسابي 30 25 20 15 مركز الفئة
 32 - 28 27 - 23 22 - 18 17 - 13 الفئة
 %19 5 3 16 17 التكرار

 أعمال الختم وتلافي النواقص ورفع الانقاض : -5

 المتوسط الحسابي 15 10 5 مركز الفئة
 17 - 13 12 - 8 7 - 3 الفئة
 %6 5 16 22 التكرار

 ثانياً : أعمال ادارة النوعية في المشروع :

 العوامل المؤثرة :

فاءة اسموب ادارة النوعية واصدار التعميمات الخاصة بيا لمعاممين ومدى تطبيق الاجراءات المطموبة لضمان الجودة ) تكامل الوثائق الفنية، ك -1
 ومتابعة النوعية في العمل ( :العاممين، اجراء الفحوصات 

 المتوسط الحسابي 90 85 80 75 70 مركز الفئة
 92 - 88 87 - 83 82 - 78 77 - 73 72 - 68 الفئة
 %78 5 2 19 11 9 التكرار

 اسموب تنظيم العمل في الموقع والادارة ) حركة الآليات والمواد والعاممين ونظافة وتنظيم الموقع ( : 

 المتوسط الحسابي 30 25 20 15 10 مركز الفئة
 32 - 28 27 - 23 22 - 18 17 - 13 12 - 8 الفئة
 %22 9 11 19 2 5 التكرار
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 ثالثاً : العوامل الفنية والادارية المؤثرة عمى مجمل النوعية :
 العوامل المؤثرة :

 العوامل الفنية الواردة في )اولًا( : -1

 الحسابيالمتوسط  90 85 80 75 70 مركز الفئة
 92 - 88 87 - 83 82 - 78 77 - 73 72 - 68 الفئة
 %78 6 2 21 9 10 التكرار

 العوامل الادارية الواردة في )ثانياً( : -2

 المتوسط الحسابي 30 25 20 15 10 مركز الفئة
 32 - 28 27 - 23 22 - 18 17 - 13 12 - 8 الفئة
 %22 10 9 21 2 6 التكرار

 

 (3ممحق رقم )

 استمارة تقييم نوعية الاعمال لممشروع بموجب الفقرات الإنشائية

ــالمشاريع او المشروع : ــــــــــــــــــــــــــــــــــــــــــــــ                              تأريخ المباشرة : ــــــــــ  ـــــــــــــــــــــــــــــــ

ـــــــ                              تأريخ الإنجاز : ــــــــــــاسم البنـــــــــــــــــــــــــــــ ــــــــــــــــــاية : ــــــــــــــــــــــــــــــــــــــ  ـــــــــــــــــــــــــــــــ

 ( تقييم العوامل الفنية) 
 %       -وزن البناية من المشروع                      رقم البناية                                                                               

 ) اعمال الييكل (
وزن  وصف الفقرة

الفقرة من 
 -العمل 
% 

كفاءة المواد 
الاولية الداخمة 

في العمل 
(35)% 

كفاءة الادوات 
دد والع

المستعممة في 
 %(18العمل )

كفاءة اعمال الضبط 
والتشغيل والتنفيذ 
كفاءة العاممين 

(23)% 

نوعية العمل 
النيائي المنفذ 

(17)% 

أعمال الختم وتلافي 
النواقص ورفع الأنقاض 

(7)% 

 المجموع

1-        
2-        
3-        

 ) اعمال الانياءات (
وزن  وصف الفقرة

الفقرة من 
 - العمل
% 

كفاءة المواد 
الاولية الداخمة 

في العمل 
(25)% 

كفاءة الادوات 
والعدد 

المستعممة في 
 %(17العمل )

كفاءة اعمال الضبط 
والتشغيل والتنفيذ 
كفاءة العاممين 

(25)% 

نوعية العمل 
النيائي المنفذ 

(27)% 

أعمال الختم وتلافي 
النواقص ورفع الأنقاض 

(67)% 

 المجموع

1-        
2-        
3-        
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 ) اعمال الكيروميكانيك (
وزن  وصف الفقرة

الفقرة من 
 -العمل 
% 

كفاءة المواد 
الاولية الداخمة 

في العمل 
(39)% 

كفاءة الادوات 
والعدد 

المستعممة في 
 %(16العمل )

كفاءة اعمال الضبط 
والتشغيل والتنفيذ 
كفاءة العاممين 

(20)% 

نوعية العمل 
النيائي المنفذ 

(19)% 

أعمال الختم وتلافي 
النواقص ورفع الأنقاض 

(6)% 

 المجموع

1-        
2-        
3-        

 ( ) تقييم العوامل الادارية
درجة تأثير اسموب ادارة النوعية واصدار التعميمات الخاصة بيا لمعاممين ومدى تطبيق  -1

الاجراءات المطموبة لضمان الجودة ) تكامل الوثائق الفنية، كفاءة العاممين، اجراء الفحوصات 
             %(     78)                                         ومتابعة النوعية في العمل ( لذلك الشير. 

(20- 90             % ) 

درجة تأثير اسموب تنظيم العمل في الموقع والادارة ) حركة الآليات والمواد والعاممين ونظافة  -2
 %(22)                                    وتنظيم الموقع ( .                            

(10 – 3-        % ) 

 

 (4ممحق رقم )

 المقترح باستخدام نظام الخبير النظام

 

 

 

 

 

 

 

 

 

 

Crystal 

ان ىذا لبرنامج ىو نظام مقترح كدليل لمعايير تقييم نوعية العمل لأي مشروع انشائي في نياية  
 الشير المعين.

 اضغط مفتاح الإدخال

       كلا -2       √   نعم -1    عمى اساس اأبنية ؟د ىل التقييم المرا

√كلا     -2        نعم -1 ؟ الفقرات عمى اساس د ىل التقييم المرا  
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 يقوم ىذا البرنامج باجراء التقييم عمى اساس الأبنية

 اضغط مفتاح الإدخال لمبدء بتشغيل البرنامج

 أدخل عدد الأبنية         

       أدخل رقم البناية     

 نوع الفقرة : )اعمال الييكل( لمبناية رقم )1(

 في حالة عدم وجود اعمال الييكل أدخل القيم صفر

 ماىي درجة تأثيرالمواد الأولية الداخمة في العمل ؟

%( غير مقبول35 -% 30)  

%( مقبول45 -% 35)  

  
% 

 ماىي درجة تأثيرالمواد المستعممة في العمل ؟

%( غير مقبول18 -% 15)  

%( مقبول35 -% 18)  

 

 ماىي درجة تأثيراعمال الضبط والتشغيل والتنفيذ وكفاءة العاممين؟

%( غير مقبول25 -% 20)  

%( مقبول40 -% 25)  

  

 ماىي درجة تأثيرالعمل النيائي المنفذ؟
%( غير مقبول27 -% 25)  

%( مقبول40 -% 27)  
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النواقص ورفع الأنقاض؟ماىي درجة تأثيرأعمال الختم وتلافي   

%( غير مقبول6 -% 5)  

%( مقبول15 -% 6)  

  

( ىو:1اذن مجموع تأثير العوامل الفنية عمى أعمال الييكل لمبناية رقم )  

 )   %      (  

( ىو:1العوامل الفنية لأعمال الييكل لمبناية رقم )اذن مجموع تأثير   

 )   %      (  

 نوع الفقرة : ) اعمال الانياءات ( لمبناية رقم )1( :

 في حالة عدم وجود أعمال الييكل أدخل القيم صفر

 ماىي درجة تأثيرالمواد الأولية الداخمة في العمل؟

%( غير مقبول35 -% 30)  

%( مقبول45 -% 35)  

  

 اىي درجة تأثيرالمواد المستعممة في العمل؟
%( غير مقبول17 -% 15)  

%( مقبول30 -% 17)  

  

 ماىي درجة تأثيراعمال الضبط والتشغيل والتنفيذ وكفاءة العاممين؟
%( غير مقبول25 -% 20)  

%( مقبول40 -% 25)  

  

 ماىو تأثير اعمال الييكل من العمل الكمي لتمك البناية في ذلك الشير ؟  )    % (
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المنفذ؟ ماىي درجة تأثيرالعمل النيائي  

%( غير مقبول27 -% 25)  

%( مقبول40 -% 27)  

  

 ماىي درجة تأثيراعمال الختم وتلافي النواقص وزفع الأنقاض؟

%( غير مقبول6 -% 5)  

%( مقبول15 -% 6)  

  

( ىو:1اذن مجموع تأثير العوامل الفنية عمى اعمال الانياءات لمبناية رقم )  

) %     ( 

تأثير اعمال الانياءات من العمل الكمي لتمك البناية في ذلك الشير:ماىو   

) %     ( 

( ىو:1اذن درجة تأثير العوامل الفنية لأعمال الانياءات لمبناية رقم )  

) %     ( 

 نوع الفقرة : ) اعمال الكيروميكانيك ( لمبناية رقم )1( :

القيم صفرفي حالة عدم وجود اعمال الييكل ادخل   

 ماىي درجة تأثيرالمواد الاولية الداخمة في العمل؟

%( غير مقبول39 -% 35)  

%( مقبول50 -% 39)  

  

في العمل؟ المستعممةالمواد  ماىي درجة تأثير  
%( غير مقبول16 -% 15)  

%( مقبول25 -% 16)  
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؟ العاممين اعمال الضبط والتشغيل والتنفيذ وكفاءةماىي درجة تأثير   
%( غير مقبول20 -% 15)  

%( مقبول30 -% 20)  

  

؟ العمل النيائي المنفذماىي درجة تأثير   
%( غير مقبول19 -% 15)  

%( مقبول30 -% 19)  

  

اعمال الختم وتلافي النواقص ورفع الانقاض؟ماىي درجة تأثير   

%( غير مقبول6 -% 5)  

%( مقبول15 -% 6)  

  

( ىو:1لمبناية رقم ) الكيروميكانيكاذن مجموع تأثير العوامل الفنية عمى اعمال   

) %     ( 

من العمل الكمي لتمك البناية في ذلك الشير: الكيروميكانيكماىو تأثير اعمال   

) %     ( 

( ىو:1لمبناية رقم ) الكيروميكانيكاذن درجة تأثير العوامل الفنية لأعمال   

     () %  

ىو: مجموع اوزان الاعمال الفنيةاذن   

) %     ( 

 ادخل وزن البناية من المشروع

 % 

( يساوي )         % (1اذن مجموع اوزان الاعمال الفنية في ذلك الشيرلمبناية رقم )  

وىكذا تعاد خطوات البرنامج حسب عدد الابنية   
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 وىكذا تعاد خطوات البرنامج حسب عدد الابنية

 

 

 

 

 

العوامل الفنية لكافة الابنية يساوي )     % (اذن مجموع مجموع درجات تأثير   

ان النسبة المناسبة لدرجة تأثير العوامل الفنية عمى مجمل النوعية بموجب النظام المقترح ىي 
اذن وزن الاعمال الفنيةلممشروع في ذلك الشير : )     % ( –%( 78)  

ان درجة تأثير )اسموب ادارة نوعية الاعمال واصدار التعميمات الخاصة بيا لمعاممين ومدى 
تطبيق الاجراءات المطموبة لضمان الجودة ( عمى نوعية العمل بموجب النظام المقترح = 

فما ىي درجة تأثير ذلك عمى نوعية العمل لذلك الشير ؟ –%( 78)  

 % 

لاعمال ىي : )     % (اذن درجة تأثير اسموب ادارة نوعية ا  

ان درجة تأثير )اسموب تنظيم العمل في الموقع والادارة )حركة الآليات والمواد والعاممين ونظافة 
فما ىي درجة تأثير ذلك  –%( 22وتنظيم الموقع ( عمى نوعية العمل بموجب النظام المقترح = )

 عمى نوعية العمل لذلك الشير ؟

 
% 

 اذن درجة تأثير اسموب تنظيم العمل في الموقع ىي : )     % (

 اذن مجموع اوزان عاممي الادارة = )     % (

ان النسبة المئوية لدرجة تأثير العوامل الادارية عمى مجمل النوعية بموجب النظام المقترح ىي 
اذن وزن الاعمال الادارية لممشروع في ذلك الشير : )     % ( –%( 22)  

تقييم نوعية العمل لممشروع في ذلك الشير :        )     % (ان درجة   
 يمكن مقارنة ىذه الدرجة مع النسب المقترحة بموجب النظام:

العمل غير مقبول --------------(%               نوعية الاعمال رديئة 65اقل من )  
مل غير مقبولالع ---------(%        نوعية الاعمال دون المتوسط 96 – 65)          
العمل غير مقبول ------------(%        نوعية الاعمال متوسطة 74 – 70)          
العمل مقبول --------------(%        نوعية الاعمال جيدة 79 – 75)          
العمل مقبول -----------(%        نوعية الاعمال جيدة جداً 84 – 80)          
العمل مقبول -------------نوعية الاعمال ممتازة      (%   89 – 85)          
العمل مقبول  –(%      نوعية الاعمال متميزة ) فائقة النوعية ( 100 – 90)          

 

 


