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ABSTRACT 

This paper is devoted to investigate the effect of internal curing technique on the 

properties of self-compacting concrete (SCC). In this study, SCC is produced by using silica 

fume (SF) as partial replacement by weight of cement with percentage of (5%), sand is partially 

replaced by volume with saturated fine lightweight aggregate (LWA) which is thermostone 

chips as internal curing material in three percentages of (5%, 10% and 15%) for SCC, two 

external curing conditions water and air. The experimental work was divided into three parts: in 

the first part, the workability tests of fresh SCC were conducted. The second part included 

conducting compressive strength test and modulus of rupture test at ages of (7, 28 and 90). The 

third part included the shrinkage test, at ages (7, 14, 21, 28) days. The results show that 

internally cured SCC has the best workability, and the best properties of hardened concrete 

which include (compressive strength and modulus of rupture) then the externally cured SCC 

with both water and air as compared with reference concretes. Also, the hardened properties of 

internally cured SCC with replacement percentage of (10%) by thermostone chips is the best as 

compared with that of percentages (5% and 15%) for both external curing conditions. In general, 

the results of shrinkage test, showed reduction in shrinkage of internally cured SCC as compared 

with reference concrete. 

Key words: self-compacting concrete, internal curing, thermostone chips, silica fume. 

 

 فتات انكتم انخرسانَة انخهوٍة عمالاخهٌ باستتحسَن اداء انخرسانه راتَة انرص بواسطة الانضاج انذ
 

  ً فوزًنذى مهذ . دأ.                                                                                                                        انعوادً   راهَمإبعمار ٍحَي 
صاهعت بغذاد-كل٘ت الٌِذست                                                                         ّصاسة البلذٗاث   

 

 انخلاصة

 خشساًَ راح٘ت الشص. فٖ ُزٍ الذساسَال صائضاى الغشض هي ُزا البحذ ُْ الخحشٕ عي حأر٘ش حقٌ٘ت الوعالضَ الذاخلَ٘ علٔ خ
اساخبذاا الشها  حان ّ% ،  5حن اًخاس الخشسااًت راح٘ات الاشص باساخعواا  بااس ال ال٘تا كلساخبذاا صضئاٖ هاي ّصى ال اوٌج بٌ ابت 

كواادة هعالضات داخل٘ات ّبازسد ً ا   ُاْ فخااث التخا  الخشسااً٘ت الخلْٗات بشكام ًاعن خف٘ف الْصى ّهشبع ّصاف ال طح صضئ٘ا

ق ن العو  الوخخبشٕ فاٖ ُازٍ ، ظشف٘ي للوعالضت الخاسص٘ت ُوا الواء ّالِْاء. كاسخبذاا حضوٖ %(15%،11%،5ُٖ ) حضو٘ت

الذساسَ الٔ رسرت اصضاء اساس٘ت : فٖ الضضء الاّا حن اصشاء الفحْص الوخخبشٗت للخشسااًَ راح٘ات الاشص الطشٗاَ لاٗضااد قابل٘ات 

بأعوااس  للخشساًَ راح٘ات الاشص الوخصالبَ هقاّهت الاًزٌاء ّاء فحْص هقاّهت الاًضغاط الخشغ٘ . أها الق ن الزاًٖ ف٘خضوي اصش

لاْحع هاي اساخعشاض  ( ٗاْم .88، 81، 11، 7( ْٗم. ّالضضء الزالذ ٗخضوي اصاشاء فحاض الاًتوااا باعوااس ) 91،  88، 7)

حصاْا  خلْٗاتالتخا  الخشسااًَ٘ ال اثفخالخشسااًت راح٘ات الاشص الوعالضاَ داخل٘اا بل الطشَٗ ّالوخصلبَ خصائضالًخائش فحْص 

 ّحشاو  )هقاّهات الاًضاغاط ّالخاٖ  الوخصالبَخصاائض ال فاٖ هلحاْظحصاْا حح اي ّكازل  حح ي ّاضح فٖ قابل٘ت الخشاغ٘  

للخشسااًَ راح٘ات  الوخصالبَخصاائض كواا اى ال هقاسًات بالخشسااًَ الوشصع٘ات. فٖ كس ظشفٖ الوعالضَ الخاسصَ٘ هقاّهت الاًزٌاء(

. ّبشات  %( ُاٖ الافضا  ق٘اساا بٌ ا  الاساخبذاا الاخاش11ٓبٌ ابت اساخبذاا ) خلْٗاتالتخ  الخشساًَ٘ ال فخاثاا الشص باسخعو

 .داخل٘ا فٖ اًتواا الخشساًَ راح٘ت الشص الوعالضَّاضح عام بٌ٘ج الٌخائش حصْا ًقصاى 

 ،  باس ال ل٘تا.ْٗتخلالتخ  الخشساًَ٘ ال فخاثالخشساًَ راح٘ت الشص، الوعالضَ الذاخلَ٘،  كهمات رئَسَه:
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1. INTRODUCTION 

Self compacting concrete is characterized by high resistance to segregation that can be cast 

without compaction or vibration. It flows like honey, deaerates, self-compacts and has nearly a 

horizontal concrete level after placing, Holm, and Bremner, 2000.   

The term internal curing means “supplying water throughout a freshly placed cementitious 

mixture using reservoirs, via pre-wetted lightweight aggregates, that readily release water as 

needed for hydration or to replace moisture lost through evaporation or self-desiccation” 

according to the definition provided in American Concrete Institute. Also, the hydration of 

cement continues because of the availability of internal water that is not part of the mixing 

water, refers to internal curing technique, ACI 213-03R, 2003. 

The concept of SCC was first proposed by Professor Hajime Okamura, in 1986 in Japan as a 

solution to concrete's concerns. There are many advantages of using SCC, these include, 

Bouzoubaa, and Lachemi, 2001. Horta, 2005. 

 No need for vibration. 

 Reducing the construction time and labor cost. 

 Reducing the noise pollution. 

 Improving the filling capacity of highly congested structural member. 

 Facilitating and ensuring good structural performance. 

The use of SCC is spreading world wide because of its very attractive properties in the fresh 

state as well as after hardening. The use of SCC leads to reduce the technical costs of in situ 

concrete constructions and eliminate some of the potential human error. It replaces the manual 

compaction of fresh concrete with a modern semi-automatic placing technology that way 

improve health and safety on and around the construction site, Selvamony, et al., 2010. 

It is possible to get benefit from the internal curing instead of traditional external curing. 

Internal curing has a significant contribution in shrinkage reduction and enhancing concrete 

performance as well as environmental friendly, Munaz, et al., 2011. 

By replacing a portion of the normal weight aggregates with pre-wetted lightweight 

aggregates (LWA), additional internal curing water is provided to the concrete mixture. During 

the hydration of the cement paste within the concrete mixture, this internal curing water will be 

drawn from the LWA into the hydrating paste, maintaining a high degree of saturation (water-

filled pores) in the cement paste and avoiding or at least reducing shrinkage stresses and their 

accompanying autogenous deformations, Cusson, and Hoogeveen, 2005. Bentz, 2007.  

The main properties of lightweight aggregate (LWA) are its high porosity, high 

absorption, low specific gravity and cellular structure [Muhsen 1996] and [Dhaher 2001]. These 

properties make LWA a suitable material for internal curing technique, Lura, et al., 2004. 
 

2. EXPERIMENTAL WORK 

  

2.1 Materials 

Tasluga Ordinary Portland Cement complied with the Iraqi specification, IQS No.5, 

1984 was used. The coarse aggregate was brought from Al-Nibaii quarry with a nominal size of 

(14) mm. Al-Ekhaider natural sand is used as fine aggregate in concrete mixes. Tables 1 and 2 

show the sieve analysis and properties for the sand used throughout this work. The grading and 

properties of the used sand and coarse aggregate satisfies the requirements of the Iraqi 

specification, IQS No.45, 1984. 

Thermostone chips is used as a lightweight aggregate in this study to be the internal 

curing material. Thermostone was from Karbala thermoston Factory as waste and broken into 
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smaller size particles. Then, the crushed thermostone is washed with water afterward dried by 

spread in air. The crushed particles are sieved and partially replaced by volume with the same 

size of sand with a certain percentage to have the same grading as the used sand which satisfies 

the grading requirements of the Iraqi specification, IQS No.45, 1984. Later, the thermostone 

aggregate is soaked in water for (24) hours to bring the aggregate particles to saturated 

condition. Table 3 shows the physical properties of the used crushed thermostone aggregate.  

Glenium 51 (G51) is used in this research as chemical admixture and complies with 

ASTM C 494-05, 2005 type F.  

Silica fume is used as a highly pozzolanic mineral admixture. The fineness
 
(Blaine 

specific surface) of SF is (23000 m
2
/kg). The chemical analysis of SF which is used in this 

research conforms to the chemical requirements of ASTM C 618-03, 2003
 
as shown in Table 4. 

 

2.2 Mix Design and Proportions 

The mix design method of the used SCC in this study is according to ERMCO, 2005. 

The proportions of materials were modified after obtaining a satisfactory self-compactability by 

evaluating through fresh concrete tests. The mix proportions of the SCC which was used 

throughout this research are shown in Table 5. 

2.3 Tests of Fresh Concrete 

Slump flow test, T50cm test, V- funnel test and L-box test were used for workability 

properties of SCC according to the European Federation Guidelines ERMCO, 2005. 

 

2.4 Tests of Hardened Concrete 

Tests of hardened concrete in this research are shown below: 

 Compressive strength test was conducted according to the British Standard, BS1881 

part 116, 1985. Three cubes (100*100*100) mm were tested for each mix at each age of 

(7, 28 and 90) days for determination of compressive strength using two sets of mixes 

for SCC, one of these sets is cured in water and the other is cured in air. 

 Modulus of rupture test was performed on two (100x100x400) mm prisms according to 

ASTM C 293-02, 2002, with span of (300) mm at age of (7, 28 and 90) days. The 

average of two prism specimens of each mix was adopted. 

 Shrinkage test was conducted according to ASTM C 490-00, 2000. A micrometer dial 

gauge with (0.001) mm reading accuracy was used in this test. Pins were fixed on prisms 

(100x100x400) mm after casting the specimens. The shrinkage test was conducted by 

using two sets of prisms specimens for SCC, the first set was cured for 7 days in water, 

after that it was taken out from water tank and left in air (laboratory conditions) for 21 

days, the second set was cured in air along test period for 28 days. The changes in length 

were calculated at age of (7, 14, 21 and 28) days. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Test Results of Fresh Concrete 
The results of the slump flow test, V- funnel test and L-box test are shown in Table 6. 

These results indicate that in general, the workability of fresh SCC was improved with 

increasing thermostone chips as partial sand replacement percentage when it is compared with 

reference concrete mix. This is due to the pre-wetted fine lightweight aggregate (LWA) which 

provides a set of water-filled reservoirs within the concrete as additional moisture and in turn 

improves the workability of fresh SCC, Friggle, and Reeves, 2008. Villareal, 2008. These 



Journal of Engineering Volume   23  July  2017 Number 7 
 

 

1 

 

results are within the acceptable criteria EFNARC, 2002 for SCC and indicate also satisfactory 

deformability and filling ability without any segregation, bleeding and blocking. 
 

3.2 Test Results of Hardened Concrete 

The results of the properties of hardened concrete which include (compressive strength, 

modulus of rupture and shrinkage) of SCC are shown in Tables 7 to 12, and represented in Fig. 

1 to Fig. 6. From these results, it can be seen that internally cured SCC by using pre-wetted 

thermostone chips as fine aggregate has better properties then that of externally cured SCC for 

both water and air curing as compared with reference concrete mix, as a result of internal curing 

technique. The highest increasing of compressive strength reaches 27.63% and 21.89% for SCC 

internally cured with thermostone chips as partial sand replacement with percentage of (10%) 

and cured in water and air respectively.  

In general, the results of shrinkage test shows a reduction in shrinkage of internally cured 

SCC with thermostone chips as compared with reference concrete mix.  

The mechanism of reduction of shrinkage by internal curing technique can be explained 

as follows, internal curing is a curing system that supplies water from pre-saturated porous 

LWA which has absorbed a huge amount of water when soaked in it. The pores of the cement 

paste absorb the water from the LWA by capillary suction as a result of the difference in water 

pressure in pores between LWA and cement hydrates, then an internal curing water leads to 

increase the final degree of hydration and decrease the unhydrated cement content and the 

capillary porosity by increase in the gel hydration products which cause increase in the 

crystallization pressure and reduce the shrinkage of concrete. The increased strength may be 

attributed to the increase in the degree of cement hydration as a result of internal curing water 

which leads to increase the hydration products, improve the interfacial transition zone by filling 

internal voids of concrete, reduction of shrinkage induce micro cracking and decrease the 

porosity of SCC. This complies with studies carried out by, Lura, 2003. Cusson, et al., 2010. 

Al-Awadi, 2013. 

  

4. CONCLUSION 

Depending on the results of this investigation, the following conclusions can be drawn: 

 The internal curing technique may be achieved by using thermostone chips as partial sand 

replacement by volume as internal curing material. 

 Improving the workability and the properties of the hardened concrete such as (compressive 

strength and modulus of rupture) may be achieved by internally curing SCC by using 

thermostone chips as partial sand replacement as compared with reference concrete. 

 The SCC mixes are internally cured with thermostone chips as fine aggregate and externally 

cured in both water and air exhibit very low shrinkage as compared with reference concrete. 

 It is useful to employ internal curing instead of traditional external curing due to its ease to 

use and its a significant contribution to shrinkage reduction, enhancing durability, 

sustainability and hence improving overall SCC performance.  
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List of Abbreviations and Symbols 

IQS= Iraqi specification.  

LWA= lightweight aggregate.  

SCC= self-compacting concrete.  

SF= silica fume.  

T50cm= slump flow time at diameter 50cm .  

TV= flow time of v-funnel test.  

TV5min= flow time of v-funnel test after 5min. of filling.  

 

 

Table 1. Sieve analysis of sand and thermostone chips. 

Sieve size (mm) Percent passing 

(%) 

I.Q.S.45: 1984 Limits 

Zone (2) 

10 100 100 

4.75 99.8 90 - 100 

2.36 84.4 75 - 100 

1.18 65.6 55 - 90 

0.60 41.8 35 - 59 

0.30 11 8 - 30 

0.15 2.2 0 - 10 

Fineness modulus = 2.95 

 

Table 2. Physical and chemical properties of sand. 

Property Test result I.Q.S.45: 1984 Limits 

Apparent specific gravity 2.55 ------ 

Absorption, % 2.95 ------ 

Bulk density (kg/m
3
) 1710 ------ 

Sulphate content (SO3)  0.19% 0.50% (max) 
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Table 3. Physical properties of thermostone chips. 

Property Test result 

Shape Crushed 

Apparent specific gravity 1.14 

Bulk density (kg/m
3
) 675 

Absorption, % 48 

 

Table 4. Chemical composition of SF (with fineness is 23000 m
2
/kg) and the chemical 

requirements of ASTM C 618-03. 

Oxide composition Oxide content % Chemical  requirements of  ASTM C 

618-03 class (N) 

SiO2 91.39 (SiO2) plus (Al2O3) plus (Fe2O3), 

min, = 70.0% Al2O3 2.90 

 Fe2O3  0.30 

 SO3  Nil (SO3), max, = 4.0% 

 L.O.I 3.35 L.O.I, max, = 10.0% 

CaO Nil ------- 

 MgO 2.02 ------- 

 

Table 5. Mix proportions of SCC mixes*. 

Thermostone Chips kg/m
3
 Sand kg/m

3
 Index of Mixes 

15% 10% 5% 

--- --- --- 825 Mix-R 

--- --- 16.3 783.75 Mix-T5% 

--- 32.6 --- 742.5 Mix-T10% 

48.9 --- --- 701.25 Mix-T15% 

     *Water (kg/m
3
) = 185 

       Glenium 51 (liter per 100kg of  cementitious materials) = 1.1 

 

Table 6. The results of the slump flow test, V- funnel test and L-box test. 
 

Index of 

Mixes 

Slump flow V-Funnel L-Box 

D (mm) T50cm 

(sec) 

TV (sec) TV5min 

(sec) 

Blocking 

Ratio 

(H2/H1) 

T40cm 

(sec) 

Mix-R 698 4.5 12 13.5 0.82 5 

Mix-T5% 706 4.4 11.7 13 0.83 4.8 

Mix-T10% 715 4.2 10.5 12 0.84 4.5 

Mix-T15% 723 4 9.5 11.2 0.85 4.2 

 

. 
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Table 7. Test results of compressive strength of SCC internally cured with thermostone chips 

and externally cured with water 

 

 

 

Table 8. Test results of compressive strength of SCC internally cured with thermostone chips 

and externally cured with air. 

 

 

 

Table 9. Test results of modulus of rupture of SCC internally cured with thermostone chips and 

externally cured with water. 

 

 

 

 

 

Mixes Compressive strength (MPa) 

7 days 28 days 90 days 

Mix-R 43.65 45.87 52.76 

Mix-T5% 48.42 52.58 63.65 

Mix-T10% 50.14 56.64 67.34 

Mix-T15% 46.31 50.84 58.63 

Mixes Compressive strength (MPa) 

7 days 28 days 90 days 

Mix-R 40.84 42.96 48.43 

Mix-T5% 43.69 48.04 55.90 

Mix-T10% 45.73 51.14 59.03 

Mix-T15% 42.68 45.59 52.92 

Mixes Modulus of rupture (MPa) 

7 days 28 days 90 days 

Mix-R 6.06 6.32 6.95 

Mix-T5% 6.35 6.86 7.68 

Mix-T10% 6.78 7.19 7.98 

Mix-T15% 6.24 6.58 7.34 
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Table 10. Test results of modulus of rupture of SCC internally cured with thermostone chips 

and externally cured with air. 

 

 

Table 11. Test results of volume change of SCC internally cured with thermostone chips and 

externally cured with water for 7 days and with air until 21 days. 

 

 

 

 

 

 

 

 

 

Table 12. Test results of volume change of SCC internally cured with thermostone chips and 

externally cured with air until 28 days. 

 

 

 

 

 

 

 

 

 

Mixes Modulus of rupture (MPa) 

7 days 28 days 90 days 

Mix-R 5.74 5.98 6.65 

Mix-T5% 6.06 6.40 7.18 

Mix-T10% 6.29 6.65 7.44 

Mix-T15% 5.90 6.24 6.91 

Mixes Shrinkage × 10
-6

 

Water curing Air curing 

4 days 7 days 14 days 21 days 28 days 

Mix-R +30 +35 -60 -165 -215 

Mix-T5% +35 +45 -40 -55 -80 

Mix-T10% +40 +50 -30 -40 -50 

Mix-T15% +45 +60 -20 -30 -35 

Mixes Shrinkage × 10
-6

 

Air curing 

4 days 7 days 14 days 21 days 28 days 

Mix-R -130 -215 -245 -265 -285 

Mix-T5% -40 -70 -85 -100 -110 

Mix-T10% -30 -50 -70 -75 -85 

Mix-T15% -25 -40 -55 -65 -70 
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Figure 1. Compressive strength development of SCC internally cured with thermostone chips 

and externally cured with water. 

 

 

 

Figure 2. Compressive strength development of SCC internally cured with thermostone chips 

and externally cured with air. 
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Figure 3. Modulus of rupture development of SCC internally cured with thermostone chips and 

externally cured with water. 

 

 
 

 

 
 

Figure 4. Modulus of rupture development of SCC internally cured with thermostone chips and 

externally cured with air. 
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Figure 5. Volume change development of SCC internally cured with thermostone chips and 

externally cured with water for 7 days and with air until 21 days. 

 

 

 

Figure 6. Volume change development of SCC internally cured with thermostone chips and 

externally cured with air until 28 days. 
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ABSTRACT 

        The performance of asphalt concrete pavement has affected by many factors, the 

temperature is the most important environmental one which has a large effect on the 

structural behavior of flexible pavement materials. The main cause of premature failure of 

pavement is the rutting, Due to the viscoelastic nature of the asphalt cement, rutting is 

more pronounced in hot climate areas because the viscosity of the asphalt binder which is 

inversely related to rutting is significantly reduced with the increase in temperature 

resulting in a more rut susceptible paving mixtures. The objective of this study is to 

determine the effect of temperatures variations on the permanent deformation parameters 

(permanent strain (p), intercept (a), slope (b), Alpha and Mu) as well as   resilient strain 

(r) and resilient modulus (Mr). To achieve this objective, one aggregate gradation with 

12.5mm nominal maximum size, two grades of asphalt cements (40-50 and 60-70) brought 

form Al- Daurah refinery, limestone dust filler has been used to prepare the asphalt 

concrete mixtures. 30 Marshall specimens were prepared to determine the optimum asphalt 

cement content. Thereafter, 30 cylindrical asphalt concrete specimens (102mm in diameter 

and 203 mm in height) are prepared in optimum asphalt cement and optimum ±0.5 percent. 

The prepared specimens were used in uniaxial repeated load test to evaluate the permanent 

deformation parameters of asphalt concrete mixes under the following testing temperature 

(5, 15, 25, 40 and 60  c). The test result analyses appeared that Mr is decrease 51 percent 

when temperature increased from 5  c to 25  c and then decrease 22 percent with further 

increase in temperature from 25  c to 60  c. Also, the Alpha value decreases by a factor of 

1.25 and 1.13 when temperature increases from 5  c to 25  c and 25  c to 60  c, respectively. 

Finally, statistical models were developed to predict the Alpha and Mu  parameters of 

permanent deformation.                                                                                                            

Key word: Asphalt concrete, Marshall, permanent deformation, Alpha, Mu.                        

                                                                    

 للخلطاث الإسفلتيت  معاملاث التشوهاث الذائميتتأثير درجاث الحرارة على 

       علياء فالح حمذ العاني                                                                          أمجذ حمذ البياتيد.

 قطالبت ماجستير /هنذست طر                                                                         استار مساعذ           

 كليت الهنذست -جامعت بغذاد                                                                   كليت الهنذست -جامعت بغذاد                   

 المستخلص

 حةأثٍش امبةش ىٖةا اىخةً اىََٖةت اىَْاخٍةت  اىؼ٘اٍو ٍِ ٗاحذة ًٕ اىحشاسة دسخت ٗ ػ٘اٍو بؼذة ٌخأثش الإسفيج اىخبيٍظ أداء   

ىطبٍؼةت  ّظةشاٗ اىخخةذد ٕة٘ ىيطةش  اىَبنةش ىيفاةو اىسةب  اىشيٍسةًاُ . تىَ٘اد اىشصة  اىَشّة ّاايًاىسي٘ك الا أداء ػيى

 ا ٍغ اىخخذد لاُ ىضٗخت الاسفيج حشحبظ ػنسٍفً اىَْاطق اىَْاخٍت اىحاسة  ٌظٖشبنثشةفاىخخذد  اىَشّت/الاسفيج اىيضخت
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اىٖذف ٍةِ اُ  . ٗباىْخٍدت ٌؼطً حساسٍٔ امبش ىيخخذد ىطبقاث اىخبيٍظ اىزي ٌقو بانو ٍيح٘ظ ٍغ اسحفاع دسخاث اىحشاسة

ػيى ٍؼاٍلاث اىخإ٘اث اىذايٍَت ٍٗؼاٍةو اىَشّٗةت ٗىخحقٍةق ٕةزا اىَخخيفت حأثٍش دسخاث اىحشاسة  حذٌذٕزٓ اىذساست ٕ٘ ىخ

ٍةِ  (44-34()24-14)رٗ اخخشا   ّٗ٘ػٍِ اسفيج ٍيٌ( 2..4)بَقاط اسًَ اقصىشماً اىٖذف حٌ اخخٍاس حذسج ٗاحذ ىي

( َّةة٘رج 04ىخحضةةٍش) ٕةةزٓ اىَةة٘اد اسةةخخذٍج  .مَةةادة ٍاى ةةتاىَطحةةُ٘ ٍصةةفى اىةةذٗسة ٗقةةذ حةةٌ اسةةخخذاً اىحدةةش اىدٍةةشي 

 ) لاسةةفيخٍتٍةةِ اىخشسةةاّت ا ًاسةةط٘اَّّةة٘رج  (04) ٗمةةزىل حةةٌ ححضةةٍش ّسةةبت الاسةةفيج اىَثيةةى  ىغةةشت حؼٍةةٍِ ٍاسشةةاه

. اسةخخذً فةً  اىَثيىاىْسةبتٍةِ  %4.2±مةزىل ّسةبت ٗبْسةبٔ الاسةفيج اىَثيةى  حةٌ حٍٖ خٖةا (اسحفةاع ٍي40ٌ.قطش ٍيٌ .44

ً º(340140.204402) ذسخاث حةشاسةبةالاخخباس خٖاص اىحَو اىَخنشس ىخقٌٍٍ ٍؼاٍلاث اىخا٘ٓ اىذايًَ ىخيطةاث الاسةفيج 

ً  2º.اىى 2% ػْذ صٌادة دسخت اىحشاسة 24ٌٍِقو بَقذاس  ُ ٍؼاٍو اىَشّٗتو اىْخايح اظٖشث احيٍٗح ىفح٘صاث.ّخايح ا

ػْةذ صٌةادة دسخةت  2ٗ4.40..4ٗاٌضا قٍَت اىفةا حقةو بَقةذاس  ً 34ºاىى  2.% ٍغ صٌادة دسخت اىحشاسة ٍِ ..ّٗقصاُ 

 Muاىفةا َٗؼةاٍلاث اىاخٍشا  حٌ حطةٌ٘ش ٍة٘دٌلاث احصةايٍت ىيخْبةي بقةٌٍ ًٗ ػيى اىخ٘اىً. º(ٗ ً.2-34)º(2.-2اىحشاسة )

 ىيخإ٘اث اىذايٍَت.

1. INTRODUCTION  

       Asphalt concrete which is also called hot mix asphalt HMA due to its relatively high 

mixing and compaction temperature is a paving material that consists of asphalt cement 

(by weight of total mix its content range from 4 to 6 percent while by volume the contents 

range from 8.8 to 13.3 percent from the entire volume of mix) and mineral aggregate. The 

aggregate skeleton role is to withstand the traffic load whereas the asphalt cement acts as 

an adhesive material which holds the aggregate skeleton together. The combination of 

theses materials forms a mixture that has viscoelastic behavior basically due to the 

vsicoelastic nature of the adhesive asphalt cement. A viscoelastic material combines the 

behavior of an elastic solid and a viscous liquid. The proportions of the elastic and viscous 

components depend on the temperature as well as rate of shear. The viscous nature 

increases and the elastic nature decreases as the temperature increases and shearing rate 

decreases, and vice versa.  

     In the structural design of asphalt concrete pavement system, two climatic factors, 

temperature and moisture, are considered to influence the structural behavior of the 

pavement materials. Temperature, either their value which influences the stiffness (resilient 

modulus) and permanent deformation (rutting) parameters as well as low temperature 

fatigue behavior or their magnitude fluctuation within a day which can affect thermal 

fatigue cracking distribution within the asphalt concrete layers.  Whereas in the other hand, 

moisture conditions influence the stiffness and strength of the granular pavement material 

(subbase course and subgrade). Based on aforementioned, the design procedure requires 

the determination of pavement temperature values within the asphalt concrete layers of 

pavement in order to characterize the materials of these layers in the laboratory under 

condition as close as possible to that anticipated in the field. Albayati, 2006 conducted a 

local study to predict the temperature within the asphalt concrete layers at a different depth 

from the pavement surface and for varying air temperatures.  The researcher concluded 

from the developed relationship at a depth of 2cm below the pavement surface, the asphalt 

concrete could reach to a temperature of 60  c when the air  temperature is 50   c. In view of 

this findings, rutting mode of failure perhaps the most probable cause of failure for local 

pavement since this type of failure is more prevalent under hot climate condition.  The 
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permanent deformation (rutting) is defined as the progressive accumulation of plastic strain 

in each layers of the pavement system that occurs under each load repetitions. Excessive 

permanent deformation will eventually result in reduction of pavement serviceability due 

to loss in riding comfort, Bazlamit, 2005.  

Rutting is more pronounced in hot climate areas because the viscosity of the asphalt binder 

which is inversely related to rutting is significantly reduced with the increase in 

temperature resulting in a more rut susceptible HMA mix. Fig.1 shows the effect of 

temperature on log asphalt viscosity for a wide range of asphalt cement grades, 

Puzinauskas, 1979. From this Figure, it is obvious that the viscosity of asphalts vary from 

less than one poise to more than one trillion poises. Within such extreme viscosity range, 

asphalts are transformed from low viscosity Newtonian liquids to materials exhibiting 

shear-dependent visco-elastic behavior, where with decreasing temperature the elastic 

component tends to be predominant .Thus, the gradually changing curvature of plots in 

Fig.1 indicates that the viscosity of asphalt tends to change more rapidly at low 

temperatures, and such change becomes far less pronounced at higher temperatures when 

the viscous behavior is predominant. 

Beside the asphalt consistency which can be characterized by viscosity grading, 

penetration grading or performance grading, the asphalt cement content also has an effect 

on the permanent deformation of asphalt concrete. Based on the indirect tensile strength 

test for dimetral Marshall specimens, Zhaw, 2011, concluded that the asphalt cement 

content variation evaluated in his study has a significant effect on the rutting performance 

of the mixtures. The mixes with lower binder content showed better rutting performance, 

he also stated that even deviations within a small range (±0.25 percent) of binder content 

could significantly have an effect on rutting performance.  

Based on the aforementioned preface, it can be postulated that the temperature have a 

significant effect on the rutting mode of distress in asphalt concrete paving materials, also 

the asphalt cement types (grades) which control the viscoelastic nature of mixture and 

asphalt cement content  have some specific relations to this type of distress. Therefore, a 

need has been a rise to conduct a laboratory tests at temperatures approximately close to 

those which may be encountered in field under local environmental conditions after 

considering the type and asphalt cement content in consideration.     

2. MATERIAL CHARACTERIZATION 

 
      The materials used in this study are asphalt cement, aggregate and mineral filler. The 

properties of these materials were evaluated using routine type of tests and the obtained 

results were compared with the SCRB R/9, 2003, specification requirements. All the 

materials used are locally available and widely employed in the pavement construction in 

the Iraq. 
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2.1 Asphalt cement 

     Two types of asphalt cement were employed with penetration grade (40-50) and (60-70) 

obtained from Al-Durra refinery, south-west of Baghdad. The physical properties of these 

binders are presented in Table 1.                                                                                              

            

2.2  Aggregate 

 

      The aggregate used in the laboratory work is crushed quartz from Al-Nibaie quarry 

which is widely used for asphalt mixes in Baghdad city .The coarse and fine aggregate 

used in this work were sieved and recombined in the proper proportion to meet the wearing 

course gradation type III A as required by SCRB specification, SCRB R/9, 2003. The 

gradation of aggregate with a nominal maximum size of 12.5mm (1/2inch) is shown in 

Table 2 and the selected gradation with specification limits are presented in Fig.2. The 

physical properties of aggregate used are shown in Table 3.  
 
2.3  Filler  

 

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

used in this work is limestone dust obtained from Amanat Baghdad asphalt concrete mix 

plant; its source is the lime factory in Karbala Governorate. The physical properties of the 

filler are presented in Table 4. 

 

 

3.EXPERIMENTAL WORK  

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

the asphalt concrete mixes using Marshall design method and thereafter cylindrical asphalt 

concrete were prepared to evaluate the permanent deformation parameters using uniaxial 

repeated loading.                                                                                                                               

3.1 Marshall mix design  

     Standard method of Marshall as in (ASTM D-1559) specifications was used to find the 

optimum asphalt content for compacted asphalt concrete specimens. Marshall test was 

conducted on a cylindrical specimen of 102 mm (4 inch) diameter by 63.5 mm (2.5 inch) 

height. The optimum asphalt content of the mix (shown below in Fig.4 and Fig5) was 

calculated as the numerical average of the values of asphalt contents corresponding to the 

following:                                                                                                                                               

 Asphalt content at maximum unit weight 

 Asphalt content at maximum stability 

 Asphalt content at 4% air voids 
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3.2 Uniaxial repeated load  

The dimensions of the cylindrical specimen used in this work were 102 mm (4 inch) in 

diameter and 203 mm (8 inch) in height. The axial compressive repeated loads test were 

conducted using the pneumatic repeated load system (PRLS) developed by, Albayati, 

2006 (shown below in Fig.3) applied in the form of  rectangular wave with a constant 

loading frequency of 60 cycles per minute. A heavier sine pulse of 0.1 sec load duration 

and 0.9 sec rest period was applied over test duration of approximately 3 hour, history 

loading results in approximately10,000 load cycles or when the specimen fractured. In 

these tests ,repetitive compressive loading with a stress level 20 psi  and the uniaxial  

repeated loading  tests were conducted at five temperature (5º,15º,25º,40º,and60ºc).                                                                                                                      

The permanent strain (Ԑp) is calculated by applying the following equation: 

Ԑp =                                                                                                                     (1)       

where : 

εp = axial permanent microstrain,(in/in) 

Pd = axial permanent deformation and 

H= specimen height. 

 

The resilient deformation is determined at the load repetition 

of 200th , resilient strain ( εr ) is found according to following equation: 

 

               

        (2)            

εr = axial resilient microstrain,(in/in) 

Rd = axial resilient deformation and 

                          
  Mr  = (3)     

  where :                                            

Mr= resilient modulus (psi)                                                              

σ = repeated axial stress (psi)                                                           

εr= axial resilient strain (in/in) , Huang, Y. H. 2004.  

                                                

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

log relationship between the number of load repetition and the permanent microstrain with 

the form shown in Eqn.(4) below which is originally suggested by Monismith et al.,1975 

and Barksdale, 1972.                                                                                                    

4))p = aNᵇ                                                                                                                        Ԑ 

where : 

p = permanent strainԐ 
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N = number of stress applications 

a = intercept coefficient 

b = slope coefficient 

 

4. TEST RESULTS AND DISCUSSION  

4.1 Marshall properties  

    To satisfy the requirements of the experimental design, Marshall mix design procedure 

was performed according to AI`s manual series No.2 (AI, 1981) using 75 blows of the 

automatic Marshall compactor on each side of the specimen which represent high tire 

pressure applied to roadway. Based upon this method, the optimum asphalt content is 

determined by averaging the three values shown below: 

- Asphalt content at maximum unit weight. 

- Asphalt content at maximum stability. 

- Asphalt content at 4% air voids.    

     For each grade of asphalt cement, 15 Marshall specimens were prepared with a constant 

increment of 0.3 percent of asphalt cement content (3 replications for each content). The 

selected asphalt contents to perform the Marshall mix design were (4.3, 4.6, 4.9, 5.2 and 

5.5) percent by weight of total mix, these values belong  to the mix type IIIA of wearing 

course.  

     Fig.4 and Fig.5 show the plots of the Marshall data for each type of asphalt cement, 

from these figures the calculated optimum asphalt content is 5 percent for asphalt cement 

grade (40-50) and 4.6 percent for grade (60-70).   

4.2 Effect of temperature  

       The analysis of the results begins by identifying “sort” variable: i.e., temperature. 

Therefore, the entire data file is sorted according to test temperature. For example, to 

clearly show the effect of temperature on both the plastic and elastic properties the entire 

data is sorted by test temperatures and the mean values of permanent deformation 

parameters are calculated as presented in Table 5.      

As may be seen from Fig.6, the permanent strain, intercept, slope, resilient modulus, 

alpha(1-b) and Mu(a˟b/εr) are substantially influenced by temperature. For example, when 

the temperature increases from 5 to 25
◦
C, the permanent strain and intercept increases by a 

factor of 6.77 and 1.55, respectively. The corresponding reduction in resilient modulus 

(Mr) is 51 percent. Further increase in the temperature from 25 to 60
◦
C, results in 

permanent strain increases by a factor of 6.27 whereas the intercept by a factor 2.57. This 

findings has the implication that the temperature effects on both the permanent strain and 

intercept are not linearly varied, i.e., the highest the temperature the more the rate of plastic 

deformation.                                                                                         

As shown by the values in Table 5 and Fig.6 it appears that the temperature 

influences the slope and the resilient modulus in essentially the same manner.  
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Furthermore, increase in the temperature from 25 to 60
◦
C, results in the resilient modulus 

decrease by 22 percent whereas the slope increase by a factor 1.85.                                        

      When the temperature increase from 5 to 25
◦
C, Mu increase  by a factor of 1.7 and 

Alpha decreased by a factor 1.25, whilst when the temperature increase from 25 to 60
◦
C 

Mu increase by a factor of 1.13 and Alpha decrease by a factor 2.12 . These findings 

besides that related to permanent strain and intercept confirm that the rutting mode of 

failure is enhanced in asphalt concrete pavement in hot summer temperature.                                       

                  

4.3 Effect of asphalt cement grade 

    Fig.7 shows the change in resilient modulus as well as the plastic deformation 

parameters with the variation of asphalt cement type. It can be seen from the presented data 

in Table 6, the asphalt grade has higher influence on the plastic strain as well as the 

intercept coefficient than other parameters. The variation of resilient modulus, slope and 

Mu values changes also with asphalt cement type but to lesser extent. For example, the 

average value of resilient modulus corresponding to asphalt grade 40-50 is almost 1.13 

times the value for asphalt grade 60-70 at 5   C.  The same is applicable to the permanent 

strain which is 1.85 times the value for asphalt grade 40-50 at the same degree.                    

                                                                                                  

 4.4 Effect of asphalt cement content 

        Based on the data graphically shown in Fig.8 and Fig.9, it appears that the examined 

asphalt contents have influence on the plastic response of the material. The higher plastic 

strain is associated with the increases in asphalt content from 4.5 to 5.5 and from 4.1 to 5.1 

percent asphalt for AC (40-50) and AC (60-70) respectively. From Fig.8 it can be seen that 

the increment of 1 percent in the asphalt content type (40-50) beyond 4.5 percent will 

result in 8 percent decrease in alpha value and 35 percent decrease in mu value. Whereas 

for the asphalt cement type (60-70) that shown in Fig.9 the change in alpha and mu values  

are more sensitive for the change in asphalt content, the increasing in asphalt content from 

4.1 percent to 5.1 percent resulted in   a reduction in alpha value about 12 percent as well 

as in mu value about 52 percent.   from the aforementioned findings, one can be concluded 

that the asphalt content variations have more effect on permanent deformation parameters 

alpha and mu when the asphalt cement grade is soft (60-70) as compared to relatively hard 

grade type (40-50). The resilient modulus decreases approximately 16 percent when there 

is an increment one percent beyond the 4.5 percent for AC 40-50, for the AC 60-70 the 

increment of one percent beyond the 4.1 percent resulted in a 15 percent reduction in the 

resilient modulus value.  

4.5  Combined Effect of Variable on Rutting Parameters  

       Table 7 summarizes the trends in the observed data presented in the preceding 

sections. This table provides a qualitative description of the influence of the temperature 

and asphalt cement (type and content) on the resilient modulus and plastic strain as well as 

the permanent deformation parameters.                                                                                                                  
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As shown in Table 7, the resilient modulus, Mr, is heavily dependent on   temperature; 

also it is moderately dependent on asphalt content.                                                                                                          

The plastic strain, εp , is very highly dependent on temperature, The asphalt content 

virtually have low effects on the plastic strain of asphalt concrete which is in turn 

moderately effected by asphalt grade.                                                           

The intercept coefficient “a”, which is directly related to rutting, is highly affected by 

temperature, and moderately dependent on asphalt properties (grade and content). 

Similarly, the slope coefficient “b” or alpha (alpha=1-b) is highly dependent on 

temperature and to a lesser degree on asphalt properties (grade and content).                                                                                                

Mu appears to be influenced strongly by temperature and asphalt content, asphalt grade 

have  moderate effect on Mu.  Fig.10 through Fig. 15 show the histogram of collective 

effects of temperature, asphalt content and asphalt grade on permanent deformation 

parameters as well as resilient modulus.  

   

4.6 Permanent Deformation Parameters Predictive Models: 

       Presented in this section, are the statistical models attempted for the permanent 

deformation parameters alpha and Mu. Stepwise regression technique is used for the 

purpose of model development using statistical software (SPSS version 19). It’s shown that 

Mu can be predicted with moderate accuracy in terms of the variables citied in this 

research (R
2
=0.85). In contrast to alpha, which is predicted excellently in terms of the test 

conditions and asphalt cement properties (R
2
=0.982). The developed models are: 

Alpha = -0.009T+0.167Lnη-0.06AC 

Mu=0.786-1.211√AC+0.242√T-0.021T+0.256Lnη 

where: 

T = test temperature in degree centigrade (
◦
C)                   

η = viscosity at 135
◦
C (cP)     

AC= Asphalt content (percent by weight of total mix)  
    
5.CONCLUSION AND RECOMMENDATIONS    

5.1 Conclusions  

According to the work presented in this research and within the limitation of test 

program, type of testing tools and type of materials used, the following main points are 

concluded: 

 

 The asphalt concrete mixture with resilient modulus (Mr) value of 328036 psi at 

5
◦
C temperature loses approximately 88 percent of its strength in term of Mr 

when there is a rise in temperature up to 60
◦
 C. The variation in Mr value with 
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temperature was shown to have non-liner trend, the asphalt concrete mix lost 

about 51 and 22 percentages of  its strength when the temperature changed from 

5
◦
C to 25

◦
C and from 25

◦
C to 60

◦
C, respectively. 

   

 The results of permanent deformation test support the allegation of "the higher 

the temperature the more the rate of plastic deformation". When the temperature 

increases from 5 to 25
◦
C, Mu increases  by a factor of 1.7 and Alpha decreases 

by a factor 1.25, whilst when the temperature increases from 25 to 60
◦
C Mu 

increases by a factor of 1.13 and Alpha decreases by a factor 2.12.   

 The increment of 1 percent in the asphalt content type (40-50) beyond 4.5 

percent resulted in 8 percent decrease in alpha value and 35 percent decrease in 

mu value. Whereas for the asphalt cement type (60-70) the increasing in asphalt 

content from 4.1 percent to 5.1 percent resulted in   a reduction in alpha value 

about 12 percent as well as in mu value about 52 percent   

 Models were developed to predict the permanent deformation parameters alpha 

and Mu 

                       Alpha = -0.009T+0.167Lnη-0.06AC     (R
2
=0.982) 

                      Mu=0.786-1.211√AC+0.242√T-0.021T+0.256Lnη       (R
2
=0.85) 

where: 

T = test temperature in degree centigrade (◦C)                   

η = viscosity at 135◦C (cP)     

AC= Asphalt content (%)  

    

As an example when: T =25  C ,η = 498 cP , AC=  4.5 percent by weight of total mix , 

Alpha =0.64    and  Mu =0.642 
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Figure 1. Relationship between viscosity and temperature for asphalt cements, 

Puzinauskas,1979. 
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 Figure 2. Aggregate Gradation Curve. 

 

Figure 3. Photograph for PRLS. 
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Figure 4. Marshall plots for mixtures with AC (40-50). 

 

Figure 5. Marshall plots for mixtures with AC( 60-70). 
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Figure 6. Effect of temperature on permanent deformation parameters. 

 

Figure7. Effect of Asphalt Grade on Permanent Deformation Parameters. 
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Figure 8. Effect of asphalt content on permanent deformation 

parameters for AC (40-50). 

 

Figure 9. Effect of asphalt content on permanent deformation 

parameters for AC (60-70). 
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Figure 10. Effect of temperature, asphalt Content, asphalt grade on plastic 

microstrain. 

 

 

 
Figure 11. Effect of temperature, asphalt content, asphalt grade on Mu. 

 

 

 

 
 

Figure 12. Effect of temperature, asphalt content, asphalt grade on Mu. 
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Figure 13. Effect of temperature, asphalt content, asphalt grade on alpha (α).  

 

 

 
 

Figure 14. Effect of temperature, asphalt content, asphalt grade on intercept 

(a).  

 
 

 
 

Figure 15. Effect of temperature, asphalt content, asphalt grade on slope (b). 
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Table 1. Physical properties of asphalt Cement (Baghdad University Lab). 

 

Test 
Test 

condition 

ASTM 

Designation 
Units 

Asphalt Cement 

 

40-50 

SCRB 

specification 
60-70 

SCRB 

  specification 

Penetration 
100 gm, 25 

o
C 

, 5 sec., 0.1 mm 
D5 1/10 mm 44 40-50 63 60-70 

Kinematic viscosity 135˚C D2170 Cst. 433 Min 400 318 Min 300 

Specific Gravity 
25 

o
C 

 
D70 ----- 1.03  1.02  

Ductility 
25 

o
C 

, 5 cm/min. 
D113 cm >100 >100 >100 >100 

Flash Point ---- D92 
o
C 

 
234 232 min 245 232 min 

Softening Point 
(4±1) 

o
C 

/min. 
D36 

o
C 

 
48  46  

After Thin Film Oven Test 

Penetration of Residue 100 gm, 25 
o
C 

, 5 sec., 0.1 mm 
D5 1/10 mm 29  45  

Ductility of Residue 
25 

o
C 

, 5 cm/min. 
D113 cm

 
53 >25 75 >25 

Softening point (Ring 

& ball) ˚C 

 

(4±1) 
o
C 

/min. 
D36 

o
C 
 50.6  49  

 

Surface or wearing course type.   .Table 2 

Opening (mm) Size(in)  %passing by weight of total 

aggregate + filler 

Specification 

limits (SCRB-

R9/3) 

19 3/4 100 100 

12.5 1/2 95 90-100 

9.5 3/8 83 67-90 

4.75 No.4 59 44-74 

2.36 No.8 43 28-58 

0.3 No.50 18 5-21 

0.075 No.200 7 4-10 

Asphalt Cement 

(% weight of total mix) 

5 4-6 
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Table 3. Physical properties of aggregates (Baghdad University Lab). 

No. Laboratory Test ASTM 

Designation 
Test Results 

SCRB 

Specification Coarse Aggregate 

1 Apparent Specific Gravity C-127 2.678 - 

2 Bulk Specific Gravity C-127 2.61 - 

3 Water Absorption,% C-127 0.21 - 

4   Fractured pieces,% - 96 90 Min. 

5 Percent Wear (Los Angeles 

Abrasion),% 
C-131 17.5 30  Max. 

6 Soundness Loss by Magnesium 

Sulfate solution,% 
C-88 3.83 18 Max. 

Fine Aggregate  

1 Apparent Specific Gravity C-128 2.683 - 

2 Bulk Specific Gravity C-128 2.621 - 

3 Water Absorption,% C-128 0.4 - 

4 Sand Equivalent,% D-2419 68.45 45 Min. 

  

Table 4. Physical properties of mineral filler (Baghdad University Lab). 

Property Test Result 

Specific Gravity 2.72 

%Passing Sieve No.200 (0.075 mm) 96 

 

Table 5. Mean values of permanent deformation parameters for different temperatures. 

 

µ α b a 

Ɛp 

(mm/mm) Mr (psi)      C) 

0.28538 0.77683 0.22317 86.8617 848.958 328036 5 

0.37759 0.67583 0.30417 105.462 1989.58 256205 15 

0.48122 0.61817 0.38183 134.983 5755.21 168303 25 

0.49441 0.4495 0.5505 204.233 21197.9 87904.8 40 

0.5476 0.29183 0.70817 347.717 36125 37060.1 60 
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Table 6. Mean value  of permanent deformation parameters with the variation of asphalt 

cement grade. 

 

 

 

Table 7. Influence of temperature, mix components on strain and permanent deformation 

parameters for both grade. 

 

 

 

 

μ 

 

α 

 

b 

 

a 

 

Mr 

 

Ɛp  

60-70 40-50 60-70 40-50 60-70 40-50 60-70 40-50 60-70 40-50 60-70 40-50     c 

0.333 0.24198 0.73 0.776 0.27 0.224 94.02 83.75 313333 355555 1218.75 656.3 5 

0.436 0.36157 0.659 0.7 0.321 0.293 122.6 107.1 242973 278260 3062.5 1000 15 

0.568 0.50546 0.569 0.586 0.391 0.374 183.1 170.9 152381 177777 6687.5 4344 25 

0.615 0.49579 0.4 0.449 0.56 0.551 207.5 177.6 85333.3 100000 27187.5 19875 40 

0.616 0.43207 0.248 0.329 0.752 0.671 359.1 286.9 32000 44444 37187.5 35125 60 

 

Predictor 

variable 

Criterion variable 

Resilient 

modulus 

(Mr) 

Plastic 

strain 

 εp) 

Intercept 

coef. 

(a) 

Slope 

coef. 

(b) 

Alpha 

 

 α) 

Mu 

 

 μ) 

Temperature High Very high High High High High 

Asphalt 

Content 
Moderate Low Moderate Low Low High 

Asphalt Grade Low Moderate Moderate Low Low Moderate 
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ABSTRUCT 

Regulations are one of the instruments that governments used to achieve objectives of their 

policies. Sustainable projects often face compliance problems when working to meet the 

applicable regulations. The challenge for governments is to develop and apply enforcement 

mechanisms that achieve the best possible outcomes by achieving the highest possible levels of 

compliance. The aim of this paper is to identify the most effective mechanisms that can be used 

to develop a framework for the regulations enforcement for the applications of sustainable 

housing projects. Accordingly, this paper reviews the common classification of building 

regulations and enforcement steering mechanisms, in addition to the related international tools of 

sustainable housing development. The researchers developed a questionnaire included proposals 

for legislation within five main themes: materials, energy efficiency, water efficiency, health and 

safety as well as management of residential complexes during the occupation and maintenance 

phase. Findings represented the highly importance and top preference of incentive mechanism 

for enhancing sustainable housing regulations. Furthermore, in the theme of health and safety is 

within the authority of the institution that set these regulations to be imposed on providers and 

developers of housing. While the results of both energy efficiency and management of housing 

complexes indicate that legislation be obligated through centralized Act and not as an 

institutional, so any institution must impose these legislations on housing developers.  

Key words: regulations, enforcement, sustainable housing, mandatory regulation, incentives.   

 

 المستذام نلسكامشاريع   ضوابط آليات انفار

 
 ابتسام عبذ الجبار عبذ الرضا

 طالثح دكرْزاٍ

 زئيط هٌِدظيي الدم

 ّشازج الاػواز ّالعاكاى

سوسن رشيذ محمذد.   

 اظراذ هعاػد

 لعن الٌِدظح الودًيح

جاهؼح تغداد-كليح الٌِدظح  
 

 الخلاصة

 ذصرراد  هررا ّكثيررسا  . اخ الرررت ذهررؼِاالعياظرر أُرردا  لرحميررك الحكْهرراخ هرري الوعرررمدهح الأدّاخ ّاحرردج هرري ذؼرثررس الريررس ؼاخ

 ُرْ الحكْهراخ ذْاجِرَ الرر  الرحرد اى . أّظرغتيرك   اللرْائ  ذلثيرح فرت للمرْاًيي ّالاهرثرا  الرٌظرين هيراك  الوعرداهح الوياز غ

. وطاتمرحال هري الووكٌرح الوعرْ اخ أػلى ذحميك خلا  هي الووكٌح لٌرائجا أفه  ذحمك الرتالريس ؼاخ  ًفاذا آلياخ ّذطثيك ذطْ س

 الإظركاًيح الويراز غ لرطثيمراخ اللرْائ  لإًفراذ إطراز لْضرغ اظررمداهِا  وكري الررت ليرحاػف الأكثس الآلياخذحد د  الى  ِد  الثحث

. الوعرردام الإظركاىت الماصرح ؼالويرحال دّاخالأ فهرلا  ػري الاًفاذ ّآلياخ الثٌاء همرلف اًْاع اًظوح الثحث عرؼسض . الوعرداهح

 الويراٍ اظررمدام كفراءجّ الطالح ّكفاءج الوْاد: ُت زئيعيح هحاّز خوعح ضوي لريس ؼاخ همرسحاخشو   ا  ااظرثياً الثاحثْى طْز

ح الرحفيرص كححرد تاُويح آلي الٌرائجذوثلد . ّالصياًح شغا الا هسحلح خلا  العكٌيح الوجوؼاخ إدازج ػي فهلا ّالعلاهح، ّالصحح

 ّالعرلاهح الصرحح هحرْز فرت لرْح  كورا. حيرث كاًرد الاػلرى ذفهريلا   يعرساًْاع الريس ؼاخ الوؼصشج لٌيس ذطثيمراخ العركي الو

هري هحرْز   كر  ًررائج أشرسخ حريي فت. الإظكاى ّهطْز  همدهت ػلى ذفسض ُرٍ ذهغ الرت الوؤظعح ظلطح ضوي مغحيث  

 أى الوؤظعراخ ػلرى جرة  لررل  ،هسكرص  لراًْى خرلا  هري هلرصم ذيس غ تيك  كْىذ أى حالعكٌي الوجوؼاخ ّإدازج الطالح كفاءج

 .الإظكاى هطْز  ػلى الريس ؼاخ ُرٍ ذفسض

 .صالريس ؼاخ الولصهح، الرحفي الاظكاى الوعردام، ،الاًفاذالريس ؼاخ،  الكلمات المفتاحية:
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1. INTRODUCTION 

Over all centuries, the governments have developed regulations and rules to control buildings 

work to save and maintain life safety and quality from the common social and economic issues. 

The development of regulations is important to achieve the new requirements for applications 

such as sustainable objectives. This is because of the need for new considerations and changes. 

The previous housing policies in Iraq which expanded from the fifteenth of last decay were 

almost as partial solutions other than effective housing policies lead to retreat the housing sector 

other than the quality of life, and not being harmony with the stress of population growth 

because of deceleration of construction industry caused from Iraq conditions that lead to housing 

deficit. Nowadays, Iraq is considered a developing country but heading towards sustainability 

development; this will accelerate all sectors move towards sustainability. Concerning housing 

sustainability, The Agenda No. 21 for Environment and Development of the United Nations 

Conference UNCED, 1992, identified a number of program areas for promoting sustainable 

human settlement development, including providing access to safe and healthy shelter. 

Challenges stand against implementing sustainability within housing projects in Iraq lie in 

economical, institutional, technical and socio-cultural barriers. Lack of sustainability concerning 

regulations and lack of enforcement are challenges with higher impact. Ensuring effective 

compliance with regulations is an important factor in creating a well-functioning society and 

trust in government. As many issues for housing development, sustainability should be tackled 

from a regulations perspective. To promote sustainability within housing projects, it is often 

necessary to experiment with new initiatives and programs that break out of standard patterns.  

 

2. CLASSIFICATION OF BUIDLING REGULATION INSTRUMENTS 

First of all, the researchers has to define the deferent instruments for regulating the building 

industry through the most common terms related to the subject of buildings which they are: 

1. Acts: The act is a regulatory document that enacted by Congressional approval to make it a 

mandatory provision. In Iraq, the first Act was enacted for buildings works is the System of 

Roads and Buildings (SRB) No. 35 of year 1935 and was amended in 1964. A1., 1964 

2. Building Regulations: Building regulation is characterized as an instrument utilized by a 

national or local government organization to direct building implementations through an 

arrangement of articulations of satisfactory least prerequisites. In Iraq, there are the building 

regulations that issued by the Morality of Baghdad, in addition to the Comprehensive plan of 

Baghdad. A2., 2007 

3. Building Standards: Standards are created by an expansive scope of public or private 

institutions, however not by legislation bodies or by their agents. Standards for the most part 

manage how things have to be carried out and perform as “best perform”. There are various 

types of standards Bukowski, e al., 2001: calculation or test technique standards; product or 

system determination standards; and performance statement standards, including client needs 

or goals. 

4. Guiding Rules: Guiding rules are tools regulate building works but without scores and ratings. 

The design guidelines set up a typical understanding of design principles and need to be 

integrated with the design process.  

5. Assessments: Assessments may be utilized during the design phase of construction project 

less than building guidelines. Life cycle assessment (LCA) is one technique for assessment. It 

used in assessing the ecological impacts of systems, processes and products during entire life-

cycle of them Sonnemann, et al., 2003.  
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6. Rating Systems: The rating system is considered the most market-oriented tool; it aims to 

assure the affirmation and public acknowledgment of prevalent building performance and 

design.  

7. Code of Practice: Building codes build up the least measures for construction projects aiming 

to health and safety regards. For housing sector in Iraq, there is the Code of Practice of Pole 

Service-Report Two which is adopted for approval awarded for design documents of housing 

projects. A3., 1983. 

 

3. REGULATIONS ENFORCEMENT SYSTEMS 

It is very essential to the viability of any building regulatory framework that it ought to work to 

fulfill compliances with related acts and regulations either were prescriptive or performance 

based regulations. This would be built up by enforcement and compliance systems, which are 

necessary to get a building license for any construction works. It is the request for a license from 

the authorities which is the municipality that sets the system of compliance. In order to get a 

building license, plans have to be submitted that will reviewed and approved before issuing the 

license. This is regularly where various building practitioners and individuals communicate with 

the regulatory authorities in regards to the regulations and its necessities. There are different 

types of regulations that commonly in use, which illustrated in the following sections that are 

ordered according to their degree of centralized control from government. 

  

3.1 Command-and-control regulation 

This type of regulation is made for non-acceptable actions so it commands the working sectors or 

people by "not to do a specific action". So the government enacts a law for this command to 

make that action illegal. Enforcing this law will be by delegating authorities to impose fines to 

those who break the law. For examples, a law enacted for the allowed maximum levels of 

pollution emissions. Cole, and Grossman, 1999. The researchers supposed that is the control 

system used by the government. 

 

3.2 Incentive-based regulation 

An incentive is any approach, rule, evaluating instrument or strategy that looks to alter the 

conduct of people or organizations by changing the marginal expenses or marginal advantages 

associated with specific choices and exercises, through the essential idea of punishments for bad 

behavior such as polluting, or rewards for good action Cambini, and Rondi, 2010. An example, 

regulations of land use may include incentives for developers to provide affordable housing; in 

such a case, the localities must ensure that those who will benefit from the incentives, only the 

once that will fulfill or exceed the criteria of the particular sustainable housing. Incentives should 

be considered for specific terms, i.e. developers ought to be punished on the off chance that they 

neglect to maintain their end of the contract and do not meet the necessities of sustainable 

housing requirements Kumar, 2015. 

 

3.3 Performance-based regulation (PBR) 

This regulation is a type of incentive-based regulation when incentives are tied to enhancements 

in facility performance, price lessening and improving service quality. Performance-based 

regulation (PBR) intends to advance sharing of advantage between the facility and the 

customers. The utility will advantage from incentives and lower costs that prompt to higher and 

better profit on investments. While the customers get advantage from lower prices and improved 

service. PBR is additionally more dependent on external standards of performance and less 

touchy to organization particular activities. For example, PBR may enhance plant usage, 
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diminish operation and maintenance costs and enhance system reliability Bukowski, and 

Rackliffe, 2001.  

 

3.4 Market regulations 

There is a scope of market-based regulations, which can be utilized to manage activities. These 

regulations can demonstrate finance effective and lead to control and decrease the regulatory 

interference in everyday operation of business. The researchers find that this type can be used to 

promote the applications of sustainable construction by establishing such as the international 

tools for sustainable rating systems. 

Monetary measures, for example, the utilization of taxes and subsides are also generally utilized 

market-based instruments. Taxes are regularly forced on destructive activities to make them 

moderately more costly. While, subsides can be utilized to support generation or utilization of 

activities or products which are viewed as attractive Hepburn, 2009. 

 

3.5 Self-regulation 

This regulation is characterized as relying substantially on the goodwill and cooperation of 

individual firms for their compliance. It regularly appears as a business or an exchange affiliation 

developing, monitoring and enforcing its own guidelines of performance Sinclair, 1997. There 

can be some oversight on the regulation by the government. Deferent industries used to have 

self-regulatory systems to govern industry practices, such as health care, nuclear power, higher 

education, and professional sports. Gunningham, 1998. 

Heijden, 2007 found that because of critic on both command and control system and self 

regulations, and due to thoughts that private sector being more effective than government 

legislative sector, a solid concentrate on the possibility of self-regulation appears to have 

ascended from the 1970’s.  

 

4. SUSTAINABLE HOUSING REGULATIONS 

Regulatory systems and codes concerning the sustainability objectives are significant in 

advancing support for sustainability to be integrated within practices of building projects Luce, 

2010. As a result of the fragmented manner of construction projects with the various involved 

stakeholders and actors, regulations may consider as the main conceivable way for projects 

activities to continue Häkkinen and Belloni, 2011. Following sections review kinds of 

sustainability regulation tools for housing in particular. 

 

4.1 Sustainable Building Instruments 

Sustainable building instruments come in a wide assortment of advancing formats; each format 

achieves diverse objectives and makes distinctive impacts Carmody, et al., 2009. Table 1 shows 

the international tools related to sustainable housing projects. Instruments reviewed in this paper 

come into five fundamental classes: building codes, standards, assessments, rating systems, 

guidelines,  

In Some cases, guidelines of sustainable building are composed as recommendations or advise to 

help engineers, developers, and planners to design and construct the sustainable buildings. In 

other cases, governments and its different institutions may utilize these guidelines as obligatory 

methods. For example, The Sustainable Building Guidelines of Minnesota in United States is a 

case of a guideline that is obligatory for all buildings developed by financing from the state 

government Carmody, et al., 2009. This is to aim to guarantee that state money is utilized 

rationally to design buildings that are energy efficient, long lasting, and with few loads as could 

be expected on local infrastructure, e.g. roads and storm sewers. 
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4.2 Types of Indicators 

Commonly, there are two types of sustainability indicators: prescriptive indicators and 

performance indicators. These both types have favorable circumstances. Indicators are typically 

used to determine the action or performance objective that must be met to fulfill a specific 

standard of work. Otherwise, there is an imperative distinction amongst prescriptive and 

performance indicators as discussed below. 

 

4.2.1 Prescriptive Indicators 

These indicators are used to determine specific arrangements for actions that must be made to 

fulfill the criteria. These arrangements are picked in advance by the institution that built up any 

of the deferent instruments i.e. guideline, assessment, or the rating system. Then these actions be 

prescribed and must be finished as composed. Since the indicator is not tied to a measurement, 

the ultimate result of a prescriptive indicator will not be known Carmody, et al., 2009. 

Contractors prefer prescriptive type since this type outline a progression of actions which are 

simple to follow. Similarly, organizations working with rating acknowledge prescriptive 

indicators because they are not difficult to enforce.  

 

4.2.2 Performance Indicators 

This type of indicators is used to measure the result of an arrangement of actions which is not 

prescribed. With these indicators, designers and specialists will choose how the required 

outcomes will be accomplished. Likewise, the performance indicator decides how the outcome 

will be measured. There are significant advantages of these indicators. First, these indicators 

maximize the flexibility designers need to accomplish objectives of sustainable building. In spite 

of that advantage, performance indicators necessitate extra work to measure the performance of 

accomplished works. Additionally, they compel designers and specialists to measure the 

outcomes of the choices they make. This helps them comprehend which choices really work to 

enhance performance. 

In case of post-occupancy monitoring activities, performance indicators will be used to constrain 

building owners and occupants to measure environmental impacts of their actions. This can 

prompt improvement to behavior and procedures to enhance a building’s performance. 

Additionally, these indicators can aid to measure compliance with centralized regulations such as 

energy use, levels of pollution. Carmody, et al., 2009 found that most of building researchers 

have mostly agreed that performance indicators are the best method to achieve objectives of 

sustainability.  

 

4.3 Regulation Enforcement Instruments 

The shortage of correct instrument could be a barrier for the sustainable building practices. 

Different forms of instruments are getting used for steering the sustainable buildings projects. 

These forms include obligatory laws, incentives and voluntary actions. Accordingly, in order to 

enhance application of sustainability within building projects, it is important to find the right 

instruments and systems for enforcing the regulations whatever the type of them. 

 

4.3.1 Obligatory regulations 

In this form, the project will be more averse to be opposed by the regulatory institutions since 

requirements are considered previously, Robichaud and Anantatmula, 2011. The regulations 

may have either positive or negative consequences on an action. In the primary phase of 
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sustainable building development, regulations have to enforce the base required performance and 

this will definitely be effective to accomplish the outcomes Häkkinen and Belloni, 2011.  

 

4.3.2 Incentives 

Incentives are as motivation method to encourage people or institutions to do something, for 

example as tax diminishment which can impact positively the developers’ desire to accomplish 

sustainability targets. As sustainability needs both regulations and innovations in the future as 

more in the housing development projects, incentives can persuade innovations and make 

requests for alternatives. As an example, in USA, several states enacted their own legislation to 

develop and implement LEED based tax discount incentives to create green building initiatives, 

by allowing property tax discount at a local level, as financial incentives that will be founded on 

accomplishing LEED accreditation Prum, 2009. As per this proposed enactment, a private 

client, who wants to develop a new building with LEED accreditation, he will get tax discount 

for up to 12 years. 

The risk of Incentive programs is that they deviates markets and present need to comparison 

opportunities for developers. These programs require solid enforcement and checking by 

government powers. Such incentives additionally should be organized with clear points of 

reference and conditions and commitments, to necessitate the release of the incentives. In this 

manner, implementation the incentives should be actualized with great care. 

For sustainable housing projects, right adjust is required between the cost and the value picked 

up by the developer. Development of sustainable housing may be postponed in case incentive is 

not satisfied. Incentive programs are also subject to be not active leading that developers may 

develop less-quality houses. 

 

4.3.3 Voluntary activities 

Voluntary activities are, for example, the green accreditations from various rating systems such 

as LEED system. Häkkinen and Belloni, 2011concluded that voluntary approach has not 

brought about huge changes, therefore, normative regulations are required. In the case of 

regulations that support the voluntary activities, they would be useful to enhance application of 

sustainable construction.  

 

5 BUILDING THE ENFORCEMNT REGULATION FRAMEWORK 

Regulators need to implement rules and instructions by delivering what they aim from 

concerning institutions and people, through providing guidance or any deferent forms of 

direction to achieve enforcement. They often enforce regulations through inspections and 

approved all stages outputs of design to assess whether development accords with regulations. 

There are two levels of influences required to be considered when planning for enforcing 

regulations; one of them is concerning the behavior of people, and the other will be required to 

influence the actions and activities of institutions when delivering their works related to housing 

projects. 

For the aim of this paper concerning developing an enforcement steering mechanism for 

sustainable housing regulations, the researchers framed the following steps: 

1. Identifying the scope of the regulations needed to be implemented for sustainable housing 

projects in Iraq; 

2. Develop a questionnaire to test the themes needed to stimulate a framework for enforcement 

mechanisms. Those will be illustrated in section 5.2; 

3. Discussing the results to advance recommendations for the aim of this paper 
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5.1 Regulations of Sustainable Housing 

For the scope of this paper, the researchers concluded and extracted, from literature survey, five 

main domains which are crucial for sustainability within housing projects: Materials, Energy 

efficiency, Water efficiency and Health and safety. These domains are to be decided during the 

stage of planning and design of the project. In addition to the management domain which will be 

needed after completion of previous phase, i.e. the phase of occupation and maintenance. These 

domains are as shown in Table 2. The proposed regulations within those domains have to be 

decided how to be obligated. So the researchers appointed three main levels of obligation: 

Centralized regulations, institutional and guiding rules. 

Additionally, the researchers developed incentives regulations for private investors to be used 

when developing sustainable housing projects as illustrated in Table 3; this is to examine how 

incentives would be viable to enforce sustainability practices for housing. 

 
5.2 Developing the Questionnaire 

The researchers used the questionnaire as an instrument considers the experience of 

professionals to examine the themes of the paper. Three questions were developed for three cores 

important for developing the intended framework for regulation enforcement mechanism. 

Questions and scale of evaluation are shown in Table 4. Themes of question 1 and question 3 

were rated using the fifth scale of measurement, while for question 2, three types of obligation 

were proposed for each regulation of sustainable housing which determined in Table 2.  

The questionnaire was delivered to professionals across all Iraq by using the technique of Google 

Drive to prepare and distribute the questionnaire and to receive the replied responses. Those 

professionals were choosing according to their sector of work, experience in housing sector, 

qualifications, and various disciplines ranging from planners, designers, managers, consultants, 

academics, legal and economists in addition to private investors. The researchers distributed the 

questionnaire to 44 professionals, but only 41 responses were replied, this is considered the 

sample size. Initially the questionnaire asked for the background profile of the professionals as 

shown in Fig. 1, which illustrates the working sectors ranging between public and private, and 

No. of experience years ranging from 16 years to more than 30 years which account for more 

than 52% of the total sample size of responses. While the qualifications ranged from Ph.D which 

accounts 35.50% of the sample size, in addition to MSc. accounts 24.85% and BSc. of 39.64%.  

 

5.3 Discussion the Results of the Questionnaire 

 

5.3.1 Testing the Reliability 

It is known that the smallest acceptable value for Cronbach's alpha coefficient  is (0.6) and the 

best value ranging from (0.7 to 0.9) while the higher value than (0.90) supposed to be the better 

but do not reach the correct value of (1) A4., 2013. Values of the reliability coefficients for the 

three questions are positive with maximum limit of (0.930) and the minimum limit of (0.644) as 

shown in Table 5. 

 

5.3.2 Results of Question (1) 

As noted from Fig. 2 and Fig. 3, that the professionals are more satisfied with incentive and 

performance based systems to apply sustainable housing applications with some control required 

from government, and also they find that less control through self regulation and market control 

systems may be used for some types of regulations. These two types also gained some 

satisfaction from professionals with value of arithmetic mean exceeded (3.40) that means the 

"high" satisfaction.  
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5.3.3 Results of Question (2) 

Values and symbols were given to the three levels of obligation, to examine the trends of 

responds for the regulations as follow: 

"1" =  (C) Central regulations 

"2" =    (I) Institutional regulations 

"3" =  (G) Guiding rules 

 

The aim of this question is to test the considerations that researchers appointed for the three 

suggested levels to obligate the regulations of the five themes mentioned in Table 2. These 

considerations are: 

1) All items will be implemented after the stage of development and construction of the housing 

project need to be legislated as centralized regulations. 

2) Items that will be decided through the phase of development and construction will be either 

institutional-based regulations or design guiding rules. They will be obligated by the 

institution that gives the license for the project when these items are able to be implemented 

by the developers but these developers may not desire to implement them because of the 

possible related costs. Otherwise these items will be as guiding rules to the developers to 

implement them in the way they desire but have to accomplish the end targets. 

3) Final evaluation for the level of regulations enforcement depended on the comparison 

between the researchers' considerations and the results from the questionnaire statistical 

analysis; this is because of discrete scale of the three levels of evaluation. 

 

Tables 6a, b, c, d and e show the results of themes of the second question. The researchers 

noted that the centralized regulations were appointed by the professionals for actions that 

considered out of the authority of the institutions to control these actions and enforce them, i.e. 

these actions are interrelated to special named institutions must take action to regulate them. 

 

For the non compatible final results with researchers' considerations, the researchers concluded 

that these regulations required to be included within the authority of the related institutions, as 

illustrated below for each proposed regulation: 

 

- MR2- Recyclable and re-usable materials for a specific portion from total materials: the 

researchers supposed that this item need to be legislating as centralized regulations because it 

needs more obligations to be executed. As per, this will lead to establish stations for recycling 

and reusing of building materials and components. While the results shows the favor type of 

obligation is that regulation be as guiding rules for designers and this will not persuade the 

developers to implement this item because of non available required infrastructure for this item 

to be realized, and because of non interest and awareness of the important of recycling and 

reusing for sustainability. Accordingly, the researchers suggested that this item will be as 

guiding rule and to be studied for long term mandatory legislation in the future. 

- MR4- Cavity external walls, double glazing, low emission glass and heat isolated materials: 

according to the professionals, this item required to be obligated for housing developer by an 

institution, while the researchers appointed this item to be as guiding rules. The 

recommendation is that this item be as institutional obligated or as guiding rule as per the 

project orientation and briefing. 

- MR5- standard material and product sizes and unified window shapes and sizes for easy replace 

when need to maintenance: professionals indicated this item to be as guiding rules, while the 

researchers indicated it to be obligated by the institution. So, the researchers suggested that this 
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item firstly has to be as guiding rules with term that it will be obligated by institutions in the 

later time and not to stay as guiding rules.  

- MR7: low shining concrete or materials with reflecting factor used for car parking surfaces to 

reduce the heat island: the result is as same as MR4. This item recommended to be obligated by 

institutions. 

- For themes of energy efficiency, water efficiency and health and safety, the results are 

compatible for both researchers' consideration and results of the questionnaire.  

- For themes of Occupation and Maintenance Management, only one item has conflict result 

which is the OMR3: Create programs for residents to engage them in the programs of utilizing 

and/or maintaining water and energy; the professionals indicated this item would be obligated 

as per institutions, while the other two items; OMR1 and OMR2 were indicated as centralized 

obligated. 

 

5.3.4 Results of Question (3) 

As noted from Fig. 4, the professionals highly encourage using incentive regulations for 

investors to promote the applications of sustainable housing. The three items: IR1, IR2 and IR3 

concerning using the vacant and contaminated lands and enhancing mixed use zoning for 

housing within commercial buildings scored more than 4.20 which indicate "very high 

satisfaction" from the respondents. While the results of the other three regulations: IR4, IR5 and 

IR6 concerning rainwater tank and recycling techniques for grey water, floating zone and 

brownfield sites, also indicated high score which is higher than 3.40, leading to conclusion that 

the respondents are with high satisfaction with promoting incentives for these regulations but 

need more binding terms when contracting. 

 

6 CONCLUSIONS 
From the literature review of this paper and the results of the practical work, the researchers 

concluded that to promote sustainability practices within housing projects, it is necessary to 

establish programs and mechanisms out of the ordinary model. Enforcement mechanism should 

be standing on the concept of not treat all regulated issues in a uniform method. Based on that, 

differentiation should be based on the overall actions of the regulated issue. That means the 

enforcement approach would base on the status of the housing project and its briefing.  

Furthermore, they concluded that incentive regulations can be determined and controlled by the 

authorized bodies. Also moving toward performance-based regulation (PBR) is highly 

recommended to be adopted in the reforming regulations of sustainable housing, but with using 

the four types of enforcement levels to promote the sustainable practices: centralized; 

institutional and guiding rules, in addition to incentive regulations. For some regulations, it is as 

per a locality to decide how would like to obligate them within contracts with developers to 

fulfilling their vision. 

Also the researchers found that to create programs for residents to engage them in the programs 

of utilizing and/or maintaining water and energy need to be centralized obligated, so the 

researchers recommended that this item firstly be obligated as an institution decides to, with 

condition that it will be legislated centralized in the long term strategy. 

Another recommendation is that the government has to promote actions to be as supported 

activities for establishing an enforcement mechanism for sustainable housing projects through 

maximizing the awareness of practitioners who either work within the regulatory bodies or the 

private sectors who work in developing housing projects in addition to the households that will 

be the users of the sustainable housing projects.  
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ABBREVIATIONS 

PBR=   performance based regulations 

CAC=  command and control 

ER= energy efficiency regulations 

HSR = health and safety regulations 

MR = materials regulations 

OMR= occupation and maintenance regulations 

Q   = question 

Sys =   system of enforcement 

S.D = standard deviation 

WR = water efficiency regulations 
  

 

 

   

 

Figure 1. Qualifications and work place of the respondents, Researchers. 

 

 
Figure 2. Descriptive analysis for respondent's evaluation of supposed regulations enforcement 

systems, Researchers. 
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Figure 3. Spectrum of satisfaction with degree of centralized control by regulations, 

Researchers. 

 

 
 

Figure 4. Descriptive analysis for respondent's evaluation of proposed incentive themes for 

regulations for housing investors, Researchers. 
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Table 1. Indicators in the international tools for sustainable housing development ,Researchers 

depend on, Carmody, et al., 2009. 
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 Building Code           ●    

Standard      ●         

Assessment        ● ● ●  ● ●  
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Bio - diversity √ √ √ √ √ √ √   √ √ √   

Land use √ √  √ √ √ √   √ √ √  √ 

Heat island effect √ √ √ √  √      √   

Vehicle miles travelled √ √  √ √ √ √    √ √  √ 

Energy use – total 

building 
√ √  √ √ √ √ √ √ √ √ √ √  

Energy use – HVAC  √ √   √ √ √      √ 

Energy use – others  √ √ √  √ √    √ √ √ √ 

Energy use – renewable √ √ √ √ √ √ √     √ √ √ 

Water use – building √ √ √ √ √ √ √  √ √ √ √ √ √ 

Water use – landscape √ √ √ √ √ √ √  √ √ √ √  √ 

Waste water    √ √ √    √  √  √ 

Storm water √ √ √ √ √ √    √ √ √  √ 

Solid waste √ √ √ √ √ √ √   √ √ √  √ 

Light pollution √   √  √ √     √   

Sound pollution   √ √ √          

Carbon footprint    √  √   √ √ √ √ √ √ 

Human health IEQ √ √ √ √ √ √ √   √ √ √  √ 
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Table 2. The proposed regulations within the five domains for sustainable housing, 

Researchers. 

Main 

domains 

Proposed Regulations 

Materials 

 

Enact a 

standardize

d national 

code to 

promote 

using: 

MR1: local building materials for a specific portion from total materials 

MR2: recyclable and reusable materials with for a specific portion from total 

materials 

MR3: low volatile organic compound (VOC) building materials 

MR4: Cavity external walls, double glazing, low emission glass and heat 

isolated materials 

MR5: standard material and product sizes and unified window shapes and sizes 

for easy replace when need to maintenance 

MR6: energy saving construction materials for a specific portion from total 

materials 

MR7: low shining concrete or materials with reflecting factor used for car 

parking surfaces to reduce the heat island   

Energy 

Efficiency 

ER1: Determine a portion of the total electric power needed to whole housing 

project to be generated from renewable energy recourses 

ER2: Using Solar system for water heating 

ER3: Installing energy efficient appliances for heating, cooling, cooking, 

lighting and ventilation 

ER4: A specific percentage of total dwelling units must be oriented correctly 

Water 

Efficiency 

WR1: Water recycling based strategies: rain water storage and re-use, and Gray 

water re-use and recycling system 

WR2: installing water efficiency appliances and fittings  

WR3: Impose strict levies and penalties for the quantity of used water by 

specify the upper limit for the permitted quantity of water  

WR4: establish limits for out-door water use 

Health and 

Safety 

HSR1: make the main living areas of the dwelling unit away from roads and car 

parking to avoid exposure to car fumes 

HSR2: Enhancing using fire network System and design for escaping roots 

HSR3: Using materials and building components of a non- combustible and 

flammable content in order to reduce the risk of the rapid spread of fire 

and toxic gases inside the house 

HSR4: Using smart appliances such as: Combustion appliances (venting 

Measures), Indoor contaminant control, Moisture Control devices and 

Occupant controls/ease of use (CO Monitors installed in each unit 

HSR5: Using hard or natural barriers and trees to avoid and eliminate 

the outside noises 

Occupation 

and 

Maintenance 

Management 
 

OMR1: Establish housing association in order to set and conduct a long 

term Programs for housing and facilities maintenance and management 

within the housing development or district. 

OMR2: set and conduct a waste management plan for the housing 

development 

OMR3: Create programs for residents to engage them in the programs of 

utilizing and/or maintaining water and energy. 
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Table 3. Incentives regulations for private investors, Researchers. 

 

 

 

 

 

Table 4. Themes and scale of evaluating the themes of the questionnaire. 

 

Questions Theme Scale 

Q1 Enforcement systems 

mentioned in Section 3 

Rated from 1 to 5, where (1) represents the "not 

satisfy" and (5) represents the highest 

satisfaction. The calculated scale to represent the 

results are: 

- Not satisfy:  1.00 - 1.80 

- Little:  1.81 – 2.60 

- Medium:   2.61 – 3.40 

- high:   3.41 – 4.20 

- Very high:   4.21 – 5.00 

Q2 Proposed regulations for five 

themes: 1)Materials, 2)Energy 

efficiency, 3)Water efficiency, 

4)Health and safety, and the 

5)management 

three main levels of obligation: 

 Centralized regulations; 

 institutional; 

 guidelines 

 Proposed Incentives regulations for investors 

IR1 Vacant lands: Reduce costs and facilitate the approvals and licenses for investors for 

the purpose of developing vacant land within the urban fabric assigned for residential 

use to establish affordable housing but must be with sustainability applications for 

energy, water and materials using efficiency. 

IR2 Contaminated lands: Granting subsidies for the rehabilitation of contaminated lots 

for housing complex projects with sustainable practices 

IR3 Inclusionary Zoning-Mixed Use: allow apartments over stores to create powerful 

incentives for private developers and investors to produce more affordable housing 

but with sustainable practices. 

IR4 Brownfield sites: Using land with existing infrastructure more effectively: reducing 

the need to invest in costly new infrastructure expansion, lowers land and service 

costs thereby contributing to housing affordability and sustainability 

IR5 Floating zone: Identifying specific regions and lands to apply specific floating 

legislation previously agreed that differ from what is stipulated in the general 

regulations such as density, number of floors, elevations, coverage ratios, setbacks 

and subdivisions and others, to create a motivational environment for investors to set 

up projects with sustainable applications for affordable housing 

IR6 Rainwater tank and recycling techniques for grey water: Developers are entitled 

to an amount as remission on their development contribution for approved 

installation of rainwater tanks, and using recycling for grey water to encourage the 

wise and sustainable reuse of water resource. 
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Q3 Proposed incentive regulations 

for housing private investors 

Rated from 1 to 5, where (1) represents the "not 

satisfy with viability of the proposal" and (5) 

represents the highest satisfaction. The 

calculated scale to represent the results are: 

- Not satisfy:  1.00 - 1.80 

- Little:  1.81 – 2.60 

- Medium:   2.61 – 3.40 

- high:   3.41 – 4.20 

- Very high:   4.21 – 5.00 

 

 

Table 5. Reliability statistics test for the main themes of the questionnaire using Cronbach's 

Alpha as internal consistency. 

 

Question 
Number of items 

of the question 

Standard lower 

bound 
Actual values Assessment 

Q1 5 0.60 0.644 Pass 

Q2 33 0.60 0.930 Pass 

Q3 10 0.60 0.729 Pass 

 

 

Table 6a. Results for the theme of Materials. 

 

Proposed 

Regulatio

ns 

Supposed 

mandatory 

level by 

researchers 

Centralized 

regulations 

(C) 

Institutional

/sectoral 

regulations 
(I) 

Guiding 

rules 

(G) 

Mean S. D assess 

MR1 Centralized 15 13 13 1.95 .835 Centralized 

MR2 Centralized 12 11 18 2.15 .853 Guidelines 

MR3 Centralized  19 12 10 1.78 .822 Centralized 

MR4 Guidelines 11 20 10 1.98 .724 Institutional 

MR5 Institutional 4 16 21 2.41 .670 Guidelines 

MR6 Guidelines 8 13 20 2.29 .782 Guidelines 

MR7  Guidelines 12 17 12 2.00 .775 Institutional 

 

Table 6b. Results for the theme of Energy efficiency. 

 
Proposed 

Regulatio

ns  

 

Supposed 

mandatory 

level by 

researchers 

Centralized 

regulations 

(C) 

Institutional 

/sectoral 

regulations 

(I) 

Guiding 

rules 

 

(G) 

Mean S. D. assess 

ER1 Centralized 13 21 7 1.85 .691 Centralized 

ER2 Centralized 15 15 11 1.90 .800 Centralized 

ER3 Centralized 15 14 12 1.93 .818 Centralized 

ER4 Guidelines 6 18 17 2.27 .708 Guidelines 
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Table 6c. Results for the theme of Water efficiency. 

 
Proposed 

Regulatio

ns  

Supposed 

mandatory 

level by 

researchers 

Centralized 
regulations 

(C) 

Institution

al/sectoral 

regulations 

(I) 

Guiding 

rules 

(G) 

Mean S. D. assess 

WR1 Institutional 11 21 9 1.95 .705 Institutional 

WR2 Centralized 11 18 12 2.02 .758 Institutional 

WR3 Centralized 21 11 9 1.71 .814 Centralized 

WR4 Centralized 10 20 11 2.02 .724 Institutional 

 

 

 

Table 6d. Results for the theme of Health and safety. 

 
Proposed 

Regulatio

ns  

Supposed 

mandatory 

level by 

researchers 

Centralized 
regulations 

(C) 

Institution

al/sectoral 

regulations 

(I) 

Guiding 

rules 

(G) 

Mean S. D. assess 

HSR1 Guidelines 14 14 13 1.98 .821 Institutional 

HSR2 Centralized 20 16 5 1.63 .698 Centralized  

HSR3 Centralized 15 15 11 1.90 .800 Centralized 

HSR4 Guidelines 10 17 14 2.10 .768 Institutional 

HSR5 Guidelines 10 16 15 2.12 .781 Institutional 

 

 

 

Table 6e. Results for the theme of Occupation and maintenance management. 
 

Proposed 

Regulatio

ns  

Supposed 

mandatory 

level by 

researchers 

Centralized 

regulations 

(C) 

Institution

al/sectoral 

regulations 

(I) 

Guiding 

rules 

(G) 

Mean S. D. assess 

OMR1 Centralized 18 20 3 1.63 .623 Centralized  

OMR2 Centralized 18 19 4 1.66 .656 Centralized  

OMR3 Centralized 11 17 13 2.05 .773 Institutional 
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ABSTRACT 

Poly urea formaldehyde –Bentonite (PUF-Bentonite) composite was tested as new adsorbent 

for removal of mefenamic acid (MA) from simulated wastewater in batch adsorption 

procedure. Developed a method for preparing poly urea formaldehyde gel in basic media by 

using condensation polymerization. Adsorption experiments were carried out as a function of 

water pH, temperature, contact time, adsorbent dose and initial MA concentration .Effect of 

sharing surface with other analgesic pharmaceuticals at different pH also studied. The 

adsorption of MA was found to be strongly dependent to pH. The Freundlich isotherm model 

showed a good fit to the equilibrium adsorption data. From Dubinin–Radushkevich model the 

mean free energy (E) was calculated and the value of 5 KJ/mole indicated that the main 

mechanism governing the adsorption of MA on PUF-Bentonite composite was physical in 

nature. The kinetics of adsorption tested for first order, pseudo second order models and 

Elovich’s equation, results showed the adsorption followed the pseudo-second-order model. 

Key Words: Mefenamic acid adsorption, Bentonite ,Analgesic ,Poly urea formaldehyde. 

 

  ممتسة كمادة فورمالذهايذ يوريا البولى البنتونيج  خليط بواسطت  الماء من الميفيناميك حامض  امتساز

 د.بسمه عباش عبذ المجيذ                                                               د.رحيم جميل محسن        

 كهُت انصُذنت صايعت انبصشة  -اعخار يغاعذ                                              كهُت انهُذعت صايعت بغذاد –اعخار     
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 انًعهذ انخقٍُ فٍ انبصشة –يذسط يغاعذ 

 الخلاصت
حُذ   (MA) انًُفُُايُك حًض لإصانت صذَذة كًادة يًخضة  بُخىَاَج  PUF)) فىسيانذهاَذ َىسَا بىنٍيضَح   اخخباس حى

ىسَا ش طشَقت صذَذة نخحضُش بىنًُش انُحى حطىَ يخخبشَا. عاث نًُىرس يٍ انًاء  انًهىد يعذضاص بانذفاصشَج حضاسب الايخ

انخارُش  دساعت يخغُشاث .اصشَج حضاسب الايخضاص يٍ خلال فىسيانذهاَذ فٍ وعظ قاعذٌ باعخخذاو انبهًشة انخكزُفُت 

يظ ، كًُت انًادة انًًخضة وحشكُض انحايض الابخذائٍ .دسط ( ، انحشاسة ، صيٍ انخلا pHانًخخهفت يزم انذانت انحايضُت )  

َعخًذ   MA. وصذ اٌ ايخضاص   pHيخخهفت يٍ  قُىكزنك حأرُش يشاسكت انغطح انًًخض يع يىاد يغكُت صُذلاَُت اخشي عُذ 

       رس.  يٍ ًَىFreundlich.اظهشث بُاَاث حىاصٌ اَضورُشو الايخضاص حطابقها يع ًَىرس   pHبصىسة اعاعُت عهً 

mailto:basma1957@yahoo.com
mailto:raheemjamail@yahoo.com


Journal of Engineering Volume   23  July  2017 Number 7 
 

 

05 

 

Dubinin Radushkevich حى حغاب  يخىعظ انطاقت انحشة   (E) 5وكاَج قًُخها KJ/mole     ٌوانخٍ حشُش انً ا

طبُعت ايخضاص حايض انًُفُُايُك عهً خهُظ انبىنٍ َىسَا فىسيانذَهاَذ بُُخىَاَج هٍ راث طبُعت فُضَاوَت . حى حطبُق 

انُخائش انً اٌ الايخضاص اشاسث و  Elovich’sانزاَُت ويعادنت  وانشحبت ً الاون انشحبتًَارس دساعت حشكُاث الايخضاص  

 .انزاَُت انشحبت َخضع انً ًَىرس حشكُت 

 .فىسيانذهاَذايخضاص حايض انًفُايُك ، بُخىَاَج ، يزبظ ، بىنٍ َىسَا الكلماث الرئيسيت : 

1. INTRODUCTION 

An increasing number of emerging contaminants have been detected in surface waters, 

sediment, soil and ground  water in different locations in the world, which is a new 

environmental challenges need  an actual concern for international scientific and legislative 

communities Álvarez , et al. 2015 .Generally, these compounds, e.g., pharmaceuticals, 

personal care products surfactants, pesticides, and brominated flame retardants are not totally 

removed by conventional wastewater treatment plants (WWTP), due to its existing 

everywhere and stability against biodegradation. The effect of these pollutants  in the 

environment does not only depend on its concentration level  in the environment, but also on 

other factors, such as bioaccumulation , lipophilicity increases or persistence, exposition time 

and mechanisms of biotransformation and elimination ,Esplugas ,et al. 2007. From the other 

hand a wide range of these compounds are suspected to have endocrine-disrupting effects, 

possibly at long-term, in living organisms, including humans , Nikolaou ,et al. 2007. 

Pharmaceuticals and their metabolisms are the most important emerging contaminants 

detected in environmental systems. Approximately 3,000 different compounds, with wide 

range of different chemical structures, are used in human and veterinary medicine ,Halling-

Sørensen ,et al. 1998.  Several researches focused on detection of pharmaceuticals at 

different therapeutic classes, analgesics, lipid-lowering agents, antipyretics, broncholitics, 

antidepres-sants, synthetic steroidal hormones, human and veterinary antibiotics, etc. in 

surface water, soil and ground water, with this purpose accurate and sensitive analytical 

method have to be developed capable to monitor these compounds in ng/L level ,Farré ,et al. 

2001; Hernando, et al. 2007;Hao , et al. 2008;Silva, et al. 2008 ; Gracia-lor, et al. 

2010;Du , et al. 2014 ; K’oreje ,et al. 2016 . 

Among the pharmaceuticals reported  in environment ,Analgesic   and non-steroid anti-

inflammatory drugs ( NSAID ) have been detected in the concentration ranges from ng/L to 

µg/L in surface and wastewater due to very high use of these pharmaceuticals also without 

prescription Tauxe-Wuersch, et al. 2005; Fatta, et al. 2007; Durán-Alvarez, et al. 2009; 

Ziylan & Ince 2011; Carmona, et al. 2014; Lolić ,et al. 2015; Jung, et al. 2015. Mefenamic 

acid [2-(2,3-dimethyl phenyl)amino] benzoic acid Table 1 is a non-steroidal drug which has 

analgesic, anti-inflammatory and antipyretic actions and it is used specially in the treatment of 

rheumatoid arthritis and osteoarthritis and other muscular-skeletal diseases, Reynolds, J.E.F., 

Prasad 1982. 

   The present water and wastewater treatment plants have been designed for the treatment and 

removal of contaminants and eutrophicating pollution loads, which are specified in the 

existing regulations. However, the occurrence of the new unregulated contaminants requires 

advanced treatment ,Bolong ,et al. 2009.The removal technologies can be classified as three 

main classes' physiochemical treatments such as adsorption, biodegradation such as 

membrane bioreactor (MBR), and advance technologies such as advance oxidation by ozone. 

A Comparison for removal capacities between membrane bioreactor and   conventional 

activated-sludge process showed a maximum removal of 74.8 % and 29.4% respectively 

,Radjenovic ,et al. 2007. 
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Elimination of mefenamic acid MA by photolysis, ozonation, adsorption onto activated 

carbon (AC) was investigated Gimeno ,et al. 2010 .The results  showed that the addition of 

activated carbon don’t enhanced  removal process and get a removal efficiency of 60% in 120 

min by combination of ozone and UV radiation .Rodrigo,  et al., 2014, used adsorption of 

mefenamic acid with activated carbon and red mud then oxidation with chlorine ,they go to 

removal of 100% for activated carbon and 96 % for red mud . Different oxidative processes 

(H2O2, H2O2/UV, Fenton and Photo-Fenton) were investigated for mefenamic acid removal 

from water Colombo, et al. 2016.The results, shows that the photo-Fenton process is the best  

to get maximum removal efficiency of 95.5 at pH 6.1 and 60 min oxidation time .  

Bentonite  was used as adsorbent for different pollutants in aqueous media ,Hefne ,et al. 

2008; Hefne ,et al. 2010 ; Al-Khatib, et al. 2012; Chmielewská ,et al. 2013 ;  Aljlil & 

Alsewailem 2014 ; Moradi ,et al. 2015.From other side composite bentonite with other 

polymer or organic material were studied ,Ulusoy & Şimşek 2005 ; Anirudhan, et al. 

2008;Anirudhan ,et al. 2010;Anirudhan & Suchithra 2010;Zhao, et al. 2010;Dalida ,et 

al. 2011;Anirudhan & Rijith 2012. 
Polymeric adhesive poly urea formaldehyde (PUF) gel is a condensation product of the 

chemical reaction of formaldehyde with urea, considered as one of the most important wood 

adhesives. Urea formaldehyde gel have been greatly used in wood based industries due to 

it low cost, low cure temperature, lack of color and ease of use under a wide variety of curing 

conditions , Gürses, et al. 2014.The composite mixture of poly urea  formaldehyde and 

bentonite(PUF-Bentonite ) will be studied as anew adsorbent . 

There are very limited   studies on the adsorption and removal of mefenamic acid from water 

and waste water. This study focused on the adsorption of mefenamic acid using new 

composite adsorbent poly urea formaldehyde and bentonite clay in a step to enhancement the 

surface with low cost adsorbent and  minimize the waste treatment cost .The optimum 

bentonite dose in composite  adsorbent , effect of  contact time, temperature ,initial 

concentration , solution pH , adsorbent dose  and  sharing surface with other analgesic were 

investigated. Equilibrium and kinetic parameters were also determined to help provide a 

better understanding of the adsorption process and application it in a large and industrial 

scale. 

2. EXPERIMENTAL 

2.1 Materials  

   The materials and chemicals used in this study, listed in Table 2, the solvents and reagent 

grade and used without further purifications. 

2.2 Preparation of Poly Urea Formaldehyde Gel  

   Five grams of urea dissolve in 50 ml formaldehyde using 250 round flask with reflux, after 

completely dissolved adding a drops of 1M sodium hydroxide solution to adjust pH to 9 .The 

round put on a hot plate mixing stirrer, the temperature set to 60 ˚C. Left the condensation 

reaction for 3 hours and with pH control to 9.A viscous fluid formed after three hour of 

condensation reaction then left in oven at temperature 40 ˚C for 48 hour to remove excess 

water.  Finally the urea formaldehyde gel store in glass container at room temperature for 

further use.The proposed equation for preparation polyureaformaldehyde clarified in Eq.1 
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2.3 Preparation Urea Formaldehyde Bentonite Composite  

    Bentonite washed in deionized distill water for three times and then dried in  an oven at 100 

˚C for two hours .Different masses ratios of bentonite to poly urea formaldehyde 0,1 ,2,3,4, 

and 5 took to prepare composite of PUF –Bentonite .The composite  mixed vigorously  at 

temperature 60˚C for 15 minutes , then put composite in  an oven at 110 ˚C for 24 hour  to 

solidification .The composite washed  many times with deionized water finally dried in an 

oven to remove water . The sample was crushed and screened through a 200-mesh for further 

use.  

2.4 Adsorbate  

    Mefenamic acid is poorly soluble in water and several solvents. In this study many solvent 

checked to test total solubility of MA such as methanol and ethanol.50 mg of MA dissolved in 

250 ml of water solution 0.01 M NaOH at temperature 37˚ C for 12 hour to prepare 200 µg/ml 

MA solution .This stock solution used in next time to prepare different concentrations of MA 

by dilution in 0.01 M NaOH solution.  

2.5 Calibration and Method Validation 

    UV spectrophotometer type Apel pd-303 UV were used to quantification of MA 

concentration , 30 µg/ml concentration solution of MA were used to tested maximum wave 

length from 200-400 nm Fig.1  the results showed that the maximum wave length occurs at 

285nm  this results fit with , Singh ,et al. 2011,study . From the respective stock solution 

(200µg/ml) different concentration of 2.5, 5, 10, 20, 30, 40  and 50 µg/ml  MA were prepared 

and scanned in UV at 285 nm  region. Calibration curve were plotted as 

absorbance vs concentration and their linearity range was determined Fig.2. 

2.6 Characterization 

   The mineralogical composition of bentonite samples and bentonite poly urea formaldehyde 

composite was determined using X-ray Diffraction (XRD) technique. X-ray analyses of the 

samples was performed on the (PAN ALYTICAL); a copper (Cu) anode was used in the X-

ray tube and operated at current 20 Ma and  power level of 4 kW. The surface morphology of 

each samples was determined by scanning electron microscopy (SEM) photography 

(INSPECT-550) was normally performed at 10 Kv . FTIR spectra were recorded in the region 

of 4000-400 cm
−1

 (SHIMADZU). 

 

………(1) 
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2.7 Adsorption Studies  

    The adsorption studies were conducted with 0.050 g of adsorbent and 20 mL of mefenamic 

acid solution at desired concentration, pH and temperature on a constant speed of 180 rpm. 

The solution was filter in 0.2 microns Millipore filter syringe and the concentration of MA in 

the supernatants was examined with a spectrophotometer at the wavelength of 285nm at 

which the maximum absorbency occurred. Then the amounts of MA adsorbed per unit mass 

of adsorbent were calculated from the differences between the initial and final MA 

concentrations in solution by the following equation Eq(1): 

q =
(    )  

 
                                                             ..  …  ..         (2) 

Where q is the adsorption capacity of mefenamic acid mg/g at any time t C and Ce is initial 

and equilibrium concentration respectively, V (L), the volume of MA solution used in 

adsorption experiment, M(g), the mass of the adsorbent used in the present study. 

For the investigation of effect of composite mass ratio Bentonite/poly urea formaldehyde 

content on adsorption capacity, 50 mg of the adsorbent with  20 ml of 40µg/ml MA solution 

was put into the flask with fitted cub  and stirred  at 180 r.p.m for 240 min in water bath 

shaker (Polyscience) type .Temperature adjusted to  27 ˚C  using chiller type DHC  , pH set to 

7 by using 0.01 M HCL or 0.01 M NaOH solution using pH meter type  (HANNA  pH 211)   . 

To investigate the effect of contact time on adsorption, time changed between 15 to 120 

minutes. Temperature effect studied with changing temperature from 15 to 64 ˚C at contact 

time 60 min.  To investigate the effect of  pH on adsorption, MA solution with an initial 

concentration of 40µg/ml with pH in the range of 1.5–12.5 for contact time 60 min and 

temperature 47˚ C. A series of MA solutions with different concentrations (20–200 µg/ml) at 

pH = 2 and temperature of 47˚C were prepared to investigate the adsorption isotherms. To 

investigate the effect adsorbent dose on adsorption, the concentration of MA 200 µg/ml used 

with the same previous conditions by changing the dose from 50 – 300 mg in 20 ml MA 

solution. The effect of sharing surface with other analgesic, used a complex wastewater 

containing other NSAIDs acetaminophen 40µg/ml , diclofenac sodium 40µg/ml, 

acetylsalicylic acid 40µg/ml, ibuprofen 40µg/ml     and indomethacin 200 µg/ml   this 

complex prepared at different pH values from 2-12, with contact time 60 min, temperature 

47˚C and 50 mg adsorbent in 20 ml MA solution will be used .All experiment repeated double 

time and the average of absorbance took as a final reading.    

3. RESULTS AND DISCUSSION 

3.1 Characterization 

    Bentonite is considered one of the most abundant natural materials available in nature that 

can be used for adsorption  pollutant from wastewater and other application Al Khatib,et al. 

2012. The chemical composition of natural bentonite is different depending on the source of 

collection. The commercial bentonite XRD shown in Fig.3 . Bentonite poly urea 

formaldehyde composite predominantly had a dark brown appearance. A typical XRD pattern 

of bentonite poly urea formaldehyde composite after mixing shown in Fig.4 .FTIR  spectra 

for bentonite , poly urea formaldehyde and bentonite polymer composite shown in Fig.5 ,6,7 

its seems shifting and missing groups as illustrated in Table.3.SEM  image for raw material 

and composite shown in Fig.8 a&b it can be seen gathering of many microfine particles in 
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bentonite -PUF composite compare with bentonite surface which lead to rough surface with 

presence of pore structures. 

3.2 Effect of Composite Mass Ratio 

   The adsorption of MA by composite adsorbents with different mass ratios of bentonite and 

PUF shown in Fig.9. It could be observed that the adsorption capacity is 2.4, 5.7, 6, 9.6, 6.6 

and 5.9  mg/g for composite  with bentonite to PUF (bentonite only ,1:1,2:1,3:1,4:1 and 5:1) 

respectively. It observed that the adsorption capacity increase by increasing bentonite content 

until reaching the best ratio of 3:1(3g bentonite/1g PUF) then the increasing of bentonite 

reduce the adsorption capacity. This may attributed to increase 

organic /inorganic interaction between PUF and bentonite which responsible to convert the 

surface from hydrophilic to organophilic by urea groups. Increasing PUF in composite 

compare with bentonite weight caused also decrease in adsorption capacity because surface 

became more amorphous and reduce crystalline structure .This confirmed by previous 

investigator focused on mixing organic group with clay Moazed & Viraraghavan 2005 & 

Oleiwi 2014 . The best composite ratio bentonite to PUF will be used for further experiments 

is 3:1 for bentonite to PUF ratio. 

3.3 Effect of Contact Time  

   Contact time is important parameter because it can determine the time required to achieve 

equilibrium of the adsorption system and predict the feasibility of an adsorbent for its use in 

wastewater treatment. Except for high adsorption capacity, fast adsorption rate is also 

indispensable for practical application. The effect of contact time on adsorption of MA onto 

PUF -Bentonite composite was studied over a contact time of 0–120 min.Fig.10 shows that 

the amount of MA adsorbed per unit mass of adsorbent increased rapidly within 

45 min . Further increase in contact time did not enhance the adsorption. Equilibrium was 

achieved around 45 min   and increased slightly to 60 min .A contact time of 60 min was 

chosen as equilibrium time in further experiments   . The initial rapid increased may be due to 

greater number of adsorbent active sites available for MA adsorption which caused higher 

driving force that made fast transfer. With increase in contact time, the availability of 

MA to the active sites on the PUF-Bentonite surface would be limited, which fixed the 

adsorption capacity. The contact equilibrium time achieved in this study 

is shorter than the contact time using different adsorbent in many 

researches focused on selected NSAIDs Gimeno et al. 2010 ;Khatem et al. 2015&Jodeh et 

al. 2016 . 

3.4 Effect of Temperature  

    Fig. 11 illustrates the variation of MA adsorption capacity with temperature in the range 

from 15 to 67 ˚C.  From the figure it is seen that temperature had a limited influence on 

adsorption capacity. The adsorption  capacity of MA  increased with increase in temperature 

in the range from 15- 49˚ C  , then  was observed at 50 ˚C  it gradually decreases with again 

increase in temperature. The enhancement in adsorption with rise in temperature may be 

attributed to increases the rate of diffusion of the adsorbate molecules across the 

 boundary layer and within the internal pores of the adsorbent particle, due to decrease in the 

viscosity of the solution from the other hand increasing temperature increase in the number of 

active surface sites available for adsorption, pore volume and the porosity of the adsorbent. 

The decrease in adsorption capacity with further increase in temperature is due to reduce the 
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boundary layer thickness and increase the kinetic energy of MA molecules, this gave a 

tendency to escape from active site to fluid bulk .From the other hand MA is hydrophobic and 

water structuring existing around hydrophobic part of  MA molecules ,at high temperature 

water structuring decreasing and make the molecule more free to diffusion 

and increased diffusion rate Steinby et al. 1993 & Nam et al. 2014 . Previous literatures 

working with temperature range from 30 to 40 ˚C  for same group of NSAIDs have similar 

behavior Cabrita et al. 2010 ;Álvarez, R.S. Ribeiro, et al. 2015 & Mohd et al. 2015 . 

3.5 Effect of pH    

   Generally pH is considered to be an important parameter that controls the adsorption at 

water-adsorbent interfaces. Results of the influence of pH on adsorption are illustrated in 

Fig.12, pH seems had significant influence on adsorption capacity of MA. Experiments were 

conducted varying the solution pH from 1.5 -13 while rest of the factors were kept constant. 

The maximum capacity   was observed at pH range 1.5-3.5. Result indicated a pH less than 

the pKa of MA (pKa = 4.20), is efficient for MA removal. The solubility of MA with 

carboxylic acid groups decrease when pH decrease then ‘van der Waal’ interaction between 

MA and the adsorbent surface increased. At pH more than 6 MA are quantitatively 

dissociated, increasing their water solubility and decreasing their interaction by hydrogen 

bonds Bui & Choi 2009 ; Guedidi et al. 2014 & Jodeh et al. 2016 . 

3.6 Effect of Initial Concentration    

   The initial concentration provides an important driving force to overcome all mass transfer 

resistances of all molecules between the aqueous and solid phases Malkoc & Nuhoglu 2007. 

From the other hand pharmaceutical pollutant are variable concentrations in water then the 

understanding the variation in concentration is important to control the adsorption process. 

MA acid concentration changed from 20 to 200 µg/ml with adjusted pH value to 2 .It seems 

from Fig.13 that the adsorption capacity increase with increasing initial MA concentration 

This is a result of the increasing driving force resulting from increment in concentration 

gradient to reduce the mass transfer resistance between solid and liquid phases and raised the 

number of available molecules per adsorption site. It's important to show in this situation that 

the percent removal of MA from aqueous phase decrease with increasing initial concentration 

due to saturated the adsorbent active sites Khalaf et al. 2013 .  

3.7 Effect of Adsorbent Dose  

    The effect of adsorbent dose on the adsorption capacity of MA is shown in Fig.14 the 

adsorbent mass changed from 50 to 350 mg with 40µg/ml initial concentration. It was 

observed that as the mass of PUF- Bentonite composite increased the adsorption capacity 

decrease and increasing percent removal. This is mainly due to an increase in the 

 adsorption surface area and the availability of more active sites on the surface .The reverse 

trend of adsorption capacity would be attribute to the gathered and unsaturated adsorption 

sites Nam et al. 2014 & Mupa M et al. 2015.  

3.8 Effect of Surface Sharing  

    In previous parameter checked the effect of different parameters regarding MA adsorption 

on PUF-Bentonite surface, if water contain only MA as pollutant .In this part investigate the 

effect of present of other pollutants in water to adsorption of MA at different pH values. 

Adsorption experiment  were carried out for water containing MA (40µg/ml ) and other   

analgesic   acetaminophen 40µg/ml   , diclofenac sodium 40µg/ml     , acetylsalicylic acid 
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40µg/ml, ibuprofen 40µg/ml     and indomethacin 200 µg/ml at different pH value of 2,5,7 

and 12. The results illustrated in Fig.15 ,and its seems that the adsorption capacity decrease 

with existing of other pollutant in water ,this due to sharing the free sites in the adsorbent 

surface with other pollutant  and  solute-surface interactions and competition of  pollutant 

with each other to attack surface and overcoming mass transfer resistance Bui & Choi 2009.  

3.9 Adsorption Isotherm and Kinetic Study  

   Adsorption isotherm is important to sketch how adsorbate interact with adsorbent, and it is 

critical in optimizing an adsorption process to suggest how the adsorbed molecules distribute 

between the liquid phase and solid phase until the adsorption process achieve an equilibrium 

at a constant temperature Buckley1992.Adsorption isotherms are basic requirements for the 

design of adsorption systems. In order to understanding the adsorption isotherm of MA on 

bentonite PUF adsorbent the experimental data were applied to the Langmuir, Freundlich, 

Tempkin  and Dubinin–Radushkevich equations. The constant parameters of the isotherm 

equations for adsorption process were calculated by regression using linear form of the 

isotherm equations (R
2
). The constant parameters and correlation illustrated in Table. 4. 

3.10  Error analysis 

   The use R
2  

is limited to describe the fitting to  linear  behavior ,and doesn’t describe the 

nonlinear behavior . In this study used chi-square test (χ
2
) obtained by judging the sum 

squares differences between the experimental and the calculated data, with each squared 

difference is divided by its corresponding value (calculated from the models). Small χ
2
 value 

indicates its similarities while a larger number represents the variation of the 

experimental data Boulinguiez ,et al. 2008.The value of (χ
2
)  for different isotherms listed in 

Table .5. It's clear from Fig.16 and Table 5 that the Freundlich isotherm was the fit to the 

experimental behavior, describing the non-ideal and reversible adsorption, not restricted to the 

formation of monolayer. This empirical model can be applied to multilayer adsorption, with 

non-uniform distribution of adsorption heat and affinities over the heterogeneous surface. A 

favorable adsorption is when Freundlich constant (n) is between 1 and 10. When n is higher 

than that range it implies stronger interaction between the adsorbent and the adsorbate. From 

Table. 5, it can be seen that the (n) value was between 1 and 10 showing favorable adsorption 

of MA. The constant kad in Dubinin –Radushkevich model  gives an idea about the mean 

adsorption  energy, E, which is defined as the free energy transfer of 1 mole of solute from 

infinity of the surface of the adsorbent  and can be calculated using the relationship : 

  
 

√    
       …………(3) 

The parameter gives information about the type of adsorption mechanism as chemical ion-

exchange or physical adsorption. If the magnitude of E is between 8 and 16 kJ /mole, the 

sorption process is supposed to proceed via chemisorption, while for values of E˂ 8 kJ /mole, 

the sorption process is of physical nature . The magnitude of  E in this study is 5 kJ/mole 

indicates the adsorption of MA in PUF-Bentonite adsorbent is physical adsorption via 

physical binding forces Kundu & Gupta 2006 ;Das et al. 2013 .  

Adsorption kinetic models were applied to the experimental data, in order to analyze the rate 

of adsorption and possible adsorption mechanism of MA on PUF-Bentonite composite. 

Adsorption process is normally controlled by three diffusion steps for adsorbate transport first 

from the bulk of water to the solid liquid film, the next step from the film to the surface of 
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adsorbent then from the surface to vacant site in the adsorbent then binding of MA molecules 

with active site. The kinetic models applied in this study are the Lagergren first 

order, pseudo-second order and Elovich’s equation listed in Table. 5. The results of kinetics 

plots showed in Fig.17, 18 and 19 for three models and results listed in Table. 5, its seems 

the pseudo second order model is nearly to describe adsorption of MA on PUF-Bentonite 

adsorbent. 

4. CONCLUSION 

PUF-Bentonite composite  prepared from mixing commercial bentonite with poly urea 

prepared in basic media in mixing ration of bentonite to polymer of 3 is efficient for removal 

of MA acid from water .pH is the significant parameter affecting the adsorption capacity  

gives maximum  capacity at pH 2 .Also the adsorbent concentration is a significant effect on 

adsorption capacity. Other parameters  temperature, adsorbent dose and contact time   studied 

at different values .Maximum adsorption capacity of 16 mg/g achieved at 47 ˚C and pH 1.5  

.Adsorption isotherms model applied and kinetics model and adsorption of MA fit to 

Freundlich model and pseudo second order  model . 
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Table 1.Physical, chemical and pharmacological properties of MA. 

Structure 

 

Formula C15H15NO2 

Usage  For the treatment of rheumatoid arthritis, osteoarthritis, 

dysmenorrhea, and mild to moderate pain, inflammation, and fever. 

500 mg three times in a day Molecular weight  241.285 g/mol 

Water solubility  20 mg/L (at 30 °C) 

Pka 4.2 

Elimination half-life 2 hour 

Excretion 52% by urine ,20% in faeces from the dose  

Metabolites in urine  hydroxymethyl mefenamic acid, 3-carboxymefenamic acid , 

 

Table 2. Chemical used in Experiment. 

Material  Manufacture  

Formaldehyde solution 37% Merck 

Urea powder (MW=60.06) Romil 

Hydrochloric acid 37% Scharlau 

sodium hydroxide pellets Analytical Rasayan 

Deionized water with conductivity less 

than 0.07µS/cm 

Al-Najebia gas station from EDI effluent  /Basra  

Pure Mefenamic acid SIGMA life science 

Acetylsalicylic acid ˃99% crystalline SIGMA life science 

Acetaminophen 98-101 %(USP 

XXIV),Powder 

SIGMA life science 

Diclofenac Sodium  SIGMA life science 

Indomethacin 99%(TLC) SIGMA life science 

Ibuprofen 98%(GC) SIGMA life science 
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Table 3. FTIR spectra for Bentonite, Poly urea formaldehyde and Bentonite polyuria 

formaldehyde composite. 

 

 

Functional groups (cm 
-1

 ) 

Resin Bentonite PUF B-PUF Composite 

O-H 3300-3600w 3200-3500s 3400-3500w 

CH2 ,CH3asym ------------- 2960-3000w 2960-3000w 

CH2 ,CH3sym ------------- 2800-2950s 2800-2950w 

C=O 1650w 1650-1660s --------------- 

N-H bending -------------- 1350-1540s ---------------- 

O-H bending 1176-1180 1000-1150 1000-1100 

Si-O 1083-1100 -------------- 1083-1100 

Isotherm model  Linear form Parameters   Reference  

Langmuir  

 

 

  
 
 

  
 

 

       
 

 

  

  : maximum monolayer 

coverage capacities (mg/g) 

b: Langmuir isotherm 

constant (L/mg) 

Foo & 

Hameed 

2010 

Freundlich                 
 

 
     

     : Freundlich isotherm 

constant (mg/g) (L/g) 

related to adsorption 

capacity 

n: adsorption intensity 

Dada ,et al. 

2012 

Tempkin      
   

  
       

   

  
     

AT : Tempkin isotherm 

equilibrium binding 

constant 

(L/g) 

bT : Tempkin isotherm 

constant 

Tempkin 

and  

Pyzhev,194

0  Dubinin–

Radushkevich 

 

ln qe  = ln qs – Kad ɛ
2
  

Qs : theoretical isotherm 

saturation capacity (mg/g) 

ɛ: Dubinin–Radushkevich 

isotherm constant =RT ln 

   
 

  
 

Dubinin 

and 

Radushkevi

ch, 1947 
Kinetics' models  Linear form  Parameters  Reference  

pseudo-first 

order  

  (     )              

 

 

 

q:capacity at time t mg/g 

qe : capacity at equilibrium 

mg/g  

k1 : pseudo-first-order 

model rate constant min
-1 

Álvarez, et 

al. 2015  

pseudo-second 

order  

 
 

 

       
 
 

  
 

 q:capacity at time t mg/g 

qe : capacity at equilibrium 

mg/g  

k2: pseudo-second order 

model rate constant g/mg 

min 

Álvarez, et 

al. 2015 

Table 4. Definition of adsorption isotherm models and kinetics models used in this study. 
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Table 5. Parameters results for application of adsorption isotherm models and kinetics models 

used in this study. 

 

 

 

 

Elovich’s 

equation 
  

 

 
  (  )  

 

 
    ( ) 

q:capacity at time t mg/g 

a: is the initial adsorption 

rate (mg/(g min)) 

  

 
: number of sites 

available for adsorption 

mg/g 

Fierro ,et al. 

2008  

Model Parameters value 

Langmuir 

q0 28.01mg/g 

b 12.3 L/mg 

R
2 0.9189 

χ
2 

 

7 

Freundlich 

Kf 29.17(mg/g)(L/g) 

n 2.5 

R
2
 0.97 

χ
2
 0.63 

Tempkin 

AT 63.8 L/g 

bT 360 

R
2
 0.8929 

χ
2
 3.87 

Dubinin–

Radushkevich 

Qs 29.9 mg/g 

Kad 2.00E-08 

R
2
 0.83 

χ
2
 6.28 

E 5 KJ/mole 

Pseudo-first  

order 

qe experimental 10.51 mg/g 

qe calculated 6.42 mg/g 

K1 0.0422min
-1 

R
2
 0.78 

 χ
2
 12.6 

Pseudo-second  

order 

qe experimental 10.51 mg/g 

qe calculated 12.2 mg/g 

K2 0.0069 g/mg. min
 

R
2
 0.9381 

 χ
2
 0.67 

Elovich’s equation 

a 0.6 mg/g.min 

1/b 1.3 mg/g 

R
2
 0.7129 

χ
2
 17.2 
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                                        Figure 1. UV spectra of MA. 

         

 

                                       Figure 2. Standard Calibration curve of MA. 
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Figure 3. XRD of  Bentonite. 

 

Figure 4. XRD for Bentonite poly urea formaldehyde composite. 
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Figure 5. FTIR spectra for ureaformaldehyde resin. 

              

 

 

 

 

 

 

 

 

Figure 6. FTIR spectra for bentonite. 

 
Figure 7. FTIR spectra for bentonite -PUF composite.  
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           a 

 

             b 

                   Figure 8. SEM image for (a) bentonite (b) bentonite-PUF composite. 
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Figure 9. Effect of bentonite mass on adsorption capacity pH=7,R.P.M =180,T=27˚C 

,adsorbent mass =0.05 g, contact time 240 min  and initial concentration 40µg/ml. 

 

 

Figure 10. Effect of contact time  on adsorption capacity     pH=7,R.P.M     =180,T=27˚C 

,adsorbent mass =0.05 g and initial concentration 40µg/ml. 

 

Figure 11. Effect of Temperature on adsorption capacity pH=7, R.P.M =180, contact    time = 

60 min, adsorbent mass =0.05 g and initial concentration 40µg/ml. 
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Figure 12. Effect of pH on adsorption capacity ,Temp.=47˚C, R.P.M =180, contact time = 60 

min, adsorbent mass =0.05 g and initial concentration 40µg/ml. 

 

 

 

 

Figure 13. Effect of initial concentration on adsorption capacity, Temp.=47˚C, R.P.M =180, 

contact time = 60 min, Adsorbent mass =0.05 g and pH = 2. 
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Figure 14. Effect of Adsorbent dose on adsorption capacity, Temp.=47˚C, R.P.M =180,  

contact time = 60 min, Adsorbate  initial concentration  =40µg/ml and pH = 7. 

 

 

Figure 15. Effect of sharing adsorbent surface on adsorption capacity, Temp.=47˚C, R.P.M 

=180, contact time = 60 min, Adsorbate  initial MA concentrations   =40 µg/ml  and adsorbent 

mass =0.05 g. 
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Figure 16. Experimental and isotherm models data for MA adsorption on PUF - Bentonite 

composite. 

 

Figure. 17. linear form of first order kinetics. 
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Figure. 18. linear form of second order kinetics. 

 

 

 

Figure. 19. linear form of Elovich’s equation. 
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ABSTRACT 

This work is concerned with designing two types of controllers, a PID and a Fuzzy PID, to be used 

for flying and stabilizing a quadcopter. The designed controllers have been tuned, tested, and 

compared using two performance indices which are the Integral Square Error (ISE) and the Integral 

Absolute Error (IAE), and also some response characteristics like the rise time, overshoot, settling 

time, and the steady state error. To try and test the controllers, a quadcopter mathematical model has 

been developed. The model concentrated on the rotational dynamics of the quadcopter, i.e. the roll, 

pitch, and yaw variables. The work has been simulated with “MATLAB”. To make testing the 

simulated model and the controllers more realistic, the testing signals have been applied by a user 

through a joystick interfaced to the computer. The results obtained indicated a general superiority in 

performance for the Fuzzy PID controller over the PID controller used in this work. This conclusion 

is based by the following figures:                 lesser ISA for the roll, pitch, and yaw 

consequently,                   lesser IAE for the roll, pitch, and yaw consequently, 

              lesser rise time and settling time for the roll and pitch consequently, and     

lesser settling time for the yaw. Moreover, the FPID gave zero overshoot versus    ,    , 

and     in the PID case for the roll, pitch, and yaw consequently. Both controllers gave zero steady 

state error with close rise times for the yaw. This superiority of the FPID controller is gained as the 

fuzzy part of it continuously and online adapts the parameters of the PID part. 

Key words: unmanned aerial vehicle quadcopters, quadcopter modeling, PID controller, fuzzy PID 

controller, performance indices. 

 

تقييم اداء مسيطر تناسبي تكاملي تفاضلي و مسيطر تناسبي تكاملي تفاضلي ضبابي مصممان للتحكم بنمىرج 

 للذيناميكا الذورانية لمروحية رباعية محاكى رقميا

 
 رشا شهاب محمذ

 لسى ُْذست انسٍطشِ ٔانُظى

تاندايعت انخكُٕنٕخٍ  

 
 الاستار المساعذ الذكتىر ليث جاسم سعىد

طشِ ٔانُظىلسى ُْذست انسٍ  

اندايعت انخكُٕنٕخً

 

 الخلاصة

انًسٍطش انخُاسبً ٔ بً انخكايهً انخفاضهً، ٔثآًٍَاْزا انبحث حصًٍى َٕعٍٍ يٍ انًسٍطشاث، أنًٓا انًسٍطش انخُاسٌخضًٍ  

خخباسْا ٔ امذ حى حُغٍى انًسٍطشاث انًصًًت ٔ، يسخخذياٌ نخحمٍك طٍشاٌ يسخمش نًشٔحٍت سباعٍت. نانضبابً انخكايهً انخفاضهً

ثآًٍَا حكايم يشبع انخطأ، ئضافت انى اسخخذاو بعض خصائص اداء احذًْا حكايم يطهك انخطأ ٔ يماسَت اداؤْا باسخخذاو يعٍاسي

اخخباس انًسٍطشاث، حى بهٕسة ٔ تبلًٍت انخطأ عُذ الاسخمشاس. نخدشٔ صيٍ الاسخمشاسيثم صيٍ انصعٕد ٔ حدأص انحذ ٔ الاسخدابت
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سلًٍا  لذ حى يحاكاة انًُظٕيت نذٌُايٍكا انذٔساٍَت نهًشٔحٍت. ٔحٍت انشباعٍت ٔ انزي ٌشكض ححذٌذا عهى إًَرج سٌاضً نهًشٔ

انًسٍطشاث انًصًًت اكثش ٔالعٍت فمذ حى ادخال انًُٕرج انًحاكى ٔعًهٍت اخخباس ندعم . ٔ(MATLAB)  باسخخذاو انكٍاٌ انبشيدً

مذ عكسج انُخائح انًسخحصهت يٍ انًحاكاة حفٕق ٔاضح فً الاداء نهًسٍطش نعبش عصا ححكى حشبظ يع انحاسٕب.  اشاساث انخحكى

ئٌ ْزا الاسخُخاج يبًُ عهى انًعطٍاث انخانٍت:  .انخُاسبً انخكايهً انخفاضهً انضبابً عهى انًسٍطش انخُاسبً انخكايهً انخفاضهً

حكايم يطهك انخطأ الاَعشاج عهى انخٕانً، ٔخطشاٌ ٔان% نكم يٍ صٔاٌا انعطٕف 9ٔ>%، 7< %،7<حكايم يشبع انخطأ ألم بُسبت 

صيًُ صعٕد ٔ اسخمشاس ألم % نكم يٍ صٔاٌا انعطٕف ٔانخطشاٌ ٔالاَعشاج عهى انخٕانً، ٔ;.=>%، >.7<%، >.7<ألم بُسبت 

% نضأٌت  الاَعشاج. <<م بُسبت انخطشاٌ عهى انخٕانً، ٔصيٍ اسخمشاس أل% نكم يٍ صٔاٌا انعطٕف ٔ=.7?% ٔ :>بُسبت 

% يع >9ٔ  %،?8%، ?8صفشا يمابم كاَج انضبابً  انخُاسبً انخكايهً انخفاضهًفت نٓزا فاٌ َسبت انطفشة يع انًسٍطش ئضأ

الاَعشاج عهى انخٕانً. أيا بانُسبت نخطأ حانت الاسخمشاس ٔنكم يٍ صٔاٌا انعطٕف ٔانخطشاٌ ٔ انخُاسبً انخكايهً انخفاضهًانًسٍطش 

بت. ئٌ أيا بانُسبت نضيٍ انصعٕد نضأٌت الاَعشاج فاٌ انًسٍطشٌٍ أعطٍا َخائح يخماسٔ انحالاث. نكمنكلا انًسٍطشٌٍ ٔ صفشا   جفكاَ

يخأحٍت يٍ  انخُاسبً انخكايهً انخفاضهًانضبابً عهى انًسٍطش  انخُاسبً انخكايهً انخفاضهًبذاْا انًسٍطش ا الافضهٍت فً الاداء انخً
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1. INTRODUCTION  

In control, modeling represents a very important issue as it can serve the process of system testing, 

analysis, as well as the design process. It reduces effort, cost, problems, and provides the possibility 

of getting fair solutions in considerably shorter times. Mathematical modeling of systems provides 

the possibility of numerical simulation with computers with its well-known capability and software 

versatility which eases and speeds up the test, analysis, and design of well controlled systems that 

obey the targeted performance objectives. That is why a lot of efforts have been done through 

simulation work. Some of the researches focused on modeling the quadcopter Benic, et al., 2016. 

Some concentrated on developing and evaluating different controllers Anjum, et al., 2016, Ribas 

and Engel, 2014. Abbasi, and Mahjoob, 2013. Bouadi, et al., 2007. and Harrag, et al., 2012. And 

some dealt with the two issues, i.e. the model and the controllers, Mahdi, 2006. Bouabdallah, 

2007. Brito, 2009. and Basta, 2012. In addition, practical implementation issues got part of the 

research interest, Hystad, 2015. as well as the trajectory tracking problems, Luis, 2016. 

     In this work, a mathematical model will be derived specifically for the quadcopter rotational 

dynamics. The derivation will be carried out using Newton Euler equations. The quadcopter model 

will be then, through simulation and software, used in the process of testing the quadcopter action 

and designing and trying different controllers that can help in achieving the goal of flying the 

quadcopter accurately and stably. For the control part, two controllers are used, the Proportional+ 

Integral+Derivative (PID) controller, and the fuzzy PID controller. The controllers are to be 

designed to achieve the goal of flying the quadcopter accurately and stably.  

     For evaluating the controllers’ performance and to compare among them, four response 

characteristics will be used which are the rise time, the overshoot, the settling time, and the steady 

state error. That is besides two performance indices which are the ISE and the IAE. 
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2. THE QUADCOPTER MODEL 

Before derivation, some important relevant terms and concepts will be defined or clarified. 

 

2.1 Definitions 

i-The coordinates system: There are two coordinate systems; Earth frame and Body frame, Mahdi, 

2006. These two frames are shown in Fig.1 

ii- Kinematics description model: In this description, any point in the body frame can be defined 

with the following relation:  
 

          
 

where;   represents the displacement vector in the Earth frame,   represents the rotation matrix, and 

  represents the displacement vector in the body frame. The velocity equation is found through 

derivation of the displacement equation. 

iii - Dynamics description model: the dynamics of a quadcopter can be derived by Lagrange Euler 

equations and Newton Euler equations. The dynamics of the quadcopter take into consideration the 

mass and the moments of inertia about the axes. 

 

2.2 Notes about modeling the quadcopter     

The motion of the quadrotor can be divided into two subsystems; rotational subsystem (roll, pitch 

and yaw) and translational subsystem (z, x, and y positions), and as shown in Fig.2, It is worth it to 

mention that the rotational subsystem is fully actuated while the translational subsystem is under-

actuated Nagaty, et al., 2013. 

    The aim here will be the model derivation of the rotational subsystem of the quadcopter 

dynamics, that is, developing the equations of the roll ( ), pitch ( ), and yaw ( ) for the 

quadcopter. In the derivation, the quadcopter body and earth fixed frames considered in the 

derivation are shown in Fig.1. In this figure, B represents the body fixed frame, and E represents the 

earth fixed frame. The quadcopter orientation in space is given by a rotation from B to E, and as 

clarified in Fig.1. 

 

2.3 Modeling with Newton-Euler equation  

 The mathematical model for the quadcopter dynamics and motion could be developed either using 

either Euler Lagrange equations or Newton-Euler equations. The results obtained in both cases will 

be the same, but the procedure with the Newton-Euler equations is shorter, and that is why it will be 

used in this section.  

    In order to derive a model for the quadcopter motion, the various moments and forces on the 

quadcopter must be taken into consideration. Both forces and moments on the quadcopter can be 

derived using Newton-Euler equations and as given in Eq. (1).  
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where;   represents the mass of the quadcopter,  ̇ represents the linear acceleration vector,  ̇ 

represents the angular acceleration vector,   represents the force vector acting on the quadcopter,   

represents the torque vector acting on  the quadcopter, all with the respect to the body frame, 

and      represents the moments of inertia matrix and is given as: 

 

  [

     
     

     

]                                                                                                                           (2)        

The equations for the quadcopter motion can be developed using Eq. (1), with the individual 

moments and forces described for all degrees of freedom Schmidt, 2011.  

From Eq. (1), the equivalent moments' equation is given by: 
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where      0,     =0 and     =0, the moments for the roll, pitch, and yaw are obtained:     
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the moments acting round x, y, and z axis are given by: 
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where;   represents the thrust factor of the quadcopter,   represents the drag factor of the 

quadcopter,   represents the distance from the center of gravity to the center of a motor, and 

(   
    

    
        

   represents the squared angular velocities of the propellers. The given 

moment equations are for “X” configuration adopted in this work. Some researches, like 

Gopalakrishnan, 2016, adopts the “+” configuration.  

 The configuration used for the quadcopter is the (X) configuration and as depicted in Fig.3. 

 Considering this configuration, the speed equations are given by the following equations: 

 

   
                –                                                                                                                      (9) 

   
                –                                                                                                                    (10) 

   
                     –                                                                                                               (11) 
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           –                                                                                                                         (12) 

 

where;               represents the control signals for each of the  roll, pitch, and yaw motion. 

These equations  take the correction command for the roll, pitch, yaw and throttle and combine them 

in a way to allow all corrections be sent to the motors. An important point to state here is that the 

signals of all parts in all of the equations depend on each axis reference as well as where each motor 

is located Ribas, and Engel, 2014. 
     The gyroscopic effect resulting from the propellers rotation for roll is defined as: 

The gyroscopic effect for roll                                 

and, the gyroscopic effect resulting from the propellers rotation for pitch is defined as:  

The gyroscopic effect for pitch                          

where;       represents the body axis angular rate, and    represents the rotor inertia of the 

quadcopter. And considering that: 
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The following equation can be obtained: 
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Then, the dynamics of the subsystem can be written as follows: 
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Although this work is based on the dynamics given by Eqs. (15) to (17), it is important to state that 

many researchers, like Kotarski, et al. 2016. and Bresciani, 2008. simplify the dynamics by 

keeping the terms with the moments and ignoring the others. Such simplifications are based on 

justifications which in turn are based on assumed conditions.  For example, ignoring coupling terms 

is justified by assuming the motion of the quadrotor to be close to the hovering condition, which 

means small angular changes occur (especially for roll and pitch). And so, these terms can be 

simplified because they are smaller than the main ones. In reality, to work close to the hovering 

condition can help a lot in analysis and design. One other simplification example based on the 
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“close to hovering” condition, is that the angular accelerations which are referred to the angles of 

the quadrotor measured in its fixed frame, can be referred directly to the Euler angle accelerations 

that are referenced to the earth frame. 

 

 

3. THE QUADCOPTER MODEL WITH THE CONTROLLERS 

To test the quadcopter rotational dynamics and control its rotational variables          , the 

closed loop control system shown in Fig.4 has been suggested.  

Before going into the controllers details, some important points will be clarified about the system: 

 The system outputs or controlled variables are          .   

 There are three input signals to the system which are             . These signals represent the 

desired values for the outputs 

 The throttle signal is intended to play the role of the control signal responsible for altitude 

control. And as the simulation is intended for the quadcopter rotational dynamics, the throttle 

value is kept constant throughout the simulation.   

 During testing the quadcopter model and the controllers used, the input signals (              
will be input to the computer by a user through a joystick connected to the computer. This 

arrangement is used to resemble the actual case when a person is controlling a real quadcopter 

through a joystick.   

 The (X) configuration will be used for the quadcopter and as depicted in Fig.3. 

 

3.1 The PID and the Fuzzy PID Controllers 

In this part, two controllers will be suggested for controlling the quadcopter. A justification for this 

suggestion will be given, and an analysis for its performance will be covered, and also their 

feasibility will be discussed.     

    The PID control is one of the early used control methods. Its first version was an analog 

pneumatic one, and its latest version is the digital PID that is implemented as software. The PID 

with the proportional, derivative, and integral manipulation of the error signal, represents a mixture 

that aims at fast response with minimum overshoot and minimum if not null steady state error 

Ribas, and Engel, 2014.The reason for the wide and surviving use of PID is because it offered an 

easy structure that was simple to understand and operate with, and the more important is that it does 

well with a lot of systems Basta, 2012. Not for just this reason the PID has been adopted in this 

research for quadcopter fly control, but for many other reasons, like: 

 It is still an efficient controller that can meet, when tuned, the design objectives (not for just the 

quadcopter, but for a lot of other systems).  

 It has some sort of robustness.  

 It can be tuned manually or with many procedural methods. 

 It is easy to implement by software in real time applications. 

 Its execution time is small which makes it suitable for real time applications with strict timing 

conditions.  

 The huge number of researches and researchers, it is considered as a reference to compare the 

performance of other controllers with it.  

    To do well, the PID controller must be tuned. Different methods exist for tuning like the manual, 

Tyreus-Luyben, close loop Ziegler-Nichols, open loop Ziegler-Nichols, damped oscillation, Cohen-
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Coon, and C-H-R Shahrokhi, and Zomorrodi, 2010. Besides these methods, there are newer ways 

that depend non classical optimization methods, and the GA algorithm is just one of many 

examples.       

    The approach of the tuning methods mentioned above is to tune the controller parameters and 

then use them in the real time work of the system. A different magnificent way of tuning is 

introduced with the fuzzy PID controller. With this controller, the fuzzy logic part continuously 

tunes and adjusts the PID parameters while the controlled system is in its actual long run real time 

work. In other words, the Fuzzy part adapts the PID parameters moment by moment at each 

sampling instant. Although some concentrates when talking about tuning methods on the capability 

of minimizing cost and training time, like Dicesare, et al.,2009. who suggests the use of Ziegler-

Nichols method or the manual method, in the opinion of researchers in this paper, it is more 

important to get a method with adaptive online tuning that provides the controller with capability of 

self-adapting to go on with the nonlinear nature of the quadcopter dynamics and other external 

effects, for example. The Fuzzy logic is nonlinear and can adapt tuning to suffice the quadcopter 

control needs, as will be seen. 

    A lot could be found in the literature about the PID controller and the fuzzy logic Seidabad, et 

al., 2014. Abbasi, and Mahjoob, 2013. Tanaka, 1996. Ross, 2010. and Harris, 2000. and so, the 

focus here will be on issues relating to use them.  

 

3.2 The Quadcopter System with the PID Controller 

The overall control system for the quad copter with the PID controllers for the three basic 

quadcopter motions, roll, pitch, and yaw is shown in Fig.5 Three controllers’ outputs are used to 

control these variables;              respectively.   These three control signals together with the 

“throttle” signal will be used to calculate the actual signals needed to control the quadcopter four 

motors, and as given by Eqs. (9) to (12).  

 

3.2.1 The roll controller 

The PID control equation for the roll of the quadcopter is defined by: 

 

                       ∫     
 

 
             

     

  
                                                            (18) 

 

The error equation is given by: 

 

                                                                                                                                                          (19) 

 

where;                    are three roll PID controller parameters,    represent the roll desired 

value, and    represent the roll actual value. 

 

3.2.2 The pitch controller 

 The PID control equation for pitch of the quadcopter is defined by: 

 

                       ∫     
 

 
             

     

  
                                                              (20) 
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The error equation is given by: 

 

                                                                                                                                                           (21)    

        

where;            and      are the three pitch PID controller parameters,    represents the pitch 

desired value, and   represents the pitch actual value. 

 

3.2.3 The yaw controller 

The PID control equation for yaw of the quadcopter is defined by: 

 

                       ∫     
 

 
             

     

  
                                                          (22)  

  

The error equation is given by: 

 

                                                                                                                                          (23) 

 

where;                   are the three yaw PID controller parameters,    represent the yaw 

desired value, and    represent the yaw actual value. 

 

3.2.4 PID manual tuning procedure 

In this method, which is much like Ziegler-Nichols method, the tuning takes place while the system 

is running. Initially,           values are set to zero, and    value is changed until the output of the 

loop oscillates. The value of    should be set to half of the value that caused the oscillation. Then 

   value is to be changed to minimize settling time without causing instability. Finally, the     value 

is to be changed until the overshoot is as small as possible without damping the system. The 

advantage of this method lies in that the PID parameters can be changed online; and no calculations 

are needed. The main disadvantage is that it is not as precise as other methods Dicesare, et al., 

2009. 

 

3.3 The Quadcopter System with the Fuzzy PID Controller 

The overall control system for the quad copter with the Fuzzy PID controllers for the three basic 

quadcopter motions, roll, pitch, and yaw is shown in Fig.6. The FPID controller contains two parts, 

the fuzzy logic tuner, and the PID controller. The fuzzy part is used to tune the PID controllers’ 

parameters. Each fuzzy tuner system contains two inputs; error and error derivative, and three 

outputs;             . The triangular membership function has been used for each of the inputs and 

the outputs and for all of the controllers. The inputs, the error and the error derivative, are defined 

by five membership functions: NB (negative big), NS (negative small), Z (zero), PS (positive 

small), and PB (positive big). On the other hand, each of the outputs is defined by three membership 

function: S (small), M (medium), and B (big). The range of the fuzzy set for the error input has been 

chosen as [-2, 2], and for the error derivative as [-4, 4]. Fig.7 shows the membership functions for 

the inputs.           
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The range for the outputs fuzzy set has been chosen as follows:  

 [1, 75] for     and is the same for roll, pitch, and yaw, and as indicated in Fig.8. 

 [0, 0.02] for     and is the same for roll, pitch, and yaw, and as indicated in Fig.9. 

 [2, 18] for     and is the same for roll, and pitch, and as indicated in figure Fig.10.   

 [36, 72] for    for yaw case and as is indicated in Fig.11. 

 

    After defining the inputs and the output for each fuzzy tuner, the next step is to set the rules base. 

In this case, 25 rules are needed. This is because there are two inputs each of which contains five 

membership functions. The number of rules equal five multiplied by five. Tables 1 and 2 show the 

rules for   ,   , and    for each controller. 

    The outputs of each fuzzy tuner system provide gains values for the PID controllers used to 

control the roll, pitch, and yaw of the quadcopter. After using the fuzzy tuner to calculate the 

optimal gains, these gains are used by the PID controllers to find the          control signals via 

the three closed control loop as shown in Fig.6 These three control signals, together with the 

“throttle” signal, will be used to calculate the actual signals needed to control the quadcopter four 

motors, and as given by Eqs. (9) to (12). 

 

4. THE SIMULATION RESULTS 

The quadcopter model and the controllers developed in sections 2 and 3 will be simulated and 

results will obtained using “MATLAB” software.  The outputs or the controlled variables will be the 

roll, pitch, and yaw. The desired values for these variables will be entered to the “MATLAB” 

environment through a joystick interfaced to the computer running the “MATLAB” to resemble of 

actual quadcopter control, Fig.12 shows the joystick and the computer used.   
   The quadcopter parameters used in the simulation are given in Table 3. These parameters are 

based on a quadcopter designed and built by the researchers of this work. 

To get close to a realistic situation, the quadcopter model parameters used in the simulation are 

those of an actual quadcopter being designed and implemented by the researchers of this work.  

 

4.1 The Result Obtained with the PID Controller 

In this case, each parameter of the PID controller has been tuned to get a stable system and 

improved performance. Tables 4 and 5 show the parameters values for each of the PID controllers, 

and Figs. 13 to 15 show the response for each PID controller. 

  

4.2 The Fuzzy PID Controller 

In this part, the fuzzy logic system has been used to tune the PID controller’s parameters in such a 

way to get a stable response with good characteristics. Figs. 16 to 19 show the parameters for each 

PID controller during the tuning/response time. Figs. 20 to 22 show the quadcopter responses for the 

roll, pitch, and yaw signals.  

 

5. PERFORMANCE EVALUATION 

Two performance indices have been used to judge the performance of the two controllers used. The 

two indices are the Integral Square Error (ISE) and the Integral Absolute Error (IAE). The time over 



Journal of Engineering Volume   23  July  2017 Number 7 
 

 

83 

 

which each of these two indices has been measured is (20 seconds) for the roll and pitch cases, and 

(40 seconds) for the yaw case. Table 6 shows the values for the ISE and the IAE for each controller, 

with attention to that the results obtained for the PID controller regards the PID after being manually 

tuned.  

    Moreover, the system performance has been evaluated using four response characteristics which 

are the rise time, the overshoot, the steady state error, and the settling time. The results obtained are 

summarized in Table 7. It must be pointed out here that the results obtained for the PID controller 

regards the PID after being manually tuned. The results given in Tables 6 and 7 indicates a clear 

superiority of the FPID.   

 

6. RESULTS DISCUSSION 

The results obtained for controlling the rotational dynamics variables, the pitch, the roll, and the 

yaw, with the PID controller have been compared to those obtained with the FPID controller to 

judge the performance of each controller. Doing the comparison required calculating some 

performance indices and response characteristics and as given in Tables 6 and 7. The comparison 

indicates that the FPID is more capable than the PID in reducing the ISA and the IAE. And this is 

true whether for the roll or the pitch or the yaw. Also, the FPID showed the capability of reducing 

rise and settling times and at the same time reducing the overshoot in the response. This was the 

case for the pitch and the roll. For the yaw case, the FPID managed to reduce the settling time and 

the overshoot, but with no improvement regarding the rise time.  Considering the steady state error, 

both of the controllers managed to eliminate it.  

The percentage of improvement in the responses, with the FPID controller, for the different 

evaluation cases considered ranged (approximately) between              
The main feature of the FPID which gave it this efficiency is its capability in adapting the PID 

parameters from sample to sample, and so, giving it the capability to cope with changes in the 

system working conditions keeping in mind that it is a nonlinear one. It is important to point out 

here that the fuzzy part of the FPID, could itself be tuned to be capable of achieving better tuning of 

the PID part.  

 

7. CONCLUSIONS 

In this work adopted the software simulation approach and aimed at testing, evaluating, and 

comparing two controllers, namely the PID and the FPID, when used to control the pitch, roll, and 

yaw of a quadcopter. Two performance indices, the Integral Square Error (ISE) and the Integral 

Absolute Error (IAE), and four response characteristics, the rise time, the overshoot, the settling 

time, and the steady state error, have been used for evaluation and compare. The obtained results 

indicated a superiority in performance for the FPID over the PID, and this is because the FPID 

involves continuous adjusting of the PID parameters over the entire response time to cope with the 

changing situation in a way to achieve best possible response. This conclusion about performance 

superiority is based by the following figures that are calculated using the results obtained: 

                lesser ISA for the roll, pitch, and yaw consequently,                   

lesser IAE for the roll, pitch, and yaw consequently,               lesser rise time and settling 

time for the roll and pitch consequently, and     lesser settling time for the yaw. In addition, the 

FPID gave zero overshoot versus                 in the PID case for the roll, pitch, and yaw 
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consequently. Apart from this, both controllers gave zero steady state error with close rise times for 

the yaw.  

     The FPID fits quite great for simulation cases. For control of quadcopter in real time, the 

processing unit must be capable and fast enough to compute the control signals using the FPID 

controller. And this is because the computations needed for the FPID controller is much greater than 

that for the PID.  

    One more important thing to point out is that the fuzzy part itself could be tuned with the aim of a 

compromise between an improved efficiency and a reduced computation time. 
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Table 1. The rules for           for each of the three PID controllers. 
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Table 2.The rules for    for each of the three PID controllers. 
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Table 3. The parameters of the quadcopter. 

 

Parameter Description Value Units 

m mass         

L 
Distance from the center of 

gravity to the center of a motor 
       

    Roll inertia moment                   
    Pitch inertia moment                   
    Yaw inertia moment                 
   Rotor inertia                 
  Thrust factor           - 
  Drag factor          - 

 

Table 4. The tuned simulation parameters of the PID controllers for roll and pitch cases. 

Parameter Value 

     
        
       

 

Table 5. The tuned simulation parameters of the PID controller for the yaw case. 

 

Parameter Value 

      
        
      

 

Table 6. The ISE and IAE values for the responses with the PID and the FPID controllers. 

 

Controller ISE IAE 

Roll PID               

Pitch PID               

Yaw PID             

Roll fuzzy PID               

Pitch fuzzy PID               

Yaw fuzzy PID             
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Table 7. The response characteristics values with the PID and the FPID controllers. 

 

Roll and 

Pitch cases 

PID 

controller 

FPID 

controller 
Yaw case 

PID 

controller 

FPID 

controller 

Rise time 

(sec) 
        

Rise time 

(sec) 
        

Overshoot 

(%) 
       

Overshoot 

(%) 
       

Steady state 

error 
    

Steady state 

error 
    

Settling time 

(sec) 
         

Settling time 

(sec) 
        

 

 

 
Figure 1. Body and earth fixed frame. 
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Figure 2. The quadcopter dynamics subsystems being given within a general block diagram for a 

quadcopter control system. 

        

 

 
 

                Figure 3. Quadcopter (X) configuration. 

 

 

 
Figure 4. A picture giving an overall depiction of the closed loop quadcopter control system. 
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Figure 5. The quadcopter system with three PID controllers. 

        

 
Figure 6. The quadcopter system with three fuzzy PID controllers. 

 

 

 
Figure 7. The membership functions for the inputs.  
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Figure 8. The memberships for the parameter    for roll, pitch, and yaw cases. 

 

 

 
Figure 9. The memberships for the parameter    for roll, pitch, and yaw cases. 

 

 

 
Figure 10. The memberships for the parameter    for roll, and pitch. 

 

 

 
Figure 11. The memberships for the parameter    for yaw case. 

 

 

 

 
Figure 12. The joystick interfaced to the computer for inputting the desired roll, pitch, and yaw 

values. 
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Figure 13. The roll signal Response. 

 

 
Figure 14. The pitch signal Response. 

 

 
Figure 15. The yaw signal Response. 
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Figure 16. The    and   values for the roll and the pitch signals for the fuzzy PID controller case. 

 

 
Figure 17. The    value for the roll and the pitch signals for the fuzzy PID controller case. 

 
Figure 18. The    and    values for the yaw signal for the fuzzy PID controller case. 

 

 
Figure 19. The    value for the yaw signal for the fuzzy PID controller case. 
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Figure 20. The roll response for the Fuzzy PID controller case. 

 

 
Figure 21. The pitch response for the Fuzzy PID controller case. 

 

 
Figure 22. The yaw response for the Fuzzy PID controller case. 
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ABSTRACT  

     The simulation of groundwater movement has been carried out by using MODFLOW model 

in order to show the impact of change of water surface elevation of the Tigris river on layers of 

the aquifer system for Nuclear Research Center at Al-Tuwaitha area, in addition to evaluate the 

ability of the proposed pumping well to collect groundwater and change the direction of flow at 

steady-state. The results of the study indicated that there is a good match between the values of 

groundwater levels that calculated in the model and measured in the field, where mean error  is 

0.09 m. 

     The study also showed that the increasing of water surface elevation of the Tigris river led to 

increase in the hydraulic head of observed wells, while the use proposed pumping well reduced 

the hydraulic head and intercepted the movement of groundwater flow. The flow direction is 

toward the Tigris river, and the velocity of flow is clear in the third layer identified medium sand 

which is 0.0015 m/day. The using of the proposed pumping well has changed the direction of 

groundwater, especially in the area around the well. 

Key words: groundwater, MODFLOW, Al-Tuwaitha, and Tigris River. 

 

 ثغذاد, انعراق يذَُخ يحبكبح حركخ انًُبِ انغىفُخ نًركس انجحىس انُىوٌ فٍ يُطقخ انزىَضخ, 

 
 رشا علي سعود                                    كريناحوذ حازم عبذال                             اياد صليبي هصطفى           

 يبعسزُر خطبنج                          اسزبر يسبعذ                                                        اسزبر يسبعذ               

 كهُخ انهُذسخ -عبيعخ الاَجبر                    كهُخ انهُذسخ   -عبيعخ الاَجبر                             كهُخ انهُذسخ   -عبيعخ الاَجبر    

 

 الخلاصة 

نجُبٌ  رأصُر رغُُر يُسىة انًبء انسطحٍ نُهر دعهخ عهً  MODFLOWثبسزخذاو ًَىرط رى يحبكبح حركخ انًُبِ انغىفُخ 

نزغًُع انًبء انغىفٍ ورغُر انطجقخ انغىفُخ  نًركس انجحىس انُىوٌ فٍ يُطقخ انزىَضخ اضبفخ  انً رقُى قذرح ثئر انضخ انًقزرػ 

ُى يُبسُت انًبء انغىفٍ انًحسىثخ ثبنحبنخ انًسزقرح يع انسيٍ. أشبرد َزبئظ انذراسخ انً وعىد رىافق عُذ ثٍُ ق ارغبِ انغرَبٌ 

 و . 0.09فٍ انًىدَم وانقُى انًقبسخ, حُش يعذل انخطأ كبٌ 

كًب ثُُذ انذراسخ اٌ زَبدح يُسىة انًبء انسطحٍ نُهر دعهخ ادي انً زَبدح انًُسىة انهُذرونُكٍ لإثبر انًراقجخ , ثًُُب 

 واعزراض حركخ انغرَبٌ .اسزخذاو ثئر انضخ ادي انً رقهُم انًُسىة انهُذرونُكٍ 

و/َىو . اسزخذاو ثئر  0.005كبٌ ثبرغبِ َهر دعهخ , وانسرعخ ركىٌ واضحخ ثبنطجقخ انضبنضخ انًًُسح )ريهُخ يزىسظ(  زذفقارغبِ ان

 انضخ غُر ارغبِ انزذفق وخبصخ ثبنًُطقخ حىل انجئر .

 

 

 

mailto:ayad_eng2001@yahoo.com
mailto:ahm1973ed@yahoo.com
mailto:rasha.aliraqi90@gmail.com
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1. INTRODUCTION 

     Groundwater is predominantly a new able resource which ensures the supply for a long term 

to meet the increasing requests and mitigate the impacts of anticipated climate change, and it is 

closely interrelated with other components of the environment, Guzha, 2008. The movement of 

groundwater may be overlapping with each other, or the direction of flow may be in the river or 

the sea. Therefor the effective management of water sources requires a comprehensive 

knowledge of hydrologic processes. 

     The model of groundwater flow is a clear representation for a groundwater system (a real 

phenomenon) and simplified it with maintaining the required accuracy and ensuring high 

reliability of the results. The models incorporated restrictive assumptions, such as spatial 

variability, dimensionality, and interaction of various components of flow and transport 

processes. 

     The modeling of groundwater flow applied by several researchers in Iraq for different 

purposes, for example : Al-Ajaaj, 2007, studied the impact of the environmental of Badush dam 

on groundwater flow by using Visual MODFLOW. The results showed that the dam has a 

negative impact on the foundation of the nearby building after 20 years after construction. Attea, 

et al, 2007, used Processing MODFLOW software to describe the behavior of groundwater flow 

at sandy Dibdiba formation in Safwan region. The results showed enhancing in the water 

elevation for wells and using artificial recharge for rehabilitation of formation for an aquifer. Al-

Maimuri, and Mohammed, 2009, developed the mathematical model for groundwater motion 

by applying the theory of superposition. The superposition gave a good concordance between the 

time and distance drown down the curves of theoretical and numerical solution in heterogeneous 

hydrogeologic media. Al-Dabbas, et al, 2016, explained the impact of the climatic change on 

the groundwater. They found that the climatic change led to decrease the water table in the 

unconfined aquifer in Salah Din. 

     In this research, the modeling of groundwater flow is applied for Nuclear Research Center at 

Al-Tuwaitha area to determine the distribution of the hydraulic head and to evaluate the impact 

of the proposed pumping well on groundwater levels. Processing MODFLOW software version 

5.3.1 is used to simulate groundwater flow, MODFLOW model is used to calculate and 

distribute  the hydraulic heads, and PMPATH model is used to show the flow direction of the 

aquifer in Al-Tuwaitha. 

 

 2. MATERIALS AND METHODS 

2.1 Site Description  

     The Nuclear Research Center is located in Al-Tuwaitha site about 18 kilometers (km) south 

of the southern edge of Baghdad Governorate, between (44°27'-44°35') Longitude and (33°10'-

33°15) Latitude. It is characterized by a flat floor surface, surrounded by earthen dikes and  

ranging from 30-32m above mean sea level and the topography factor has no significant impact 

on water level and groundwater movement, Copland, and Cochran, 2013.The Tigris river 

passes near it about 1km from it, Fig. 1. The typical lithology of the site is a loamy clay from 0 to 

16 m bls (below land surface), silt fine sand from 16 to 30 m bls, and medium sand from 30 to 50 

m bls, Al-Daffaie, 2014. It has a hot, dry climate, vassal to  Baghdad climate that's considered 

one of the hottest cities in the world. The warmest month is July with an average high of 44  °C 

and an average low of 25.5°C, while  the coolest month is January with an average high of 16°C 

and an average low of 3.8°C. 

 

 



Journal of Engineering Volume   23  July  2017 Number 7 
 

 

96 
 

 

2.2 Data Collection  

     Water level data for six observation wells located at Al-Twaitha area is used for ground water 

modeling, as in Table 1. The recharge is applied to top grid layer and the input parameter is 

assumed to be constant during the time stress period, and the principal source is the rainfall. The 

value of recharge rate was 2 x      m/day, Bashoo, et al, 2005. Aquifer properties for each layer 

were given as input to the model in Table 2. 

 

2.3 Groundwater Flow Equation  

     The process of groundwater flow is based on Darcy's law and the conservation of mass, 

which describes the three dimensional movement of groundwater flow of constant density 

through the porous media is, Rushton, 2004. 

  

    
 

  
(  

  

  
)  

 

  
(  

  

  
)  

 

  
(  

  

  
)    

  

  
                                                            (1) 

Where: 

 Kx, Ky & Kz are components of the hydraulic conductivity  [L   ], Ss is the specific storage 

[   ], W(x,y,z,t) is the rate of ground water discharge/recharge per unit area [L   ] general 

sink/source term that is intrinsically positive and defines the volume of inflow to the system per 

unit volume of aquifer per unit of time [   ], h is the ground water head [L], x, y, z are Cartesian 

coordinate directions [L] and t is time [T]. 

In this research the groundwater flow ran at steady-state, where the term    
  

  
  was equal to 

zero. 

 

2.4 Numerical Model  

     The finite-difference flow code existed within processing MODFLOW software, is used to 

perform this simulation. Processing MODFLOW for Windows (PMWIN) is designed with a 

professional graphical user-interface, the supported models and programs and several other 

useful modeling tools. The graphical user-interface allows to simulate and create models with 

ease. It handles models with up to 1,000 stress periods, 80 layers and 250,000 cells in each layer. 

The output of simulation included hydraulic heads, draw downs, subsidence, Darcy velocities, 

concentrations and mass terms, Chiang, and  Kinzelbach, 1998. 

    The finite-difference is used to solve the groundwater flow equation in MODFLOW model, 

where the model domain is divided into a number of equal-sized cells-usually by specifying the 

number of rows and columns. Hydraulic properties are assumed to be uniform within each cell, 

and an equation is developed for each cell, based on the surrounding cells. Steady-state and 

transient flow conditions can simulate in MODFLOW. PMPATH Code is an advective  transport 

model running to represent flow lines and paths lines of groundwater. It links with the 

groundwater models and outputs of the simulation from MODFLOW. It uses a semi-analytical 

particle tracking scheme, Lu, 1994, to calculate the groundwater paths and performs particle 

tracking with just a few clicks of the mouse. It gives different on screen graphical options 

involving head contours, and velocity vectors, Chiang, 2005. 
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2.5 Discretization of the Model 

     The model consists of 28 rows and 57 columns in each layer as in Fig. 2 with cell size 80 m x 

80 m. Based on the acquired information the model is divided into a three layered , top layer 

which has loam clay with a thickness of 16 m (approx.), the middle layer is 14 m thick silt fine 

sand and bottom layer is made up of predominantly medium  sand with a thickness of 20 m. 

MODFLOW is used to estimate the distribution of hydraulic heads in steady-state, and 

PMPATH  is used to calculate the ground water flow paths. 

     The boundaries of flow model were based on physical features and the hydraulic conditions, 

the cells that represent the Tigris river are defined as a constant head boundary and the 

neighbored cells for the Tigris river from the north-west are considered inactive cells, while 

other cells were defined as variable head boundaries, as in Fig. 2. The value of water surface 

elevation of the Tigris river is specified as a value of initial hydraulic head  with 27.6 m.a.s.l, 

Copland, and Cochran, 2013. 
 

 3. STEADY STATE MODEL CALIBRATION 

     The model is operated with the initial conditions and hydraulic conductivities, which is 

adjusted during the calibration of the model using manual calibration. The final calibration 

process gave a good match between the observed and calculated head. Table 3 and Fig. 3  show 

a fairly good match between the calculated and observed heads. The model calibration error can 

be expressed qualitatively by mean error (ME), mean absolute error (MAE),  root mean square 

error (RMSE), Anderson, and Woessner, 2002. 
     The ME error for observed head versus calculated head is 0.09 m, is very close to 0, and it is 

the best statistical value compared with MAE and RMSE which are 0.16 m and 0.24 m, 

respectively. Since it is impossible to obtain an exact match for calculated and observed heads 

therefore  the model can be accepted with an acceptable error ratio. 

 

4. THE RESULT AND DISCUSSION   

     The equipotential lines of groundwater flow in the first, second, and third layers are shown in 

Fig. 4. It has a high value in the eastern part of the aquifer of 27.82 m, while the smallest value 

of the area that neighboring the river is 27.61 m, which is the grade towards the river, therefore 

the groundwater will move toward the river. 

     It has been noticed when the groundwater flow is drawn by PMPATH model that 

groundwater  movement of groundwater is slow, especially in the first layer identity type of loam 

clay, Ou, 2006, but its highest in the third layer, where the velocity of groundwater flow in the 

first, second, and third layer were 9.77 x10
-6

, 3.6 x 10
-4

, and 0.0015 m/day, respectively. Fig.5 

(a,b,c) shows the behavior of groundwater flow direction in the aquifer system, where water 

flow towards the river because the less head at area neighbored the river. 

 

5. THE SCENARIOS OF GROUNDWATER FLOW  

     After the final calibration process, two scenarios are tested in order to check the influence of 

variation in water surface elevation of the Tigris river and pumping well proposed on the head of 

the aquifer system. 

     In the scenario1 is run with an average water surface elevation of the Tigris river of 28.7  

m.a.s.l, to predict  the impact of  the Tigris river on groundwater aquifer, and also on hydraulic 

head of observation wells. The results shown that the increase of water elevation of the Tigris 
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river creates to increase in the calculated head values of the groundwater levels as compared with 

the values of the observation wells, as Fig. 6. 

     While the model in the scenario 2 is run with an average of water surface elevation of the 

Tigris river of 28.7 m.a.s.l as in scenario 1 and used the proposed pumping well. The use of 

pumping well led to reduce the water level in the observed wells as compared with the value of 

the results in scenario 1, as Fig. 6. The direction of groundwater flow became toward the 

pumping well as shown in Fig.7 (a,b,c). So the movement of contaminant will follow the 

groundwater movement and it will be toward the pumping well and this is noted from the output 

of this scenario, which operated with proposed pumping well to limit the movement of water 

contaminant toward the Tigris river and thereby reducing the movement of contamination 

deposited to aquifer from the surface for Nuclear Research Center at Al-Tuwaitha area near the 

Tigris river. Fig. 8 shows the effect of pumping well on the equipotential lines. 

 

6. CONCLUSIONS AND RECOMMENDATION 

     The simulation of groundwater flow shows that there is a good result between the observed 

and calculated heads, where the value of mean error is 0.09 which is close to zero. Any increase 

in the water elevation of the Tigris river leads to increase the hydraulic heads aquifer, while the 

use of proposed pumping well leads to reduce the hydraulic heads, and also to capture the flow 

lines of groundwater. Groundwater flow movement is slowly toward the Tigris river which, 

influenced by soil type. This is more pronounced in the third layer due to its high permeability 

value, the velocity of groundwater is 0.0015 m/day in the third layer compared with the first and 

the second layer, the velocity are 0.00036 m/day and 0.00000977 m/day respectively. The 

recommendations may be taken into consideration for further, as using transient simulations to 

show the change of aquifer levels with time, also using more parameters and changing boundary 

conditions by making the water surface elevation of the Diyala River as a boundary condition. 
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Figure 1. Location of  Nuclear Research Center at Al-Tuwaitha site, Al-Daffaie, 2014. 
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Figure 2. Plane view of the model. 

 

 Figure 3. Calculated and observed heads (m) of  Nuclear Research Center at Al-

Tuwaitha site. 
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Figure 4. Simulated steady-state of the heads for the study area with 27.6 m as value of water 

surface elevation of  the Tigris river, (a):contours of hydraulic heads in the first layer, (b): 

contours of hydraulic heads in the second layer, (c): contours of hydraulic heads in the third 

layer.
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Figure 5a. Groundwater flow net direction in the first layer. 

 

 

 

 

 

 

 

 

 

 

Figure 5b. Groundwater flow net direction in the second layer. 
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Figure 5c. Groundwater flow net  direction in the third layer. 

 
 

Figure 6. Calculated and observed heads (m) of  Nuclear Research Center at Al-Tuwaitha site 

of scenario 1 and scenario 2. 
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Figure 7a. Groundwater flow net direction in the first layer. 

 

 

 

 

 

 

 

 

 

 

 

 Figure 7b. Groundwater flow net direction in the second layer.  
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Figure 7c. Groundwater flow net direction in the third layer. 
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Figure 8. Simulated steady-state of the heads for the study area, (a): contours of hydraulic heads 

in the first layer, (b): contours of hydraulic heads in the second layer, (c): contours of hydraulic 

heads in the third layer. 
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Table 1. Water elevation of observation wells, Copland, and Cochran, 2013. 

Observation 

Well 

Ground Surface 

Elevation (m) 

Water Table 

m.a.s.l. 

Observation 

Well 

Ground Surface 

Elevation (m) 

Water Table 

m.a.s.l 

W1 31.81 27.79 W4 31.56 27.61 

W2 31.57 27.86 W5 31.14 27.14 

W3 32.02 27.80 W6 31.88 27.67 

 

 

Table 2. The aquifer properties. 

No. 

Layer 

Soil Type Layer Type Hydraulic Conductivity m/s 

KH KV 

1 Loam /Clay Unconfined 2 x     2 x      

2 Silt /Fine sand Confined / Unconfined, 

Transmissivity varies  
7 x      7 x      

3 Medium sand Confined / Unconfined, 

Transmissivity varies  
3 x      3 x      

Source  Al-Daffaie, 2014 Ali, 2012 Osterbaan, 1986, 

and Heath, 1983. 

Todd, 2005 

 

 

Table 3. The values of calculated steady-state and observed heads (m) in Nuclear Research 

Center at   Al-Tuwaitha site. 

Well 

No. 

Observed Head 

m.a.s.l 

Calculated Head      

m.a.s.l 

Well 

No. 

Observed Head 

m.a.s.l 

Calculated Head      

m.a.s.l 

1 27.79 27.73 4 27.61 27.73 

2 27.86 27.75 5 27.14 27.7 

3 27.80 27.77 6 27.67 27.74 
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ABSTRACT 

      Aluminum alloys widely use in production of the automobile and the aerospace because 

they have low density, attractive mechanical properties with respect to their weight, better 

corrosion and wear resistance, low thermal coefficient of expansion comparison with traditional 

metals and alloys. Recently, researchers have shifted from single material to composite materials 

to reduce weight and cost, improve quality, and high performance in structural materials. 

Friction stir processing (FSP) has been successfully researched for manufacturing of metal 

matrix composites (MMCs) and functional graded materials (FGMs), find out new possibilities 

to chemically change the surfaces. It is shown that the technique of FSP is very promising to 

modify the microstructure of strengthened metal matrix composite materials. There has the 

benefit of decline in distortion and flaw of material when FSP uses instead of other 

manufacturing processes. The aim of the present work is to give a review of technology of (FSP) 

as a method to produce the aluminium matrix composite, and conclusions of this review will be 

demonstrated. 

Keywords: frictions stir processing, metal matrix composite materials, aluminium alloys. 

  

 عرض للمواد المركبة رات الاساس مه الالمنيوم والمصنعة بواسطة عملية الخلط الاحتكاكي

                                                                                                                              حسيه برهان محمذ                              

                                                                                                                                                             هذسس هساعذ        

 جاهعح دَالً -كلُح الهٌذسح

 الخلاصة

ذسرخذم سثائك الالوٌُىم تشكل واسع فٍ صٌاعاخ الفضاء والسُاساخ تسثة كثافرها الوٌخفظح والخىاص الوُكاًُكُح الجُذج و 

هي هؤخشا الثادثُي اًرقل  تالسثائك والوعادى الرقلُذَح.  فاظ هعاهل الروذد الذشاسٌ هقاسًحاًخهقاوهح الثلُاى والرأكل الافضل و

. الوعالجح تالخلط الاداء العالٍ للوىاد الاًشائُحوالوادج الوٌفشدج الً الوىاد الوشكثح لرقلُل الىصى والكلفح وذذسُي الجىدج 

الادركاكٍ كاًد وها صالد ذثذث تشكل ًاجخ لرصٌُع الوىاد الوشكثح راخ الاساس الوعذًٍ والوىاد الوصٌفح وظُفُا والزٌ 

جذا فٍ ذعذَل الثٌُح  واعذجلاجشاء ذعذَل السطىح كُوُائُا. َثذو اى ذقٌُح الوعالجح تالخلط الادركاكٍ اهكاًُاخ دذَثح  دكشف

هع عولُاخ الرصٌُع الاخشي, الوعالجح تالخلط الادركاكٍ لها الافضلُح  شكثح راخ الاساس الوعذًٍ. هقاسًحالوجهشَح للوىاد الو

ذقٌُح الوعالجح تالخلط الادركاكٍ كطشَقح لركىَي الوىاد. اى الهذف هي هزٍ الذساسح هى اسرعشاض فٍ ذقلُل الرشىٍ والعُىب فٍ 

   شاض. ذىضُخ الاسرٌراجاخ هي هزا الاسرع وهي ثن ,الوىاد الوشكثح راخ الاساس هي الالوٌُىم

الالوٌُىم. , سثائكراخ الاساس الوعذًٍ عولُح الخلط الادركاكٍ, الوىاد الوشكثح :الرئيسيةالكلمات   
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1. INTRODUCTION 

    Composites of metal matrix strengthened by particles with micro or nano size are so effective 

materials, proper for a many uses. These composites fabricated from metal matrix reinforced 

with nano particles or fibers show different physical properties and different mechanical 

properties compare with those of the base metal.  

The composites of metal matrix (MMCs) strengthened by particles with nano-size, also called 

Metal Matrix nano-Composites (MMnCs), are being studied globally in late years, because they 

have attractive properties suitable for a many applications of function and structure. The 

interaction between reduced size particles and dislocations has important value because of the 

nano-scale of strengthening phase, when incorporated with other reinforced influences typically 

existed in traditional MMCs, lead to a exceptionally enhancement of mechanical properties. 

Zhang, and Chen, 2008; Zhang, and Chen, 2006; Sanaty-Zadeh, 2012; Luo, et al. 2012. 

Metal matrix composites with micron-size reinforcements have been used with outstanding 

success in the automotive and aerospace industries, in addition in small engines and electronic 

packaging applications. In the case of metal matrix nanocomposites, insertion of as little as one 

volume percentage of nanosize ceramics has led to a much greater increase in the strength of 

aluminum and magnesium base composites than was achieved at much higher loading levels of 

micron-sized additions Rohatgi, and Schultz, 2007. The greatest challenges facing the 

development of MMnCs for wide applications are the cost of nanoscale reinforcements and the 

cost and complexity of synthesis and processing of nanocomposites using current methods. As 

with conventional metal matrix composites with micron-scale reinforcements, the mechanical 

properties of a MMnC are strongly dependent on the properties of reinforcements, distribution, 

and volume fraction of the reinforcement, as well as the interfacial strength between the 

reinforcement and the matrix. Due to their high surface area, nanosize powders and nanotubes 

will naturally tend to agglomerate to reduce their overall surface energy, making it difficult to 

obtain a uniform dispersion by most conventional processing methods. In addition, due to their 

high surface area and surface dominant characteristics, these materials may also be highly 

reactive in metal matrices.  

    Saravanan, et al., 2010. Alloys of aluminum are very attractive for structural applications in 

aerospace, military and transportation industries because they are lightweight, high strength-to-

weight ratio and excellent resistance to corrosion. Nevertheless, the low hardness and low 

strength of aluminium alloys limit their use, particularly for tribological applications. Thus, to 
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improve these properties, several properties improvement techniques can be used, from them one 

is (FSP), Deepak, et al., 2013. Rotating pin is particular designed for FSP, as explained in Fig.1, 

it is firstly inserted into the metal to be processed with a suitable tool tilt angle and then moves 

along the designed paths. The pin generates heat by frictional and plastic deformation within the 

processing zone. When the tool pin moves, this forces the material to flow around the pin. The 

forced material flows to the back of the pin, where it is extruded and forged behind the tool, 

consolidated and cooled under hydrostatic pressure conditions.  

Friction stir processing is most commonly used with aluminum, Johannes et al., 2007. Ma, and 

Liu, 2008. Specifically, the effects of processing parameters on the microstructure evolution, 

deformation behaviors and mechanical properties were investigated, Cavaliere, et al., 2008; and 

Cavaliere, et al., 2009. The use of ceramic particles, such as silicon carbide and aluminum 

oxide, as reinforcements to form aluminum matrix composites, has been well studied, Alpas, et 

al., 1994; Sannino, and Rack, 1995; Deuis, et al., 1997; Gustafson, et al., 1997; Kouzeli, and 

Mortensen, 2002. From recent research, it can be illustrated that, for a fixed concentration, fine 

particles usually give stronger and harder composites, Kouzeli, and Mortensen, 2002. Many 

studies for developing nano- or sub-micro-particles strengthened aluminum composites have 

been adopted owing to this finding. Techniques of FSP have been successfully used to promote 

the structure and surface of composite with fine-grains, materials with modified microstructure, 

and synthesizing the composite and intermetallic compound in situ. For instance, by FSP, it was 

obtain on a finegrained microstructure for high-strain-rate superplasticity in the commercial 

7075Al alloy, Ma, et al., 2002. Moreover, the technique of FSP has been used to create a surface 

composite on aluminum substrate, Mishra, et al., 2002 and the homogenization of powder 

metallurgy (PM) aluminum alloys, metal matrix composites, and cast aluminum alloys, Berbon, 

eta l., 2001; Ma , et al., 2003.  

    This work can be considered a reference of FSP and it supplies a review of (FSP) technique 

for fabrication the aluminium metal-matrix composite as well.  

2. FABRICATION MMCS USING FSP 

     It is well documented that the volume fraction and size of reinforcing phases also the 

characteristics of base metal-reinforcement interface control the mechanical properties of 

MMCs, Shafiei-Zarghani, et al., 2009. Powder metallurgy (P/M) method or processing of 

molten metal has been the main routes to fabricate particle-reinforced metal matrix composites. 
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However, obtaining a uniform dispersion of fine reinforcement particles within the matrix is 

especially challenging through traditional casting or P/M processing. It is mainly because of the 

natural trend of fine particles to agglomeration during blending of the matrix and the 

reinforcement powders. It has been shown that FSP can be employed to fabricate aluminum 

matrix composites in-situ without supplementary consolidation process. The application of FSP 

to produce MMCs has the following advantages, Yang, et al., 2010: 

a. Inducing sever plastic deformation to further mixing and refining of constituent phases in 

the material. 

b.  Generation of high temperature to ease the in-situ reaction to develop reinforcing 

particles.  

c. Causing hot consolidation to establish fully dense solid.  

On the other hand, the presence of the reinforcement particles in the metallic matrix leads to 

brittleness, which generally is not desirable. Therefore, instead of bulk reinforcement, 

incorporation of the particles to the surface enhances the wear properties, which is a surface 

dependent degradation mode, without sacrificing the bulk properties, Dixit, et al., 2007. 

Nevertheless, it is challenging to effectively distribute particles of ceramic on a metallic surface 

by conventional surface treatments. The processing techniques existent to produce surface 

composites are rely on processing during liquid phase at elevated temperatures. However, it is 

tough to prevent the reaction at interface between the reinforcement and base metal and the 

development of some harmful phases. In addition, to achieve a perfect solidified microstructure 

in surface layer monitor of processing parameter seems to be crucial. Apparently, processing of 

surface composite at low temperature, below the melting point, can prevent these problems, Lim, 

et al., 2009. In this case, FSP, as a solid state processing technique, can be successfully 

employed to produce surface composites.  

3. FRICTION STIR PROCESSING TO FABRICATE ALUMINIUM MATRIX 

COMPOSITES 

3.1 Fabrication Micro Composites 

3.1.1 Aluminium Matrix Composite with Fine Grained and Modified 

Due to substantial friction heating and severe plastic deformation during FSP, dynamic 

recrystallization occurs in the stirred zone (SZ), resulting in fine and equiaxed recrystallized 

grain of absolutely uniform size, Mishra, et al., 2003. Hsu et al., 2005 observed that the Al-
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Al2Cu composite fabricated by in-situ became ultra-fine-grained composite after FSP. For the 

Al-Cu sintered billet, the reaction between Al and Cu was not achieved at sintering temperature 

500 °C for 20 min. The reaction was significantly enhanced when sintering temperature reached 

at 530 °C. However, the initial coarse Cu or resultant Al2Cu particles were heterogeneously 

dispersed in the aluminium matrix, Fig.2 (a).  This pointed out, that although a higher sintering 

temperature and a longer time can result in carry out the reaction between aluminium and 

copper, Heterogeneity distribution and coarseness of resultant particles of Al2Cu are clear 

feature. Ultra-fine-grained Al-Al2Cu composite obtained at two-pass FSP on the billets sintered 

at both 500 °C and 530 °C was owing to complete Al-Cu reaction and a uniform dispersion of 

the resultant Al2Cu particles in the matrix of aluminum, Fig.2 (b). This ultra-fine grained Al-

Al2Cu composite exhibited higher hardness and compressive strength. Lately, Hsu, et al., 2006. 

studied the influence of FSP on the in-situ reaction way between Al and Ti in an Al-Ti sintered 

billet. They observed that sintering at 610 °C temperature could achieve just a little amount of 

Al-Ti reaction came about around the Ti particles, Fig.3 (a). The reaction the in-situ was 

importantly accelerated by the FSP. When a four-pass FSP occurred, the reaction between 

aluminium and titanium completed fundamentally, and dispersion of the Al-Ti nano-particles 

formed in situ in the ultra-fine-grained aluminum matrix was obviously revealed, as 

demonstrated in Fig.3 (b). From results of tensile test, it can be seen that, the resultant composite 

of Al-Al3Ti shows high strength and modulus Table 1. The modulus and strength increased with 

increase in the Ti content, while the ductility decreased. The Al-10 at. pct Ti composite showed a 

interconnection of high strength/modulus and good ductility. Ma et al., 2006 investigated the 

effect of common parameters of FSP on sand-cast A356 plates. The results showed that coarse 

primary aluminum dendrites and coarse acicular particles of Si were broken up due to effect of 

FSP, in addition the closure of casting porosities, and the uniform spread of broken particles of 

Si in the aluminum matrix, as shown in Fig.4 (b). With increase passes number of FSP and 

rotational speed, the size and aspect ratio of the Si particles and the level of porosity decreased as 

result of the effect of intensified stirring (see Table 3). Similarly, Santella, et al., 2005 indicated 

that the coarse and heterogeneous cast structure of A319 and A356 was destroyed and then, a 

uniform distribution of broken second-phase particles is created due to influence of FSP, see 

Fig.5 (b). In addition, the images of TEM showed the creation of a fine-grained structure of 5 to 

8 lm in FSP A356 and 2 to 3 lm in FSP ADC12, Ma, et al. 2006. Also, they observed that the 

size of grain in the FSP specimens is much smaller than that in the as-cast structures, pointing 
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out the occurrence of dynamic recrystallization during FSP. Tewari et al. Lakshminarayanan, 

and Balasubramanian, 2008 investigated the influence of SiC particle orientation modified 

owing to FSP. The information of microstructure for SiC/A6061 composite materials with and 

without FSP singe step was obtained through high-resolution, large-area images. Anisotropic 

shape with an average aspect ratio approximately 1.6 to 1.8 was observed for the particles of 

SiC. The image of the composite by scanning electron microscopic in Fig.6 (a) explained such a 

morphological feature. Orientation statistics of particle indicated that there are preferred 

orientations for the nonequiaxed particles of SiC after extrusion processing. As illustrated in 

Fig.6 (b), the arrangement of the SiC particles is parallel to the direction of extrusion. The axis 

of extrusion is vertical. The passage of the friction stir tool maybe modified the preferred 

orientation. From Fig.6 (c), it can be observed, that the particles were redistributed at 45◦ to the 

extrusion and transverse directions. The tool motion of FSP is horizontal, left to right.  The 

microstructural information consistently point out that important microstructural change occur 

during FSP, contain re-orientation of the reinforcement particles, and an important decline in the 

levels of microstructral heterogeneity and microstructural anisotropy. 

 

3.1.2 Friction-Stir Surface/Bulk Composite 
 

Since altering the parameters of FSP, vertical pressure, tool design, and active cooling/heating 

influence on the grain microstructure, it seems that the mechanical properties of a metallic 

material can be custom-made through FSP. An increase in both hardness and yield strength (YS) 

has been reported due to continuously reduction in the grain size of aluminum alloys by 

changing the FSP parameters. FSP has been also studied to develop layers of hard materials on 

soft matrix, as alloys of aluminium based.  

Wang et al. Wang, et al., 2013 they used FSP to fabricate bulk SiC-reinforced aluminum 

MMCs. The rolled plate of 5A06Al and commercial powder of SiC were employed in this work. 

In the side of advancing at the pin edge a groove was machined, which had depth and width1.0 

and 0.5-mm respectively. At a distance 2.8 mm from the centerline, the groove was, and before 

processing, the powder of SiC was put into the groove. The high-speed steel was used to make 

the cylindrical tool of FSP with with a screwed pin. The plate was penetrated by the tool until the 

head face of shoulder reached 0.5 mm under the upper surface. The travel speed was 95 mm/min 

along the centerline and the rotational speed of tool was 1180 rpm. The dispersion of produced 

MMCs did not restrict to surface composites under the shoulder of tool but, the particles of SiC 
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could flow upwards of the thermomechanical affected zone (TMAZ) under the shoulder of tool, 

and it covered the range at a distance1.5 mm of the pin edge at the advancing side. Nevertheless, 

the in deeper position, width became narrower, and the dispersion of MMCs was about 2.5 mm 

at the depth of 2 mm, which was in the pin range at the advancing side. Roughly, 88 HV the 

value of microhardness of matrix was. The microhardness was constant, 10% higher than the 

matrix, on the depth of 0.5 and 1.0 mm under surface owing to integral distributed SiC.  

3.2 Fabrication Nano Composites 

3.2.1 Fine grained and modified structure of aluminium matrix composite  

Shahraki et al., 2013 used the friction stir processing (FSP) to produce AA5083/ZrO2 

nanocomposite layer. The sheet of 5083- H321 aluminum alloy with 5 mm thickness was used 

for the FSP experiments. The rectangular sheets with 300 mm in length and 300 mm in width 

were used as samples in this work. Commercially, powder of ZrO2 with nano average diameter ~ 

(10 to 15) nm and purity ~99.9 pct was provided by the TECNON, S.L. Company. A groove of 1 

mm width and 2 mm depth was machined on the AA5083 plate and then filled by the ZrO2 

powder before the FSP was carried out. The 2436 steel alloy was used to make the rotational tool 

in the process, encompasses a concave shoulder with a diameter of 18 mm and a triangle pin 

with diameter and length of 6 and 3.3 mm, respectively. The angle of tilt was approximately 3°.  

The pin was inserted into the groove filled with the nanopowder of ZrO2. Two passes of the FSP 

was carried out at traverse speeds of 40, 80, 125, and 160 mm/min and tool rotation rates of 800, 

1000, and 1250 rpm. It was indicated that the best choice to distribute the nanoparticles 

homogeneously in the matrix could be increasing the passes number of FSP. Faraji et al., 2011 

to investigate the microstructures of Al/ZrO2, both optical microscopy (OM) and scanning 

electron microscopy (SEM) were used, as shown in Fig.7 (a). also, VEGA II LMH SEM 

(Tescan, a.s., Brno, Czech Republic) equipped with an energy dispersive X-ray spectroscopy 

(EDS) analysis system was used to analysis the chemical composition of local areas in the 

specimens. In Fig.7 (b), it can be seen the nanosized ZrO2 particles distribution in the SZ. 

Depending on the parameter of Zener-Holoman, the grain size decreases with increasing the 

volume fraction of ZrO2 particles, El-Danaf, et al., 2010. The corresponding mechanical 

properties of FSP specimens were assessed through tensile test and microhardness 

measurements. Samples of tensile were machined to the depth that FSP was applied along the 

longitudinal direction. The samples of the FSP with nano-particles of ZrO2 showed that 

microstructures refined to a much smaller scale than the base metal alloy. The recrystallized 
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grains were equiaxed and had a similar size dispersion. The substrates microhardness was clearly 

increased after the FSP with ceramic particles. In majority of the processed samples, the 

hardness was greater with the maximum rise to be approximately 30 pct. The maximum value of 

microhardness for Al/ZrO2 composite was approximately 134 HV, whilst that of the parent alloy 

was about 93 HV, as shown in Fig.8 (a). For the samples without any defect and with uniform 

dispersion of ZrO2 particles, FSP increased the ultimate strength of the parent material by 

approximately 10 pct this, as shown in Fig.8 (b). Zarghani, et al., 2009. Used nanosized powder 

of Al2O3 with 50 nm average diameter and a extruded rod of commercial 6082 Al with 7 mm a 

thickness as reinforcement particulates and matrix, respectively. The Quenched H-13 tool steel 

was used to fabricate the pin with length and diameter 4 and 5 mm respectively. The pin traverse 

speed was set to be 135 mm/min and its rotational speed was 1000 rpm. To insert nano powder 

of Al2O3, a groove was machined with a width of 1mm and depth of 4 mm, in which the required 

amount of Al2O3 particles was crammed in. A tool without pin was used to close the groove to 

prevent sputtering of powder during the process.  Various numbers of passes FSP from one to 

four have been carried out on the specimens, with and without powder of Al2O3. After each pass, 

at room temperature air-cooling was used. Fig.9 (a). illustrated the optical micrograph of the 

parent 6082 Al. The using of FSP resulted in refine the size of grain of matrix, as explained in 

Fig.9 (b). The distribution of Al2O3 particles in the surface composite layer was better when 

three FSP passes than that one FSP pass. Aggregation of nanosized Al2O3 particles occurred in 

some region. Furthermore, it could be observed that the FSP carried out by four passes, resulted 

in layer of surface composite with good distribution of nano-sized particles of Al2O3, as explain 

in Fig.9 (c). As indicated by other researchers Java, et al., 2002; Sato and Kokawa, 2001, it 

was reported that the dynamic recrystallization occurred during FSP resulted in grain refinement. 

In fact, the FSP with the nanosized particles of Al2O3 has seen to be significant in reduction of 

the grain size of the 6082 Al matrix up to less than 300 nm this can be seen clearly in Fig.9 c and 

d. It has been considered that, the pinning impact by the nanosized Al2O3 particles prevent the 

growth of the grains for the considered 6082 Al matrix.  the considered microhardness results 

have been obtained  from the central cross-sectional zones of the friction stir processed 

specimens as shown in  Fig.10 (a). the hardness value have increased by about three times as 

compared to its value in the parent Al alloy. This has been carried out in the surface composite 

layer produced by four FSP passes. In the case of 6082 Al alloy where no alumina powder is 

added, after four passes of FSP, the microhardness image depicted a softening and decline of 
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hardness in the SZ contrary to that of the base Al metal. In this work, the  wear kinetics have 

been compared  due to  the weight loss as the specimen has been used to be  the pin and the 

material of disk from the GCr15 steel, as can be seen in Fig.10 (b).  The wear weight loss has 

increased with sliding distance. For the parent Al metal, the wear rate (weight loss/sliding 

distance) was of low value at the initial period of wear as it is increased then. At the 

nanocomposite layer surface produced by four FSP passes, the wear rate tends to be constant 

within sliding time.  The wear resistance against a steel disk has been enhanced by about two to 

three times in the Al/ Al2O3 surface nanocomposite layer produced by four FSP passes. This has 

been in comparison to with the base Al metal. In fact, the wear mechanism was considered to be 

a combination of abrasive and adhesive wear. The enhancement in the wear resistance of the 

surface composite layer might be explained due to the lower coefficient of friction and hardness 

increment. 

  

3.2.2 Surface/Bulk aluminium matrix composite 

 

Sahraeinejad, 2014 used friction stir processing for fabricating of Surface Metal Matrix 

Composites. Different particles at sizes ranged between 130 nm and 4.3 μm, and different 

process parameters, were employed to have a uniform distribution of particles within the 

processed region. In this study, the FSP was used to fabricate the composite by insert the 

reinforcement powders into the matrix of aluminum through a groove machined with 4 mm 

width and 2 and 4-mm depth in the matrix to contain the reinforcement. A cylindrical tool 

without pin was used with plate of material to close the groove to prevent the powder from 

sputtering out the groove. Mechanical properties of the composites of Al 5059 matrix reinforced 

with Al2O3, SiC, and B4C were got and compared. From results of tensile tests, it cab observed 

that  demonstrated yield strength increases by 20, 32, and 38 percent compared to the matrix 

alloy for composites containing Al2O3, SiC, and B4C, respectively, three passes of FSP were 

carried out using different tools explained in Table 4, also the Process parameters are 

summarized in Table 5. 

The effect of particle type and size dispersion was investigated in Al alloy matrix composites 

fabricate by FSP. The mechanical and fracture behaviour was compared between the composites, 

and the main results were that: 

 Reinforcement particles were homogenously distributed in the lower and upper parts of 

the stir zone when the number of FSP passes increased. 
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 3-pass FSP composites made with a 2-mm groove and reinforced by particles illustrates 

an increase of ~15% in the hardness profile as compared with FSP composite with no 

powder. This obviously proves the influence of powder inclusion on the hardness profile.  

  Composites reinforced by B4C particles showed the highest tensile yield strength; 

however, their ductility drastically declined to 2.5% elongation in comparison to the 

parent considered  

 When using 4.3-μm Al2O3 particles, the FSP technique lead to a 10 multiply refinement 

in the particle, whilst 1.1-μm Al2O3 particles are only refined to about half of their 

original size owing to the less effective attrition within the severely deformed stir zone.  

Samiee et al., 2011 FSP was employed to fabricate surface layer of Al/AlN nano-composite on 

6061 Al alloy matrix. FSP was carried out on 10 mm thick rolled plates of commercial 6061 

aluminum alloy as base metal, chemical composition of Al alloy is shown in Table 6. Nano-sized 

AlN particles with an average diameter of ~50 nm and 99.9% purity was used as particulate 

reinforcement. The tool was machined with 16 mm shoulder diameter, pin tool 5 mm diameter 

and 4 mm length. A 3° tilt angle of the fixed pin tool was used. Nano-sized AlN particles were 

inserted in matrix through a groove machined with 1and 3 mm width and depth respectively. The 

FSP were carried out with two passes at travel speed of 310 mm/min and rotation rates of 900, 

1120 and 1800 rpm, respectively. From optical micrographs, it can be observed that the SZ 

contain fine, uniform and equiaxed grains, Fig.11 (c), because of the dynamic recrystallization. 

The grain became smaller compared to the parent metal, this due to   serious plastic deformation 

and high temperature. The stirred zone is surrounded by the thermo-mechanically affected zone 

(TMAZ), Fig.11 (d) and by a small heat affected zone, (HAZ), Fig.11 (e). Since recrystallization 

doesn’t occur in this region owing to low temperature, the grains of the TMAZ are larger and 

less equiaxed than the stirred zone. In Fig.12, it can be seen that the agglomeration of nano-sized 

AlN particles observed in the SZ owing to decrease in rotational speed. Uniform dispersion of 

nano-sized AlN particles and less agglomeration of nano-sized AlN particles in the SZ have 

arised from the higher rotational speed Faraji and Asadi, 2010 Barmouz, et al., 2010. From 

Fig.12 (c) and Fig.11 (c), it can be reported that the grain refinement in the SZ has arisen from 

presence the powder of the nano-sized AlN. 

5. CONCLUSIONS 

 

FSP has been one of successful and significant processes for fabrication of Aluminium Matrix 

Composite (AMC) and modification the microstructure of reinforced metal matrix composite 
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materials. Most of the results revealed that for different alloys of aluminium, FSP produces grain 

refinement equiaxed as a result of dynamic recrystallization and homogeneous grain structure. 

These resulted in enhancement of the mechanical properties of aluminium alloys, such as 

hardness and tensile characteristics. The new advances in adding reinforcing particles to 

manufacture surface alloys and base metal composites are a breakthrough in this technology 

finding new possibilities to manufacture composites nanostructured with huge and attractive 

properties. FSP parameters such as rotational speed of tool, travel, linear speed of tool, spindle 

tilt angle, and depth are decisive parameters to prepare the MMCs with good properties 

(mechanical properties and structural characteristics) and product free defects. In addition, the 

type and vol. pct of ceramic powder as well as the interfacial strength between the base metal 

and the reinforcement powder play role to improve the properties of MMCs.  
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Figure 1. Schematic drawing of friction stir processing. Mishra, et al., 2003. 

 

 

 

 

 

 

 

Figure 2. Backscattered electron imaging (BEI) of Al-15 at. pct Cu samples sintered at 530 °C, 

showing (a) coarse Al2Cu/Cu particles under as-sintered condition and (b) fine and uniformly 

distributed Al2Cu particles after a subsequent two-pass FSP. Hsu, et al. 2005. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (a) BEI showing coarse unreacted Ti particles in Al-15 at. pct Ti sample sintered at 

610 °C and (b) TEM bright-field image showing uniformly distributed nanosized Al3Ti particles 

in four-pass FSP Al-10 at. pct Ti sample. Hsu, et al., 2006. 
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Table 1. Tensile Properties of Al-Al3Ti Composites Prepared by Four-Pass FSP. Hsu, et al., 

2006. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Optical micrographs showing morphology and distribution of Si particles in A356 

samples: (a) as-cast and (b) FSP at 900 rpm and 203 mm/min. Ma, et al. 2006. 

 

 

 

 

 

 

 

 

Figure 5. Optical micrographs showing (a) as-cast microstructure and (b) SZ of A319 (1000 

rpm, 102 mm/min). Ma, et al. 2006. 

 

 

Materials E (GPa) YS (MPa) UTS (MPa) El. (Pct) 

Al-5 at. pct Ti 82 277 313 18 

Al-10 at. pct Ti 95 383 435 14 

Al-15 at. pct Ti 108 471 518 1 

Si Si 
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Table 3. Size and Aspect Ratio of Si Particles and Porosity Volume Fraction in FSP and As-Cast 

A356 Ma, et al. 2006. 

 

Materials Particle Size (lm) Aspect Ratio Porosity Volume Fraction (Pct) 

As-cast 16.75 5.92 0.95 

FSP, 300 rpm, 

51 mm/min 

2.70 2.30 0.087 

FSP, 900 rpm, 

203 mm/min 

2.50 1.99 0.032 

FSP, 900 rpm, 

203 mm/min, 2 pass 

2.43 1.86 0.020 

 

 

 

 

 

 

 

 

Figure 6. Microstructure change in SiC particle reinforced A6061 due to FSP (after Tewari et al. 

Lakshminarayanan, and Balasubramanian, 2008): (a) scanning electron microscopic image 

of the composite showing the anisotropic shape of SiC particles; (b) as-extruded SiC/Al; (c) after 

FSP. 

 

 

 

 

 

 

 

Figure 7. a) Micrograph of various zones with high magnification of Al/ZrO2, process 

parameters: 1250 rpm, 80 mm/min b) distribution of ZrO2 particles in the SZ. Shahraki et al., 

2013. 
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Figure 8. a) Hardness values of BM and SZ. b) Mechanical properties of BM and FSP samples 

Shahraki et al., 2013. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Optical micrographs showing the grain size of as-received 6082 Al (a) and Al 6082 

before FSP (b) after four FSP passes. (c and d) SEM images showing the microstructure of the 

Al/Al2O3 surface composite layer produced by four FSP passes. Panel (d) is enlargement inside a 

circle for panel (c). Zarghani, et al., 2009. 
 

 

 

 

a 

Al2O3 
Al2O3 



Journal of Engineering Volume   23  July  2017 Number 7 
 

 

811 

 

 

Figure 10. (a) Typical variation of the microhardness HV distributions of the FSPed 6082 Al 

alloy (no Al2O3) and surface composite layers. (b) Change in the reduction in pin weight with 

sliding distance for as received Al and surface nanocomposite layer produced by four FSP 

passes. Zarghani, et al., 2009. 

 

Table 4. Processing parameters used in the FSP operations with 3-pass technique; travel speeds 

were 30 mm/min. Sahraeinejad, 2014. 

 

Pass Number  

 

 Groove Depth 

(mm)  

Shoulder 

Diameter D1 

(mm)  

Pin Diameter 

D2 (mm)  

Pin Length L1 

(mm)  

0 Capping  N/A  15  N/A  N/A  

1  Spiral Pin   10, 15  5  2.2, 4.0  

2 3-flat  2 and 4  12, 15  5  2.2, 4.0  

3 3-flat   12, 15  5  2.0, 3.8  

 

 

Table 5. Summary of FSP Parameters applied. Sahraeinejad, 2014. 

 

Pass 

Number  

 

 Tool  RPM  

 

Rotation 

Direction  

Inclination ( ° )  

 

Travel 

Speed 

(mm/min)  

0 Capping  Capping  1800  CW    

1 Pass 1  Spiral pin  1120  CCW  2.5  30  

2 Pass 1  3 flat  450  CCW  2.5   

3 Pass 1  3 flat  450  CW  2.5   
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Table 6. Chemical composition (wt %) of the base metal 6061 Aluminum alloy. Samiee et al., 

2011. 
 

Mg  Si  Fe  Cu  Cr  Mn  Zn  Ti  Al  

1.05 0.36 0.41 0.23 0.05 0.07 0.12 0.01 Base  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Cross section of the F1800: (a) the stirred zone, the TMAZ and the base metal 

interface, (b) the base metal, (c) the stirred zone, (d) the TMAZ and (d) the HAZ. Samiee et al., 

2011. 
 

 

 

 

 

 

 

 

Figure 12. Effect of the rotary speed on the nano-sized AlN powder distribution and aluminum 

nitride cluster size in the surface Al/AlN nano-composite of the: (a) F900, (b) F1120 and (c) 

F1800 at a magnification of 30.00 kx. Samiee et al., 2011. 



Journal of Engineering Volume   23  July  2017 Number 7 
 

 
 

1 
 

وحسبة هسبحبتهب فٍ الؼراق للإغراض الصنبػُخ  اػذاد قىاػذ ثُبنبد الوكبنُخ للترة

 (GISثبستخذام نظن الوؼلىهبد الجغرافُخ )

 نغن ػبهر ػجذاللطُف

 ِذسط ِغبعذ

 لغُ اٌّغبؽخ

 و١ٍخ إٌٙذعخ/عبِعخ ثغذاد

 

 الخلاصخ
رعذ ع١ٍّخ رظ١ٕف اٌزشثخ فٟ اٌعشاق ٌلإغشاع اٌظٕبع١خ ِٓ اٌّٛاػ١ع اٌّّٙخ اٌزٟ رؾزبط إٌٝ دساعبد ٚاععخ ِٚزخظظخ 

ِٓ اعً إٌٙٛع ثبٌٛالع اٌخذِٟ ٚاٌظٕبعٟ فٟ ثٍذٔب اٌعض٠ض, إْ اٌىض١ش ِٓ اٌجؾٛس اٌع١ٍّخ  رطشلذ إٌٝ رظ١ٕف اٌزشثخ فٟ 

بلاد الأخشٜ إلا إٕٔب ٌُ أعذ إٞ ِٓ اٌّظبدس ٚاٌجؾٛس اٌزٟ رطشلذ إٌٝ رظ١ٕف اٌّغبلاد اٌضساعٟ ٚاٌزغبس٠خ ٚغ١ش٘ب ِٓ اٌّغ

اعزخذاَ ثشاِظ ِزخظظخ ِضً ثشٔبِظ ٔظبَ اٌّعٍِٛبد  .رُ فٟ ٘زا اٌجؾشالأساػٟ ٌلإغشاع اٌظٕبع١خ ثظٛسح ِجبششح 

رؾذ٠ذ٘ب فٟ اٌّؾ١ؾ اٌّىبٟٔ وبٌٕمؾ اٌغغشاف١خ ٠ز١ؼ إِىب١ٔخ دساعخ اٌزٛص٠ع اٌّىبٟٔ ٌٍظب٘شاد ٚإٌشبؽبد ٚالأ٘ذاف اٌزٟ ٠ّىٓ 

ٚاٌخطٛؽ ٚاٌّغبؽبد, ؽ١ش ٠مَٛ إٌظبَ ثّعبٌغخ اٌّعٍِٛبد اٌّشرجطخ ثزٍه إٌمبؽ أٚ اٌخطٛؽ أٚ اٌّغبؽبد ٌغعً اٌج١بٔبد 

عب٘ضح لاعزشعبعٙب ٌغشع رؾ١ٍٍٙب أٚ الاعزفغبس عٓ ِعٍِٛبد ِع١ٕخ ِٓ خلاٌٙب.٠ٙذف اٌجؾش إٌٝ رٛظ١ف الإِىبٔبد اٌزٟ 

ٌزظ١ٕف اٌزشثخ فٟ اٌعشاق  ٌلأغشاع  اعذاد لٛاعذ ث١بٔبد ِىب١ٔخٔظبَ اٌّعٍِٛبد اٌغغشاف١خ لاعزخذاِٙب فٟ ِغبي ٠ز١ؾٙب 

إٌٝ اٌظ١غخ اٌشل١ّخ ِٚٓ صُ رى٠ٛٓ اٌطجمبد اٌّىٛٔخ ٌٍخبسؽخ ٚإعذاد لبعذح اٌزم١ٍذ٠خ اٌظٕبع١خ ِٓ خلاي رؾ٠ًٛ اٌخشائؾ اٌٛسل١خ 

 شاء رؾ١ٍلاد ٌٙزٖ اٌج١بٔبد ثّب ٠غًٙ ِٓ رم١ًٍ اٌغٙذ ٚاٌىٍفخ ٚص٠بدح الإٔزبط ٚاٌغشعخ ٚاٌذلخ.إٌّبعجخ ٌٙب .ٚإع اٌّىب١ٔٗاٌج١بٔبد 

 .قاعدة بيانات ,خرائط, للأغراض الصناعية : نظم المعمومات الجغرافية ,تصنيف التربة  رئيسيةالكممات ال    
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ABSTRACT 
      The process of soil classification in Iraq for industrial purposes is important topics that need 

to be extensive and specialized studies. In order for the advancement of reality service and 

industrial in our dear country, that a lot of scientific research touched upon the soil classification 

in the agricultural, commercial and other fields. No source and research can be found that 

touched upon the classification of land for industrial purposes directly. In this research 

specialized programs have been used such as geographic information system software The 

geographical information system permits the study of local distribution of phenomena, activities 

and the aims that can be determined in the local surrounding like points, lines and areas, where 

the geographical information system treats the data related to these points, lines and areas to 

make the data ready to be returned for analysis or asking about certain information by using it. 
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      The research aims to employ the potential given by GIS use in the field for building geo data 

based for soil classification in Iraq and transferring the traditional paper maps into digital maps. 

Then making the layers that the maps made of and preparing the geo data base that are 

appropriate .After that analysis of these data is done which permits for less effort and cost and 

finally increasing in the production speed and accuracy. 

      Key words: GIS, soil classification for industrial purposes, database, maps. 

 المقدمة -1

أعش٠ذ اٌعذ٠ذ ِٓ اٌجؾٛس اٌع١ٍّةخ  رطشلةذ إٌةٝ رظة١ٕف اٌزشثةخ فةٟ اٌّغةبلاد اٌضساعةٟ ٚاٌزغبس٠ةخ ٚغ١ش٘ةب ِةٓ اٌّغةبلاد      

إْ اٌزةشة اٌعشال١ةخ رؾزةٛٞ عٍةٝ ِعةبدْ  إٌٝ رظ١ٕف الأساػٟ ٌلإغشاع اٌظٕبع١خ ثظٛسح ِجبششح . . اٌجؾش رطشق الأخشٜ 

ثعؼٙب ٠ؾزً ِٛالع ِزمذِخ ِٓ ؽ١ش الاؽز١ةبؽٟ ٚالإٔزةبط عٍةٝ اٌّغةزٜٛ ٚصشٚاد  ِّٙخ ٚثبؽز١بؽ١بد ِز١ّضح ععٍذ اٌعشاق فٟ 

اٌذٌٟٚ , وّةب أْ اعةزخذاِٙب ِؾ١ٍةب ٠ةٛفش اٌعّةً ٌٕغةت ِع١ٕةخ ِةٓ اٌغةىبْ ٠ٚفةزؼ اٌّغةبي أِةبَ اعةزضّبس اٌشأعةّبي اٌةٛؽٕٟ لإلبِةخ 

 .اٌّظبٔع اٌّخزٍفخ ِٓ أعً اعزغلاي اٌّٛاسد اٌطج١ع١خ ٚاعزضّبس٘ب الزظبد٠ب

ٝ ِب رمذَ رجشص أ١ّ٘خ دساعخ رظ١ٕف اٌزشثخ  فٟ اٌعشاق ٚاصش٘ب  ِٚٓ خلاي ٘زٖ  اٌذساعخ ٌٍزٛص٠ع اٌغغشافةٟ ٌٍزةشة ٚاعزّبدا عٍ

ٚو١ّةةبد اؽز١بؽٙةةب , وّةةب رةةُ دساعةةخ أ١ّ٘ةةخ اٌظةةٕبعبد الاعةةزخشاط اٌّةةٛاسد اٌّعذ١ٔةةخ فةةٟ ِؾبفظةةبد , فؼةةلا  عةةٓ دساعةةخ الأفةةك 

  (.Barzanji,1984) قاٌّغزمجٍٟ ٌٍّعبدْ ٚاٌضشٚاد اٌّزٛافشح فٟ اٌعشا

ٝ رؾذ٠ةةةةةةةةذ ٔٛع١ةةةةةةةةخ ٚو١ّةةةةةةةةخ اٌضةةةةةةةةشٚح اٌّعذ١ٔةةةةةةةةخ ٌةةةةةةةةؤدٞ ارسإْ ِعشفةةةةةةةةخ اٌزشو١ةةةةةةةةت اٌغ١ٌٛةةةةةةةةٛعٟ ٚٔٛع١ةةةةةةةةخ اٌظةةةةةةةةخٛ

رةةةةةةُ إٔشةةةةةةبء خبسؽةةةةةةخ  (Konecny,2003).اٌّٛعةةةةةةٛدح فةةةةةةٟ أٞ إلٍةةةةةة١ُ عغشافةةةةةةٟ فؼةةةةةةلا  إٌةةةةةةٝ رٛص٠عٙةةةةةةب اٌغغشافةةةةةةٟ

ٌزظةةةةةة١ٕف اٌزشثةةةةةةخ ٌلإغةةةةةةشاع اٌظةةةةةةٕبع١خ فةةةةةةٟ اٌعةةةةةةشاق ثبعةةةةةةزخذاَ ٔظةةةةةةبَ اٌّعٍِٛةةةةةةبد اٌغغشاف١ةةةةةةخ , إر إْ رظةةةةةة١ٕف 

اٌزشثةةةةخ ٠ّىةةةةٓ اٌمةةةةٛي عٕةةةةٗ ٘ةةةةٛ ٌغةةةةخ اٌزخبؽةةةةت الأٌٚةةةةٝ ثةةةة١ٓ اٌّٙزّةةةة١ٓ ثعٍةةةةُ اٌزشثةةةةخ ٠ٚعةةةةذ ِةةةةٓ الاِةةةةٛس اٌّّٙةةةةخ اٌزةةةةٟ 

اعةةةةةةزخذاَ اٌزشثةةةةةةخ فمةةةةةةذ ٠ىةةةةةةْٛ اٌزظةةةةةة١ٕف  ٠ٍةةةةةةضَ ِعشفزٙةةةةةةب ٚالإٌّةةةةةةبَ ثٙةةةةةةب , فبٌزظةةةةةة١ٕف ٠عزّةةةةةةذ عٍةةةةةةٝ اٌغةةةةةةشع ِةةةةةةٓ

لأغةةةةةشاع صساع١ةةةةةخ اٚ ع١ٌٛٛع١ةةةةةخ اٚ ٕ٘ذعةةةةة١خ اٚ غ١ةةةةةش رٌةةةةةه . ٚثّعشفةةةةةخ ٔةةةةةٛ  اٌزشثةةةةةخ ٠ّىةةةةةٓ ؽةةةةةً اٌّشةةةةةبوً اٌزةةةةةٟ 

 .(Chang,2006)لذ رظٙش عٕذ اعزخذاِٙب 
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ِعشفةةةةةةخ أٔةةةةةةٛا  اٌزشثةةةةةةخ ِّٙةةةةةةخ عةةةةةةذا ٌلاعةةةةةةزعّبلاد فةةةةةةٟ ا١ٌّةةةةةةذاْ اٌضساعةةةةةةٟ أٚ اٌعّشأةةةةةةٟ أٚ ِةةةةةةذ اٌّٛاطةةةةةةلاد أٚ 

ر١ٙئةةةةةةخ اٌج١ئةةةةةةخ ثظةةةةةةفخ عبِةةةةةةخ. ٚإرا وبٔةةةةةةذ اٌجٍةةةةةةذاْ اٌّزطةةةةةةٛسح لةةةةةةذ ِغةةةةةةؾذ أساػةةةةةة١ٙب ٚدسعةةةةةةذ رشثزٙةةةةةةب, فؾةةةةةةذدد 

اٌجٍةةةةذاْ إٌب١ِةةةةخ أٔٛاعٙةةةةب ٚسعةةةةّذ ٌٙةةةةب خةةةةشائؾ ِٕةةةةز ِطٍةةةةع اٌمةةةةشْ اٌؾةةةةبٌٟ , فةةةةئْ ثٍةةةةذاْ وض١ةةةةشح فةةةةٟ اٌعةةةةبٌُ خبطةةةةخ 

ِٕٚٙةةةةةب اٌجٍةةةةةذاْ اٌعشث١ةةةةةخ لاصاٌةةةةةذ فةةةةةٟ ِعظةةةةةُ اٌؾةةةةةبلاد ٌةةةةةُ رغةةةةةؾ دساعةةةةةخ رشثزٙةةةةةب, ؽ١ةةةةةش أْ ٕ٘ةةةةةبن ِغةةةةةبؽبد شبعةةةةةعخ 

ِةةةةةٓ عةةةةةطؼ أساػةةةةة١ٙب لاصاٌةةةةةذ فةةةةةٟ ؽةةةةةٟ اٌّغٙةةةةةٛي أٚ ٘ةةةةةٟ ِذسٚعةةةةةخ دساعةةةةةخ عبِةةةةةخ ٚأْ ِعظةةةةةُ خةةةةةشائؾ اٌزشثةةةةةخ 

وض١ةةةةةةشا ِةةةةةةب وبٔةةةةةةذ غ١ةةةةةةش  ٌٍعةةةةةةبٌُ اٌعشثةةةةةةٟ أْ ٚعةةةةةةذد فٙةةةةةةٟ راد ِمةةةةةةب١٠ظ طةةةةةةغ١شح لا رعطةةةةةةٟ إلا فىةةةةةةشح ِةةةةةةٛعضح ,

ٚالع١ةةةةةخ أٚ ِؼةةةةةٍٍخ ٔٛعةةةةةب ِةةةةةب, إر رخفةةةةةٟ ؽمةةةةةبئك وض١ةةةةةشح ٠ٚغةةةةةٛد٘ب اٌغّةةةةةٛع وّةةةةةب ٠خةةةةةزٍؾ ف١ٙةةةةةب اٌٛالةةةةةع ثةةةةةبٌٕظشٞ 

Ibraheem,2006).)  ٚلةةةةةةةذ لةةةةةةةبَ ثٛػةةةةةةةعٙب فةةةةةةةٟ ِعظةةةةةةةُ الأؽ١ةةةةةةةبْ الأعبٔةةةةةةةت اٌّغةةةةةةةزعّشْٚ أ٠ةةةةةةةبَ الاؽةةةةةةةزلاي وّةةةةةةةب

ٌٕظةةةةف اٌضةةةةبٟٔ ِةةةةٓ اٌمةةةةشْ اٌؾةةةةبٌٟ ٘ةةةةٛ اٌشةةةة ْ ٌّعظةةةةُ خةةةةشائؾ اٌزشثةةةةخ وّةةةةب اعةةةةزمذِذ ثعةةةةغ اٌةةةةذٚي اٌعشث١ةةةةخ فةةةةٟ ا

خجةةةةةشاء ِةةةةةٓ اٌٛلا٠ةةةةةبد اٌّزؾةةةةةذح , ٚالارؾةةةةةبد اٌغةةةةةٛف١زٟ عةةةةةبثمب , ٚفشٔغةةةةةب ٌذساعةةةةةخ رشثٙةةةةةب ٚرظةةةةة١ٕفٙب ٚسعةةةةةُ خةةةةةشائؾ 

ٌٙةةةةةةةب , ِعزّةةةةةةةذ٠ٓ فةةةةةةةٟ اٌغةةةةةةةةٕٛاد الأخ١ةةةةةةةشح عٍةةةةةةةٝ ِعٍِٛةةةةةةةبد رمةةةةةةةةذِٙب ٌٙةةةةةةةُ الألّةةةةةةةبس اٌظةةةةةةةٕبع١خ الأِش٠ى١ةةةةةةةةخ أٚ 

الأٚسٚث١ةةةةةةخ.
 

ٌٚعةةةةةةً أ٘ةةةةةةُ ِةةةةةةب ٠ٍفةةةةةةذ الأٔظةةةةةةبس فةةةةةةٟ رظةةةةةة١ٕف اٌزشثةةةةةةخ فةةةةةةٟ اٌعةةةةةةبٌُ اٌعشثةةةةةةٟ ٘ةةةةةةٛ طةةةةةةعٛثخ رطج١ةةةةةةك 

اٌزظةةةةةة١ٕفبد الأعٕج١ةةةةةةخ ٚالأٚسٚث١ةةةةةةخ ٚالأِش٠ى١ةةةةةةخ ,رٌةةةةةةه ٌشةةةةةةذح رٕةةةةةةٛ  اٌزشثةةةةةةخ فةةةةةةٟ اٌجٍةةةةةةذاْ اٌعشث١ةةةةةةخ  ِٕٚٙةةةةةةب اٌعةةةةةةشاق 

ِٚةةةةب ١ّ٠ض٘ةةةةب عةةةةٓ وض١ةةةةش ِةةةةٓ اٌزشثةةةةخ فةةةةٟ اٌعةةةةبٌُ , ٌةةةةزٌه ٠ىةةةةْٛ ِةةةةٓ اٌؼةةةةشٚسٞ دساعةةةةخ ٚرظةةةة١ٕف ٚسعةةةةُ خةةةةشائؾ 

 (Longley,2005).ٌزشثخ فٟ اٌعشاق ِٓ اعً ِعشفخ اعزخذاَ ٘زا اٌزظ١ٕف ٌلإغشاع اٌظٕبع١خ ا

إْ رظةةةةةة١ٕف اٌزشثةةةةةةخ ػةةةةةةشٚسٞ ٌىةةةةةةٟ ٠غةةةةةةًٙ اٌزعبِةةةةةةً ِعٙةةةةةةب ٠ٚىزّةةةةةةً اعةةةةةةزعّبٌٙب فةةةةةةئْ ِشةةةةةةىٍخ اٌزظةةةةةة١ٕف لاصاٌةةةةةةذ 

ٚعةةةةةٛد  ل١ةةةةةذ الأخةةةةةز ٚاٌةةةةةشد ٚإٌمةةةةةبػ , ٚرٌةةةةةه ٌعةةةةةذح أعةةةةةجبة , ِٕٙةةةةةب : وضةةةةةشح اٌعٛاِةةةةةً اٌّشةةةةةىٍخ ٌٍزشثةةةةةخ , صةةةةةُ ٌعةةةةةذَ

فٛاطةةةةةً ٚاػةةةةةؾخ ثةةةةة١ٓ اٌّشاؽةةةةةً الاعةةةةةزّشاس٠خ ٌزطةةةةة٠ٛش اٌزشثةةةةةخ , فّةةةةةٓ رعش٠فٕةةةةةب ٌٍزشثةةةةةخ عٍةةةةةٝ أٔٙةةةةةب إٌزةةةةةبط الأخ١ةةةةةش 
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ٌعٛاِةةةةةً : ؽج١ع١ةةةةةةخ ٚؽ٠ٛ١ةةةةةةخ , ظٍةةةةةةذ رعّةةةةةً ِزعبٚٔةةةةةةخ , ِةةةةةةذح ؽ٠ٍٛةةةةةةخ ِةةةةةةٓ اٌةةةةةضِٓ ٌزشةةةةةةى١ٍٙب , ٠ظٙةةةةةةش ٌٕةةةةةةب أْ ٘ةةةةةةزٖ 

ثٍةةةةٛق أسلةةةةبَ ِةةةةٓ الأٔةةةةٛا  ٠ظةةةةعت اٌعٛاِةةةةً وض١ةةةةشح ِٚزٕٛعةةةةخ ٚأْ إدخبٌٙةةةةب وٍٙةةةةب فةةةةٟ اٌزظةةةة١ٕف لةةةةذ ٠ةةةةؤدٞ ثٕةةةةب إٌةةةةٝ 

 . (Gilbrook, 1999)إدساوٗ 
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فٟ ٘زا اٌجؾش رُ رغ١ّع اٌّعٍِٛبد ِٓ اٌزمبس٠ش اٌّخزجش٠خ اٌزٟ أٔغضد ِةٓ لجةً اٌّشوةض اٌةٛؽٕٟ ٌٍّخزجةشاد الإٔشةبئ١خ 

ٔظشا  ٌٍىُ اٌٙبئةً ِةٓ اٌّعٍِٛةبد أطةجؼ ِةٓ اٌظةعٛثخ اٌزعبِةً ِعٙةب  ٚ (. (N.C.C.L., 1986ٌّخزٍف ِٕبؽك اٌعشاق 

ٚاعز١عبثٙب ٚالاعزفبدح ِٕٙب. الا إرا ٔظّذ ٚطٕفذ ٚفٙشعذ ٚاخزضٌذ سل١ّب  ٚخٌضٔذ فةٟ لٛاعةذ ث١بٔةبد ٠ّىةٓ اٌزعبِةً 

اٌؾبعةخ إٌةٝ اعةزعّبي ِعٙب آ١ٌب  ٚالاعزفبدح ِٕٙب دْٚ أْ ٠خً ٘زا الاخزضاي ٚالإ٠غةبص ثةذلزٙب ٚطةؾزٙب ٚدلاٌزٙةب . فةذعذ 

ِٓ ؽفةع و١ّةبد ٘بئٍةخ ِةٓ اٌج١بٔةبد ٚاٌزةٟ رزشرةت فةٟ عةذاٚي ِةع ٔظُ اٌّعٍِٛبد اٌغغشاف١خ ٌّب ٠ّزبص ثٗ ٘زا اٌجشٔبِظ 

عٍٝ اٌٛسلخ ,٠ٚزُ ؽفةع اٌج١بٔةبد ِةع  أ١ِٕخِغبؽخ وج١شح ِٓ خشائؾ اٌّٛلع اٌغغشاف١خ ٚاٌزٟ لا ٠ّىٓ ؽفظٙب ثظــــٛسٖ 

١ش ٠غًٙ عٍٝ اٌّغزخذَ عةشع اٌج١بٔةبد اٌغذ١ٌٚةخ ِةع اٌخةشائؾ ٚثعةذح أعةب١ٌت ثبلإػةبفخ اٌخشائؾ ثطش٠مخ ِزشاثطخ ثؾ

اٌٝ أعشاء ع١ٍّبد ِعبٌغةخ ؽغةبث١خ ع١ٍٙةب لاعةزخشاط إٌزةبئظ ثٛلةذ ٚعٙةذ ل١ٍٍة١ٓ ٚالاعةزفبدح ِٕٙةب فةٟ أرخةبر اٌمةشاساد 

اٌظةٛس اٌفؼةبئ١خ اٌزةٟ رجة١ٓ رؼةبس٠ظ ٚفةٟ ٘ةزا اٌجؾةش رةُ الاعزّةبد عٍةٝ اٌعذ٠ةذ ِةٓ (.( ESRI, 2008المناسببة  ثبٌغةشعخ

ٚٔٛع١خ اٌزشثخ لأغٍت ِٕبؽك اٌعشاق, ٚوزٌه خشائؾ ٚسل١خ عٍٝ عج١ً اٌّضبي  , رُ ِغؾٙب ػةٛئ١ب  ٌىةٟ ٠غةًٙ اٌزعبِةً ِعٙةب فةٟ 

خ ( فزؼ اٌخش٠طخ فٟ ثشٔبِظ ٔظُ اٌّعٍِٛبد اٌغغشاف١خ ٚثعذ رٌه رةزُ ع١ٍّة٠ٚ1ٛػؼ اٌشىً )ثشٔبِظ  ٔظُ اٌّعٍِٛبد اٌغغشاف١خ .

سؽخ اٌّذخٍخ صُ ع١ٍّخ اٌزشل١ُ الاٌىزشٟٚٔ فئدخبي الإؽذاص١بد صُ إٔشبء اٌطجمبد ؽ١ش ٠ظٙش وةً ٔةٛ  ِةٓ بالإسعب  اٌغغشافٟ ٌٍخ

ؽةةخ الأطةة١ٍخ بس( ٠ٛػةةؼ إؽةةذاص١بد ٚ ِٛلةةع وةةً ٔمطةةخ ثبٌٕغةةجخ إٌةةٝ اٌخ2ٚاٌشةةىً )( . 2005ػووىدح  )اٌزشثةةخ عٍةةٝ شةةىً ؽجمةةبد 

 )اٌّذخٍخ( .

ٟٚ٘ اٌشجىخ اٌغغشاف١خ خؾ اٌطٛي  الإؽذاص١بد اٌؾم١م١خ ٌٍخبسؽخ ِٓ خلاي اٌشجىخ اٌّٛعٛدح عٍٝ اٌخبسؽخِٚٓ خلاي ِعشفخ 

( ٚرُ اخز١بس اٌّغمؾ إٌّبعت ٌٍؾظٛي عٍٝ الً ع١ٍّخ رشٖٛ ٌٍزؾ٠ًٛ ِٓ الاؽذاص١بد 1وّب ِٛػؼ فٟ اٌغذٚي ) ٚخؾ اٌعشع

 ) الاعطٛأٟ اٌّغزعشع اٚ ِب ٠عشف ؽ١ش رُ اعزخذاَ اٌّغمؾ اٌغ١ٛدع١خ "اٌىش٠ٚخ" اٌٝ الاؽذاص١بد اٌزشث١ع١خ "اٌّزش٠خ" 

Universe Transverse Mercator UTM   ٌَع١ٍّخ رؾ٠ًٛ الاؽذاص١بد ِٓ إٌظبَ اٌغغشافٟ اٌٝ  فٟ اٌجشٔبِظ( اٌزٞ اعزخذ

 . Y=Northing, X=Easting)إٌظبَ وبسر١ضٞ )
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اىم أنواع التربة التي صنفت باستخدام نظم  بعد عممية ادخال كل المعمومات المتوفمرة الى البرنامج وتحميل النتائج تم تصنيف

( حيث تظير كل تربة في موقعيا بالنسبة الى 15( الى الشكل )3المعمومات الجغرافية ىي كما موضحة بالأشكال من الشكل )
 شكلمن  وتحميل النتائج ( يوضح الخارطة النيائية لمعراق بعد أن تم جمع البيانات(17والشكل ,خارطة العراق بشكل مستقل

 وىي كالتالي: من اجل الحصول عمى افضل توزيع صناعي لممواقع ىذه التربة التي يمكن ان تستثمر بشكل صحيح ( 1-15)
   

 اٌفغفٛس ٠ٚزٛاعذ فٟ شّبي ٚغشةٚرىْٛ ٘زا إٌٛ  غٕٟ ثّعذْ  :Phosphorite Soilالترثخ الفسفىرَخ 1-2-2 

  (. ٠ٚ3ىْٛ أزشبسٖ  فٟ اٌعشاق وّب ِٛػؼ فٟ )اٌشىً  اٌعشاق.

( ٠ٚغزخذَ إٌمٟ ِٕٙب فٟ SiO2رزىْٛ ٘زٖ اٌزشثخ ثظٛسح سئ١غ١خ ِٓ اٌغ١ٍ١ىب ) (:Sand Soilالترثخ الرهلُخ )2-2-2   

( رٚ اٌٍْٛ الاؽّش اٚ ثٕٟ ٠ىْٛ Ferruginous Sand Soilطٕبعخ اٌضعبط اِب إٌٛ  اٌزٞ ٠ىْٛ غٕٟ ثبٌؾذ٠ذ ٚاٌزٞ ٠غّٝ )

رٚ ا١ّ٘خ الزظبد٠خ ٠ّٚضً خبَ اٌؾذ٠ذ ٚرغزعًّ اٌزشثخ اٌش١ٍِخ فٟ اٌجٕبء ٚالأشبء ؽ١ش رغزعًّ فٟ اٌخشعبٔخ اٌّغٍؾخ وّب رّزبص 

 (. ٠ٚ4ىْٛ أزشبسٖ  فٟ اٌعشاق وّب ِٛػؼ فٟ ) اٌشىً   (1996)الؼكُذٌ   ثّغب١ِخ ٚٔفبر٠خ عب١ٌخ .

 

٠ٚعزجش ٘ةزا إٌةٛ   CaMg(Co3)2ٚرزىْٛ ِٓ وشثٛٔبد اٌىبٌغ١َٛ ٚاٌّغٕغ١َٛ  :(Lime Soil)الترثخ الجُرَخ   3-2-2

ِٓ اٌزشثخ راد ا١ّ٘خ الزظبد٠خ ؽ١ش ٠غزعًّ فٟ طٕبعخ الاعّٕذ ٠ٚغزعًّ أ٠ؼب فةٟ اٌجٕةبء ٚالإٔشةبءاد ٚاوغةبء اٌشةٛاس  ٚاْ 
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٘زٖ اٌزشثخ ارا ِب رعشػذ اٌٝ دفٓ داخً الاسع )ؽشاسح ٚػغؾ( رزؾٛي طخش اٌّشِش اٌزٞ ٠عزجةش ِةٓ اٌظةخٛس الالزظةبد٠خ 

 (.٠ٚ5ىْٛ أزشبسٖ  فٟ اٌعشاق وّب ِٛػؼ فٟ) اٌشىً  .( 2001)خضر   ٔشبءاد ٚعًّ الأسػ١بداٌّغزخذِخ فٟ اٌجٕبء ٚالإ

 

ٟ٘ ِٓ اٌزشثخ اٌفزبر١خ ٔبرغخ ِٓ ع١ٍّبد اٌزغ٠ٛخ اٌى١ّ١بئ١خ رزىْٛ ِٓ  :(Clayey Soil)الترثخ الطُنُخ   4-2-2

رغزخذَ فٟ طٕبعخ اٌطبثٛق ٚاٌغ١شا١ِه ٚطٕبعخ رٚ أ١ّ٘خ الزظبد٠خ وج١شح ؽ١ش 3O4(AlSi) ع١ٍ١ىبد الأ١ٌَّٕٛ اٌّبئ١خ 

الأعّٕذ ٚالأٛا  ِٕٙب راد عٛدح عب١ٌخ رغزعًّ فٟ طٕبعخ اٌفخبس ٚإؽجبق ِٚغزؾؼشاد اٌزغ١ًّ اِب الأٔٛا  اٌزٟ رىْٛ راد 

ب١ٌخ دسعبد أظٙبس عب١ٌخ رغزعًّ فٟ طٕبعخ اٌؾشاس٠بد ٚالأفشاْ ٚاٌظٕبعبد اٌىٙشثبئ١خ ٚخبطخ فٟ خطٛؽ ٔمً اٌطبلخ اٌع

 (. ٠ٚ6ىْٛ أزشبسٖ  فٟ اٌعشاق وّب ِٛػؼ فٟ )اٌشىً  .(2002)الججىرٌ    ٚفٟ عًّ فلارش رظف١خ ا١ٌّبٖ

 

ِٓ أشٙش الأٔٛا  ٘ٛ اٌزٞ ٠ذخً فٟ رشو١ت اٌّشِش  :( Metamorphose Rocks)الصخىر الوتحىلخ   5-2-2

ٚاٌزٞ ثذٚسٖ ٠ذخً فٟ اٌجٕبء ٚالإٔشبءاد اٌزٟ رغزعًّ فٟ عًّ اٌغمٛف ٚالأسػ١بد ٠ٚؾٛٞ ٘زا إٌٛ  ِٓ اٌزشثخ عٍٝ ِعبدْ 

٠ٚىْٛ أزشبسٖ  فٟ اٌعشاق وّب  .(2001)خضر اٌزٞ ٠غزعًّ فٟ طٕبعخ اٌّٛاد اٌؾشاس٠خ (Kyanite)راد ل١ّخ عب١ٌخ ِضً 

 (.7ِٛػؼ فٟ) اٌشىً 

 

ٚ٘ٛ  NaClاٌزٞ ٘ٛ وٍٛس٠ذ اٌظٛد٠َٛ  (Halite)٠زىْٛ ٘زا إٌٛ  ِٓ ِعذْ  :(Salty soil) الترثخ الولحُخ 6-2-2

٠ٚعزجش ِٓ  (KCl)( ٚغبٌجب ِب ٠ؾزٛٞ عٍٝ شٛائت ِٓ أِلاػ اٌجٛربع١َٛ  ٠2.16زشعت ِٓ ١ِبٖ اٌجؾ١شاد ٠ٚجٍغ ٚصٔٗ إٌٛعٟ )

( 1996) الؼكُذٌ    اٌّعبدْ اٌّّٙخ فٟ ؽ١بح الإٔغبْ ؽ١ش ٠غزخذَ اٌٍّؼ ٌٍطعبَ ِضبي ع١ٍٗ ٍِّؾخ اٌغّبٚح عٕٛة اٌعشاق.

   (.٠ٚ8ىْٛ أزشبسٖ  فٟ اٌعشاق وّب ِٛػؼ فٟ) اٌشىً 

 
ٟٚ٘ إٌبرغخ ِٓ رشع١ت لٕٛاد الأٔٙبس ٚرىْٛ راد ؽغُ وج١ش  :(Conglomerates)الصخىر الوتكتلخ  7-2-2

( ٍُِ ٚرىْٛ اٌؾج١جبد ِزّبعىخ ثّٛاد لاؽّخ ِخزٍفخ ِضً اٌغ١ٍ١ىب اٚ اوبع١ذ اٌؾذ٠ذ اٚ 3-٠60ظً ؽغُ لطش ؽج١جزٙب ِٓ )

ٌعشاق وّب ٠ٚىْٛ أزشبسٖ  فٟ ا .(2001)خضر  وشثٛٔبد اٌىبٌغ١َٛ ٚرغزعًّ فٟ اٌجٕبء ٚالإٔشبءاد ٚفٟ سطف اٌطشق

    (.9 ِٛػؼ فٟ )اٌشىً

 

٠عزجةةش ِةةٓ إٌةةٛ  اٌط١ٕةةٟ ٌٚىةةٓ ٠ؾزةةٛٞ عٍةةٝ ٔغةةجخ عب١ٌةةخ ِةةٓ اٌغ١ةةش )وبسثٛٔةةبد اٌىبٌغةة١َٛ : (Marl)الوووبر    8-2-2

CaCO3٠ٚىْٛ أزشةبسٖ  فةٟ اٌعةشاق وّةب ِٛػةؼ فةٟ  .(2002)الججىرٌ ( ٚرغزعًّ فٟ طٕبعخ الاعّٕذ ٚفٟ طٕبعخ اٌفخبس

 (.10)اٌشىً 

ٚرىْٛ فزبر١خ راد ؽغُ ؽج١جٟ الً ِٓ ؽغُ اٌشًِ ٠ٚغزعًّ فٟ اٌجٕبء  :(Silty Soil) الترثخ الغرَنُخ  9-2-2

٠ٚىْٛ أزشبسٖ  فٟ اٌعشاق وّب ِٛػؼ  ٚالإٔشبءاد ٚأ٠ؼب ٠عزجش ِٓ سٚاعت الأٔٙبس ٚاٌجؾ١شاد ٚرىْٛ غ١ٕخ ثبٌّعبدْ اٌضم١ٍخ.

  (.11فٟ )اٌشىً 

         

ٚ٘ٛ ٔٛ  ؽ١ٕٟ ِزعشع اٌٝ ػغؾ ؽ١ش فمذ وً ِؾز٠ٛبرٗ اٌّبئ١خ ٚرظٍت عٍٝ (:  Shaleصلصبلُخ ) صخىر 10-2-2

٠ٚىْٛ أزشبسٖ  فٟ اٌعشاق وّب ِٛػؼ فٟ     .( 2001)خضر  ١٘ئخ ؽجمبد سل١مخ اٚ طفبئؼ ٌٚٗ ٔفظ اعزعّبلاد اٌط١ٓ

  (.12)اٌشىً 

 (Basalt & Granite)ِةٓ طةخٛس وج١ةشح ِضةً طةخشح  ٠ٚزىةْٛ:(Igneous Rocks)الصوخىر النبرَوخ 11-2-2  

ّٚ٘ب ِٓ اوضش اٌظخٛس اٌشئ١غ١خ اٌزٟ رغزخشط ِٕٙب ِعظُ خبِبد اٌّعةبدْ اٌفٍض٠ةخ ِٕٙةب ِضةً اٌؾذ٠ةذ ٚا١ٌٕىةً ٚاٌىةشَٚ ٚاٌضئجةك 

اٌظة١ٙش ٚاٌز٘ت ٚاٌجلار١ٓ ٚإٌؾبط ٚاٌشطبص ٚالا١ٌَّٕٛ ٚغ١ش٘ب ِٓ اٌفٍضاد ؽ١ش رزشعت ٘زٖ اٌّعبدْ ثظةٛسح ِجبشةشح ِةٓ 

٠ٚىةةْٛ  .(1996)الؼكُووذٌ  وّةةب ا٠ؼةةب رؾزةةٛٞ ٘ةةزٖ اٌظةةخٛس عٍةةٝ ِعةةبدْ ٔف١غةةخ ِضةةً اٌّةةبط ِٚعةةذْ اٌضِةةشد ٚاٌعم١ةةك ٚغ١ش٘ةةب

 (.13أزشبسٖ  فٟ اٌعشاق وّب ِٛػؼ فٟ )اٌشىً 

عٍةٝ رىْٛ خ١ٍؾ ِب ث١ٓ اٌغش٠ٓ ٚاٌط١ٓ ِةٓ ٔبؽ١ةخ ؽغةُ اٌؾج١جةبد ٚالاعةزعّبلاد ٚلةذ رؾزةٛٞ الترثخ الوزَجُخ :  12-2-2 

رشعجبد ٌجعغ اٌفٍضاد ٚاٌّعبدْ إٌف١غخ وّب أٙب رعزجش ِف١ذح ٌٍضساعخ ٚرشىً اٌغضء الاعظةُ ِةٓ اٌغةًٙ اٌف١ؼةٟ ٌٕٙةشٞ دعٍةخ 

 (. 14. وّب ِٛػؼ فٟ )اٌشىً( 1996)الؼكُذٌ  ٠ٚىْٛ أزشبسٖ  فٟ اٌعشاق ٚاٌفشاد
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13-2-2  Gypsum and Alanhaedraatاْ الأٙب٠ذسا٠ذ وجش٠زبد اٌىبٌغ١َٛ اٌلاِبئ١خ :(CaSO4)  ٚعٕذِب

ؽ١ش ٠ خز عض٠ئٟ ِبء ٚ٘ٛ ٠زشعت ِٓ ١ِبٖ اٌجؾبس  (CaSO42H2O)٠ّزض اٌّبء ٠زؾٛي اٌٝ وجش٠زبد اٌىبٌغ١َٛ اٌّبئ١خ 

َ فٟ اٌجٕبء وّب اٌؼؾٍخ ٚاٌجؾ١شاد اٌشبؽئ١خ اْ الا١ّ٘خ الالزظبد٠خ ٌٗ ٘ٛ ٠غزخذَ ثظٛسح سئ١غ١خ فٟ عًّ اٌغض اٌّغزخذ

. ٠ٚىْٛ أزشبسٖ  فٟ اٌعشاق وّب ِٛػؼ فٟ    (2001)خضر ٠ذخً فٟ خٍطخ الاعّٕذ وّب أٗ ٠غزعًّ فٟ عًّ اٌزّبص١ً

 (.15)اٌشىً 

 
 -حسبة الوسبحبد : 3-

ٌغشع ؽغبة اٌّغبؽخ رُ اخز١بس اٌّغمؾ إٌّبعت ٌٍؾظٛي عٍٝ الً ع١ٍّخ رشٖٛ ٌٍزؾ٠ًٛ ِٓ الاؽذاص١بد اٌغ١ٛدع١خ 

"اٌىش٠ٚخ" اٌٝ الاؽذاص١بد اٌزشث١ع١خ "اٌّزش٠خ" ٕٚ٘بن ِغبلؾ ِزٕٛعخ ِضً اٌّخشٚؽٟ ٚالاعطٛأٟ ٚاٌّغزٛٞ ٚاٌشبئع ٘ٛ 

( اٌّغمؾ اٌعبٌّٟ الاعطٛأٟ اٌّغزعشع (Universe Transverse Mercator UTMالاعطٛأٟ اٌّغزعشع اٚ ِب ٠عشف 

دسعبد ؽٛي ِع اٌعٍُ اْ ٔمطخ الأطلاق ٌخطٛؽ اٌطٛي ٘ٛ خؾ  6وً ٚاؽذ ِؾظٛس ثـ  Zoneٚاٌزٞ ٠مغُ اٌعبٌُ اٌٝ لطبعبد 

Greenwich ٚخؾ اٌعشع اٌشئ١غٟ ٘ٛ خؾ الاعزٛاء ٚرمبؽع خؾ اٌطٛي اٌشئ١ظ ٌىً لطب  ٚخؾ الاعزٛاء ٠ّضً ٔمطخ 

 45ٚاٌزٞ ٘ٛ  Central Meridianخؾ اٌطٛي اٌشئ١ظ  الأطلاق ٌٕظبَ الاؽذاص١بد فٟ ٘زا اٌمطب  ٠ٚعشف وً لطب  وبلارٟ.

51 ِٓ اٌعشاق ٚ   %90ٚاٌزٞ ٠غطٟ ؽٛاٌٟ  38دسعخ ٌمطب  
o

ٚاٌزٞ ٠غطٟ ِغبؽخ ل١ٍٍخ عذا ِٓ اٌعشاق فٟ  39دسعخ ٌمطب  

39ِؾبفؼخ اٌجظشح لشة اٌؾذٚد الا٠شا١ٔخ ٚ 
o

 (.2006العبادي، ),ٚاٌزٞ ٠غطٟ ِٕطمخ غشة الأجبس  37سعخ ٌمطب  د 
( النسبة المئوية  لمساحة كل تربة بالنسبة الى مساحة العراق الكمية ,وكذلك يوضح مساحة كل تربة ويظير 2ويوضح الجدول )
 .ذلك بشكل اوضح 

المساحة التي تشغميا كل طبقة نسبة الى ( حيث يظير Excelبالاستعانة ببرنامج )( الذي تم رسمو 16في الشكل )اما 
( لكن الامر ليس بيذه البساطة إذ ان ىناك polygonان رسم طبقات التربة ىو عبارة عن رسم مضمع ). الطبقات الأخرى

مجموعة من المشاكل ستواجينا مثل مشكمة التجاور بين الطبقات حيث ان دقة الرسم ميما كانت عالية ستكون ىنالك اما 
(الذي لو  Arctoolbox( بين الطبقات ولتجاوز ىذه المشاكل تم استخدام برنامج ) gapsاو فراغات ) overlab)تداخل) 

الطبقة  القديمة  أما الأخرىإمكانية مسح جزء من طبقة متداخل مع طبقة اخرى لتنتج طبقة جديدة غير متداخمة مع الطبقة 
 (.(Iraq G.S.I.Institute,2012 ا,فيمكن مسحيا لان الطبقة الجديدة تعوض عنو

٠ّىٕٕب أْ ٔغّع وبفخ اٌج١بٔبد فٟ خش٠طخ ٠ّىٕٕب  ٚألاْ ٚثعذ أْ رُ ؽغبة اٌّغبؽخ ٌىً ؽجمخ ِٓ ؽجمبد اٌزشثخ )أٔٛا  اٌزشثخ (

اْ ٔغ١ّٙب خش٠طخ رظ١ٕف اٌزشثخ فٟ اٌعشاق ٌلإغشاع اٌظٕبع١خ  ٠ّٚىٓ أْ رغزخذَ لغُ ِٕٙب فٟ الإغشاع إٌٙذع١خ لإٔٔب 

عغ اٌّعب١٠ش إٌٙذع١خ فٟ اٌزظ١ٕف ؽ١ش رُ الاعزّبد عٍٝ رمبس٠ش ٕ٘ذع١خ طبدسح ِٓ اٌّشوض اٌٛؽٕٟ ٌٍّخزجشاد اعزخذِٕب ث

 ( ٠ٛػؼ خش٠طخ رظ١ٕف اٌزشثخ فٟ اٌعشاق ٌلإغشاع اٌظٕبع١خ .18الإٔشبئ١خ. ٚاٌشىً )

 
  

 الاستنتاجات: -4
المعامل الصناعية حسب تواجد المواد يمكن الاستفادة من ىذا البحث في تحديد الموقع الأمثل لإنشاء  - أ

 .الأولية والتي تم تحديد موقعيا من خلال اعداد قواعد البيانات المكانيو لمترب
 في العراق انتشارىاعن أنواع التربة المتوفرة ومعرفة مساحاتيا ونسبيا المئوية ومواقع  ةأعطينا فكره أولي - ب

 بواسطة استخدام البرامج الحديثة والتحميلات الإحصائية.
التعامل مع المعمومات والبيانات الكبيرة ومعالجتيا وادرتيا وتحميميا وتحديثيا, خاصة  تم في ىذا البحث - ت

وأنيا تعتمد بشكل أساس عمى معطيات الاستشعار عن بعد الواسعة الدقيقة, لتسييل عممية دراستيا وتحميميا 
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متخطيط والتنمية في منطقة الدراسة, وبذلك استطاعت تمثيل ىذا الكم لا واتخاذ القرارات المناسبة ومقارنتي
في خرائط موضوعية كمية ونوعية وبدقة عالية, وسيولو تحميمية لمقارئ المتمقي خاصة عند  ألمعموماتي

 استعمال الرموز البيانية فييا.
امج نظم المعمومات الجغرافية يمكننا أضافتيا الى بيانات من خلال ىذه البيانات التي اعدت باستعمال برن - ث

نشاء  اخرى لتمكين العاممين في ىذا المجال الاستفادة منيا في اتخاذ القرارات المناسبة في تصميم وا 
 اي مشروع مستقبلًا. المصانع حسب تصنيف التربة فانو سوف يوفر اقل وقت واقل كمفة  لإنتاج
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  " ,1996. 1,,اٌعذد27ٔظبَ رظ١ٕف اٌزشة اٌعشال١خ" ,ِغٍخ اٌعٍَٛ اٌضساع١خ اٌعشال١خ اٌّغٍذ اٌعى١ذٞ ,١ٌٚذ خبٌذ 

 , ٌٍزشثخ فٟ اٌّؾبفظبد ٚثعغ إٌّبؽك اٌّغبٚسح  اٌخشئؾ اٌغ١ٛرىز١ى١خ الا١ٌٚخ "اٌغجٛسٞ, ؽبِذ ؽغٓ عجذالله " ,

 2002 ., اؽشٚؽخ ِبعغز١ش و١ٍخ اٌعٍَٛ _ عبِعخ ثغذاد

  ٍٟاؽشٚؽخ ِبعغز١ش و١ٍخ " دٚس اٌعٛاًِ اٌغغشاف١خ فٟ رى٠ٛٓ اٌزشثخ ٚرغ١ش طفبرٙب " ,2001خؼش,عبلاس ع ,

 . 2001 ,اٌزشث١خ )اثٓ اٌششذ(_ عبِعخ ثغذاد

   " ,أعبع١بد ٔظُ اٌّعٍِٛبد اٌغغشاف١خ ٚرطج١مبرٙب فٟ سؤ٠خ عغشاف١خ ", داس اٌّغشح عٛدح ,ع١ّؼ اؽّذ ِؾّٛد

 . 2005 ٌٍٕشش ,عّبْ ,الاسدْ

 

 المختارة حسب موقعها عمى الخارطة. النقاط إحداثيات . (1الجدول )
 λ( خطىط الطى  (α Easting( خطىط الؼرض (Northing رقم النقطة

1 46O 23' 11" 36O 30' 10" 
2 44O 33' 41" 35O 46' 16" 
3 47O 42' 52" 32O 55' 26" 
4 40O 12' 31" 33O 20' 42" 
5 48O 22' 43" 29O 10' 55" 
6 45O 13' 12" 29O 23' 34" 

 

 تن حسبثهب هن خلا  الجرنبهج. َىضح الوسبحخ لكل طجقخ هغ النست الوئىَخ لهب . (2الجذو  )

 النسجخ الوئىَخ الورثغالوسبحخ ثبلوتر  نىع الطجقخ اسن الطجقخ

Main river Polygon 2153662902 0.47739 

Sub river Polygon 448290669.2 0.09937 

Lakes Polygon 5276990657 1.16972 

Silty soil Polygon 32483547010 7.20044 

Marl Polygon 27110374840 6.00940 

Medley soil Polygon 104053826800 23.06501 

Metamorphosed Polygon 3408308349 0.75550 

Phosphorite soil Polygon 3078169361 0.68232 

Salty soil Polygon 13863536690 3.07305 

Clayey soil Polygon 54673687010 12.11920 

Conglomerate Polygon 18822208040 4.17221 

Gypsum Polygon 94805604280 21.01501 

Igneous Polygon 41073837450 9.10460 

Lime Polygon 3797726187 0.84182 

Sandy soil Polygon 45687572650 10.12730 

Shale Polygon 396004377 0.08778 

 100 451132805917 اٌّغّٛ 
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 هغ الخبرطخ جرنبهج نظن الوؼلىهبد الجغرافُخالخطىاد الاولً للَىضح  .1الشكل 

 

 

 

 

 

 

 

 

 الوذخلخ هىضح ػلُهب هىقغ كل نقطخ ثبلنسجخ الً الخبرطخ الاصلُخ. خبرطخَىضح ال .2الشكل 
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 الترثخ الفسفىرَخ

 

 . ىضح ػلُهب أهبكن تىاجذ الترثخ الفسفىرَخ. 3َالشكل 

 

 
.  

 الترثخ الرهلُخ 

 

 الترثخ الرهلُخىضح ػلُهب اهبكن تىاجذ . 4َالشكل 

 
 الترثخ الجُرَخ 

 .َىضح ػلُهب اهبكن تىاجذ الترثخ الجُرَخ .5الشكل 

 
 

 الترثخ الطُنُخ 

 َىضح ػلُهب أهبكن تىاجذ الترثخ الطُنُخ. .6الشكل 
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 الترثخ الوتحىلخ

 

  . اهبكن تىاجذ الصخىر الوتحىلخ ىضح ػلُهبَ. 7الشكل 
 

 

 
 

 الترثخ الولحُخ 

 ىضح ػلُهب أهبكن تىاجذ الترثخ الولحُخَ. 8الشكل 

 
 الترثخ الوتكتلخ 

 ىضح ػلُهب أهبكن تىاجذ الصخىر الوتكتلخَ .  9الشكل

 
 ترثخ الوبر 

 الوبر .ىضح ػلُهب أهبكن تىاجذ َ.  10الشكل 
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 الترثخ الغرَنُخ 

 

 ىضح ػلُهب أهبكن تىاجذ الترثخ الغرَنُخ .َ 11.الشكل 

 

 
 

 

 

 الترثخ الصلصبلُخ 

 

 ىضح ػلُهب أهبكن تىاجذ الصخىر الصلصبلُخ َ .12الشكل 

 
 

 الترثخ النبرَخ 

 

 ىضح أهبكن تىاجذ الترثخ النبرَخ.َ .13الشكل 

 
 

 الترثخ الوزثجُخ 

 

 ىضح أهبكن تىاجذ الترثخ الوزَجُخ.َ .14الشكل 
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 الترثخ الججسُخ 

 

 ُخ.جسَىضح اهبكن تىاجذ الترة الج .15الشكل 

 

 

 

 ػبهخ ػن الوسبحخ التٍ تشغلهب كل طجقخ نسجخ الً الطجقبد الاخري. َؼطٍ نظرح 16الشكل 

sub river

main river

lake

silty  soil

marl

medley soil

metamorphos

phosphorite

salty soil

clayey soil

conglomerate

gypsum

igncous
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 طخ تصنُف الترثخ لإغراض الصنبػُخ فٍ الؼراق.برخ. 17الشكل 
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