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ABSTRACT 

       Aging of asphalt pavements typically occurs through oxidation of the asphalt and 

evaporation of the lighter maltenes from the binder. The main objective of this study is to 

evaluate influence of aging on performance of asphalt paving materials.    
Asphalt concrete mixtures, were prepared, and subjected to short term aging (STA) 

procedure which involved heating the loose mixtures in an oven for two aging period of (4 and 

8) hours at a temperature of 135 
o 

C. Then it was subject to Long term aging (LTA) procedure 

using (2 and 5) days aging periods at 85 
o 
C for Marshall compacted specimens.     

The effect of aging periods on properties of asphalt concrete at optimum asphalt content 

such as Marshall Properties, indirect tensile strength at 25 
o 

C, Resilient Modulus and resistance 

to permanent deformation were evaluated. 

The impact of Short-term and long-term aging on asphalt concrete properties was 

evaluated. The stiffness of the mixture increases by increasing aging period that lead to increase 

of Marshall Stability, indirect tensile strength, and the resilient modulus, which leads to 

increases the resistance of mixtures against permanent deformation. The 8 hr. short term aging 

causes the Marshall stability, indirect tensile strength at 25 
o 

C and resilient modulus to be 

increased by 52%, 34 % , 20% respectively  as compared with control mixture while, the 

permanent deformation decreased by (33 %) as compared with control mixture. 

 

Key words: Marshall Properties, indirect tensile strength, permanent deformation, short-term 

ageing, long-term aging. 
 

الإسفلتية الرصفةتأثير زمن التقادم على اداء   

سامر مؤيد عبد المجيد                  الاستاذ سعد عيسى سرسم    

بغذاد جبيعت-انُٓذستكهٛت  انًذَٛت،قسى انُٓذست   

 الخلاصة

. انٓذف انشئٛسٙ الإسًُخٙخطبٚشة يٍ الاسفهج ًحقبدو انخبهٛظ الاسفهخٙ عبدة يب ٚحذد يٍ خلال أكسذة الإسفهج ٔحبخش انًٕاد ان

. حى ححضٛش انخهطبث الإسفهخٛت انشطفتانخقبدو انضيُٙ عهٗ اداء الاسفهج الاسًُخٙ ٔيٕاد  حأرٛشيٍ ْزِ انذساست ْٕ حقٛٛى 

عشضج ْزِ انخهطبث نهخقبدو انقظٛش الايذ ٔانز٘ ٚخضًٍ حسخُٛٓب فٙ انفشٌ  انًخخهفت حٛذالإسفهخٛت ببسخخذاو إَٔاع الاسفهج 

نهخقبدو انطٕٚم الايذ  انخهطبث )ْٔٙ يفككّ( رى عشضج ْزِ دسجت يئٕٚت 135( سبعت عُذ دسجت حشاسة 8, 4نفخشاث صيُٛت )

صيٍ انخقبدو  حأرٛشحى دساست  .ًَبرسبعذ سطٓب انٗ  دسجت يئٕٚت 85حشاسة ( ٕٚو عُذ دسجت 5,  2) يخخهفتشاث صيُٛت خلال فخ

نخشِٕ اًشَٔت ٔيقبٔيت اندسجت يئٕٚت, ٔيعبيم  25عهٗ خٕاص انخهطبث )خظبئض يبسشبل , قٕة انشذ غٛش انًببشش عُذ 

عُذ انًحخٕٖ الاسفهخٙ الايزم .حى حقٛٛى حأرٛش انخقبدو قظٛش الايذ ٔطٕٚم الايذ عهٗ خظبئض  ذائى( انخٙ حى  ححضٛشْبان

 انًببشش،صيٍ انخقبدو انز٘ ٚؤد٘ إنٗ صٚبدة رببث يبسشبل، ٔانشذ غٛش حضداد بضٚبدة  انخهطتطلابت اٌ انخشسبَت الإسفهخٛت. 

سبعبث ٚؤد٘ انٗ  8اٌ صيٍ انخقبدو بًقذاس  .ضذ انخشِٕ انذائى انخهطتالأيش انز٘ ٚؤد٘ إنٗ صٚبدة يقبٔيت  انًشَٔت،ٔيعبيم 

mailto:saadisasarsam@coeng.uobaghdad.edu.iq
mailto:samer_mouyed@yahoo.com
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%, 25يئٕٚت ٔيعبيم انًشَٔت انحشكٙ بًقذاس  25صٚبدة كم يٍ قٛى رببث يبسشبل ٔيقبٔيت انشذ غٛش انًببشش عُذ دسجت حشاسة 

 سَخّ ببنخهطت انًشجغٛت.% عُذ يقب33% عهٗ انخٕانٙ عُذ انًقبسَت يع انخهطت انًشجعٛت بًُٛب قم انخخذد بًقذاس %22, 34

 

 : خظبئض يبسشبل, قٕة انشذ غٛش انًببشش, الاَفعبل انذائى, انخقبدو قظٛش الايذ, انخقبدو طٕٚم الايذ الكلمات الرئيسية

 

1. INTRODUCTION  

One of the major problems facing asphalt during its service life is the "aging" process, Aging 

causes the asphalt to stiffen and become brittle which leads to a higher potential for fatigue and 

thermal cracking.  

Asphalt paving mixtures are used as surface or base layers in a pavement structure to distribute 

stresses caused by loading and to protect the underlying unbound layers from the effects of 

water. To adequately perform both of these functions over the pavement design life (age), the 

mixture must also withstand the effects of air (oxygen)  and water, resist permanent deformation, 

and resist cracking caused by loading and the environment, Bordea  et al., 2002. 

  Aging is one of most and important  factors that affect performance of asphalt pavement  

because other factors of failure (moisture damage , thermal cracking ,rutting , and fatigue) affect 

certain mode of pavement performance  while aging factor enters as cause  of failure for each 

mode. It is necessary to study aging effects on asphalt and asphalt aggregate mixture separately 

for two reasons .First, during mixing and laydown process, asphalt properties are most affected 

by aging than aggregate; therefore performing aging tests on asphalt only gives ideal about 

performance of asphalt mixture.  Second,    the presence of aggregate mixed with asphalt render 

asphalt behaves in another mode under aging effects, Sarsam and Lafta, 2014.  

Ageing is primarily associated with the loss of volatile components and oxidation of the 

bitumen during asphalt mixture construction (short-term ageing) and progressive oxidation 

during service life in the field (long-term ageing). Bitumen slowly oxidizes when in contact with 

air (oxygen) increasing the viscosity and making the bitumen harder and less flexible. The 

degree of viscosity is highly dependent on the temperature, time and the bitumen film thickness. 

Excessive age hardening can result in brittle bitumen with significantly reduced flow 

capabilities, reducing the ability of the bituminous mixture to support the traffic and thermally 

induced stresses and strains, which contribute to various forms of cracking in the asphalt 

mixture, Brown et al., 1995. 

 

2. BACKGROUND 

Ageing of bituminous binders in asphalt mixtures is well studied because of its effect on the 

mechanical performance of the binder and the durability of the asphalt pavement. Since some of 

the most important rheological properties of bitumen depend on the chemical constitution, 

Simpson et al., 1961, and the ageing mechanism affects the chemical composition it is clear that 

also the rheological properties of the binder will change. Jamieson and Bell, 1995, found a good 

correlation with aged road mixtures from 14 to 19 years old pavements, when the long-term step 

was extended from 4 to 8 days. They concluded that the short-term oven aging (STOA) method 

showed an equivalence of 0-2 years and the long-term oven aging (LTOA) method up to 5-15 

years, depending on the climate.  

Harvey and Tsai, 1997, conducted a laboratory study to investigate the influence of long-term 

oven aging on the fatigue of asphalt concrete beam specimens using controlled-strain loading. 

They used two sources of asphalt AR-4000 and one type of aggregate. Their results show that 

aging is sensitive to the type of asphalt used and that stiffness increase associated with aging 

does not necessarily reduce the beam fatigue life. The application of the beam fatigue and 

stiffness results in the analysis of thin and thick pavement sections indicated that aging 
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prolonged the fatigue life of the pavement structure, Korsgaard et al., 1996. Oxidized 

compacted mix specimens (5% bitumen, 1.1-5.8% air voids) using the pressure ageing vessel 

(PAV) test developed under the SHRP research program for oxidizing bitumen. They oxidized 

the mix specimens at 100°C and 2.1 MPa of air for up to 72 hours. The penetration and softening 

point of the extracted bitumen were measured. They reported that the rate of oxidation of pure 

bitumen (presumably as 3.2 mm films) was 4 times faster than that of bitumen in the mix.  

Hachiya et a.,l 2003, prepared compacted slabs of dense mix and cut them into 20x40x250 mm 

beams. They oxidized these in an oven at 70°C for up to eight hours and measured the flexural 

strength, strain at failure and stiffness of the mix at –10° to 30°C. They also carried out oxidation 

experiments at 60°C in a pure oxygen atmosphere for up to 20 days. The laboratory results were 

compared with data from samples exposed outdoors for up to five years, showing similar trends 

(though with quantitative differences); and conclude that a combination of the two oxidation 

methods would be most suitable. Their data seem to show that measured flexural properties were 

relatively insensitive to oxidation time (as opposed to test temperature). Though the authors do 

not correlate laboratory oxidation time to field ageing period, their data suggest that five days’ 

exposure to pure oxygen at 60°C is approximately equivalent to 3 years’ field ageing, based on 

flexural properties over 0°C. 

 

3. MATERIAL CHARACTERIZATION 

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

using routine type of tests and results were compared with State Corporation for Roads and 

Bridges Specifications (SCRB, R/9 2003). 

 

3.1 Asphalt Cement 

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

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

 

3.2 Aggregate 
The aggregate used in this work was obtained from Al-Nibaie quarry; it consists of crushed 

quartz, hard, tough, grains, free of injurious amount of clay, loam or other deleterious 

substances. This aggregate is widely used in Baghdad city for asphalt concrete mixes. The coarse 

and fine aggregates used in this work were sieved, and recombined in the proper proportions to 

meet the wearing course gradation as required by specification (SCRB, R/9 2003). The physical 

properties and selected gradation curve for the aggregate are presented in Table 2. and Fig. 1. 

 

3.3 Filler 
The filler is a non-plastic material that passing sieve No.200 (0.075mm). In this work, the control 

mixes were prepared using ordinary Portland cement (from Tasluga factory) as a mineral filler at 

a content of 7 percent, this content represent the mid-range set by the SCRB, 2003 specification 

for the type IIIA mixes of wearing course. The physical properties of the filler are presented in 

Table 3. 

 

4. PREPARATION OF MIXTURES  

Three types of mixtures have been prepared in the study using Marshall Method, control mixture; 

short and long- term aged mixtures.  
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4.1 Preparation of Control Mixture  
The efficiency of mixing procedure depends on providing homogenous mix and uniform coating of 

aggregate with asphalt. Asphalt mixtures were prepared in this investigation as follows: The 

aggregates are washed, dried to a constant weight at 110 ºC, and then sieved. The combined 

aggregate was heated to a temperature of (160 ºC) before mixing with asphalt cement. The asphalt 

cement was heated to a temperature of (150 ºC) to produce a kinematic viscosity of (170±20) 

centistokes. Then, asphalt cement was added to the heated aggregate to achieve the desired 

amount, and mixed thoroughly by hand for 2 minute until all aggregate particles are coated with 

asphalt cement.  The Marshall Mold assembly were (101.6 mm) in diameter and (63.5 ±1.27 mm) 

in height. Spatula and compaction hammer were heated on a hot plate to a temperature between 

(90-150 
o 

C). The asphalt mixture was placed in the preheated mold and it was then spaded 

vigorously with the heated spatula 15 times around the perimeter and 10 times in the interior. The 

temperature of the mixture immediately prior to compaction was between (140-150
o 

C ). Then, 75 

blows on the top and bottom of the specimen were applied with a compaction hammer of 4.535-

kg sliding weight, and a free fall of (457.2 mm). The specimen in mold was left to cool at room 

temperature for 24 hours and then it was removed from mold by using sample extractor. The 

asphalt concrete was prepared as per AASHTO, 1994 procedure.  

4.2 Preparation of Aged Mixture  

Aging of mixture was conducted in accordance to AASHTO, SP2 2002. The short-term mixture 

conditioning for the mechanical property testing procedure is designed to simulate the plant-

mixing and construction effects on the mixture. The long-term mixture conditioning for the 

mechanical property testing procedure is designed to simulate the aging the compacted mixture 

will undergo during seven to ten years of service. 
 

4.2.1 Short-term aging 

The same procedure to prepare the control mixture was adopted; but after preparation of the 

mixture, the loose mix was placed in a pan, and spread to an even thickness ranging between 25 

and 50 mm. the mixture in pan was placed in the conditioning oven for (4, 8) hr. at a temperature 

of 135 °C and Stir the loose mix every 60 minutes to maintain uniform conditioning. After aging 

process, the loose mix was removed from the forced-draft oven. The conditioned mixture is 

compact by Marshall Hammer in the same procedure as that of virgin sample.  
 

4.2.2 Long-term aging 

In order to simulate long-term aging of HMA that occurs during the pavement service life, 

Marshall sized compacted specimens prepared from mixtures exposed to short-term aging were 

placed in a forced-draft oven at 85°C for (48,120) h. At the end of the aging periods, the oven is 

switched off and left to cool to room temperature before removing the specimens. The specimens 

were not tested until at least 24 h after removal from the oven. 
 

 

5. EXPERIMENTAL WORK 

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

concrete mixes using the Marshall mix design method .Table 4 shows that the optimum asphalt 

content (O.A.C) for asphalt concrete mixture of 4.7% and the performance properties.  

 

5.1 Marshall Test Method 

This method covers the measurement of the resistance to plastic flow of cylindrical specimens of 

bituminous paving mixtures loaded on the lateral surface by means of the Marshall apparatus 

according to ASTM (D 1559). Marshall Stability and flow tests were performed on each 

specimen. The cylindrical specimen was placed in water bath at 60 ˚C for 30 minutes, then 
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inserted into the testing device and then compressed on the lateral surface at constant rate of 

(50.8mm/min) until the maximum load (failure) was reached. The maximum load resistance and 

the corresponding flow value were recorded. The bulk specific gravity and density ASTM (D 

2726), theoretical (maximum) specific gravity of void-less mixture were determined in 

accordance with ASTM (D 2041). The percent of air voids was then calculated.  

 

5.2 Indirect Tensile Strength Test 
Specimens were prepared by Marshall Method and tested for indirect tensile strength according to 

ASTM (D 4123). The prepared specimens were cooled at room temperature for 24 hours, 

immersed in a water bath at different testing temperatures (25 and 40 ˚C) for 30 minutes. Then 

they were tested by Versa-Tester using a 1/2 in. (12.5 mm) wide curved, stainless steel loading 

strip on both the top and bottom, running parallel to the axis of the cylindrical specimen which 

was loaded diametrically at a constant rate of 2 in/min. (50.8 mm/min.) until reaching the ultimate 

loading resistance. The indirect tensile strength (ITS) was calculated, as follows: 

 

ITS  =  
   

     
                                                                                                           (1) 

 

where: 

ITS = indirect Tensile Strength, MPa 

P = ultimate applied load (N). 

t = thickness of specimen (mm), 

D = diameter of specimen (mm). 

  

5.3 Indirect Tension Repeated Load Test  
The Indirect Tension repeated loading tests were conducted for cylindrical specimens, 101.6 mm 

in diameter and 63.5 mm (2.5 inch) in height, using the pneumatic repeated load. In these tests, 

repetitive compressive loading with a stress level of 20 psi was applied in the form of rectangular 

wave with a constant loading frequency of 1 Hz (0.1 sec. load duration and 0.9 sec. rest period) 

and the axial permanent deformation was measured under the different loading repetitions. All the 

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

method for this test can be found elsewhere, Albayati, 2006. The permanent strain (εp) is 

calculated by applying the following equation: 

 

       p =
h

pd 610*
                                                                                         (2)                                                 

where 

εp= axial permanent microstrain 

pd= axial permanent deformation 

h= specimen height 

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

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

 

r =
h

rd
                                                                                                             (3) 

Mr = 

r

                                                                                                            (4)                                                       
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where 

εr= axial resilient microstrain 

rd= axial resilient deflection 
h= specimen height 

Mr= Resilient modulus 

σ = repeated axial stress 

εr= axial resilient strain 

 

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

relationship between the number of load repetitions and the permanent micro-strain with the form 

shown in Eq.6 below which is originally suggested by Monismith et. al., 1994, and Barksdale 

1972. 
 

       p=aN
b
                                                                                                     (5) 

 

where 

εp= permanent strain 

N=number of stress applications 

a= intercept coefficient 

b= slope coefficient 

 

6. RESULTS AND DISCUSSION 
6.1 Effects of Aging Time on Marshall Properties 

The variation of Marshall Properties with aging time is shown in Fig.2  which is based on the data 

presented in Table 5. Marshall Stability gives the indication about the resistance of asphalt 

mixture to permanent deformation; a High value of Marshall Stability indicates increased 

Marshall Stiffness. Figure (2-a) shows the effect of short and long term aging periods on Marshall 

Stability of asphalt mixture, and it can be observed that the short and long term aging of asphalt 

mixture increase the Marshall Stability values. The Marshall stability after 8 hr short aging is 

higher than that of control mixture by 52.2%. In the case of long term aging of 5 day, the stability 

increase by 66% as compared to control mixture. This may be attributed to the loss of volatiles 

which makes the asphalt concrete more stiff and can resist the deformation. From fig (2-a) it 

found that Marshall stability for mix that exposed to 8 hr short aging is equivalent to that at 2 day 

long aging. Figure (2-b) shows the effect of short and long term aging periods on Marshall Flow 

asphalt mixture. It can be observed that the short term aging of asphalt mixture reduced the 

Marshall Flow values, and also the flow value for long term aging reduced more than short term 

aging. these reduction may be related to that the aging process make the mixture more stiffer than 

control mixture and also may be related to the good interlocking offered by asphalt binder and 

coarse aggregate particles and the reduction in fluidity of the binder. 
Air void in the mixture is an important parameter because it permits the properties and 

performance of the mixture to be predicted for the service life of the pavement and percentage of 

air voids is related to durability of asphalt mixture. Figure (2-d) shows the effect of short and long 

term aging on voids in total mix (VTM) percent’s for asphalt mixture investigated .It is clear from 

Figure that the air void is increased with increased aging time and the  8 hr. short term aging have 

VTM more than 2 day long term aging but less than 5 day aging. This may be related to the loss 

of volatiles and reduction in asphalt volume. Test results agrees well with Sarsam, 2007. 

6.2 Effect of Aging Time on Indirect Tensile Strength Test 

The indirect tensile strength test is used to determine the tensile properties of the asphalt concrete, 

which can be further related to the cracking properties of the pavement. Fig. 3 shows Effect of 

aging times on ITS @25 
0
C for asphalt mixture. Results indicated that indirect tensile strength 



Journal of Engineering Volume    20    December -  2014 Number  12 
 

 

7 
 

was 1471 KPa, these value increased during short term aging process. For 8 hr. aging, the ITS 

shows (34.1%) increment more than that of control mixture. While After 2 day aging the ITS give 

lower value than 8 hr. aging by 3.5% ,this indicate that 8 hr. aging have more severity than 2 day 

aging ,ITS was increased by (13.4%) at 5 days aging when compared to 2 days aging . Results 

agrees well with Sarsam, 2007, and  Sarsam and Lafta 2014 work. 

 

6.3 Effect of Aging on Resilient Modulus Test  
Table 6 shows Resilient Modulus value for mixture with asphalt cement. It was observed that the 

resilient modulus increased with increased aging period , such increment may be related to 

increase in stiffness. Higher resilient modulus results will generate great rutting resistance 

development in the asphalt pavements. 

 

6.4 Effect of Aging on Resistance to Permanent Deformation 

The result of permanent deformation tests is shown in Fig.4 which is based on the data presented 

in Table 7. The analysis of permanent deformation in this study is based on intercept, slope 

parameters. The slope of control mixture was higher than that of mix with 8 hr. short term aging 

by approximately 3.3%, and higher than 5 day long term aging by approximately 9.3% as 

compared with control mix. From the table below, the intercept value is decreased as the aging 

time increases for various type of asphalt, this mean that the aging have lower micro-strain at first 

load cycles. Results are in agreement with, Sarsam and AL-Zubaidi, 2014 findings.  
 
7- CONCLUSIONS  

1. The aging of asphalt concrete mixture lead to changes in the mixture properties, the 8 hr. short 

term aging causes the Marshall stability, indirect tensile strength at 25 
o 
C and resilient modulus to 

be increased by 52.2%, 34.1%, and 20.6% respectively as compared with control mixture. The 

permanent deformation decreased by (33.4%) as compared with control mixture. 
 

2. The 5 day long term aging causes, the Marshall stability, indirect tensile strength at 25
o
C, and 

resilient modulus to be increased by 66%, 46.7%, and 40% respectively as compared with control 

mixture while, permanent deformation decreased by(53.6%) as compared with control mixture.  

3.The 8 hr. short term aging period has an equivalent effect on the properties of asphalt concrete 

as compared to that of 2 day long term aging. 
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Table 1. Physical properties of asphalt cement. 

           Property Unit 
ASTM 

Designation 
Test Results 

SCRB, 2003  

Specifications 

Penetration  (25˚C, 100 gm, 5sec) 0.1  mm D 5 41 40-50 

Softening point (ring & ball). 
o 

C D 36 49.4 -------- 

Ductility (25˚C, 5 cm/min). cm D 113 >100 >100 

Flash point (cleave land open cup) 
o 

C D 92 275 >232 

Residue from thin film oven test 

Retained Penetration of Residue 

Ductility of Residue 

Loss on Weight % 

 

% 

cm 

% 

D-1754 

D 5 

D 113 

D 1754 

 

66 

87 

0.3 

 

>55% 

>25% 

< 0.75 

 

Table 2. Physical properties of aggregates. 

Property Value ASTM Designation No. 

Coarse aggregate 

Bulk specific gravity 2.584 ASTM C 127 

Apparent specific gravity 2.608     ASTM C 127 
 

water absorption % 0.57% ASTM C 127 

Wear % (Los Angeles abrasion) 13.08% ASTM C 131 

Fine aggregate 

Bulk specific gravity 2.604 ASTM C 128 

Apparent specific gravity 2.664 ASTM C 128 

% water absorption 1.419% ASTM C 128 

 

 

 
Figure 1. Selected aggregate gradation and specification limits. 
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Table 3. Physical properties of portland cement. 

Property Physical properties 

%  Passing Sieve No. 200 96% 

Specific Gravity   3.14 

 

 

Table 4. Properties of asphalt mixture with the optimum asphalt content. 

 

Table 5. Summary of the Marshall Properties of asphalt concrete mixes at optimum asphalt 

content. 

Aging Type 
Aging 

Time 

Marshall 

Stability KN 

Marshall flow 

(mm) 

Bulk 

Density 

(gm/cm
3
) 

VTM 

(%) 

VFA 

(%) 

VMA 

(%) 

Control  11.05 3.302 2.359 3.8 73.3 14.4 

Short term aging 

time 

(hours) 

4 hr. 13.93 2.54 2.321 4.4 72.0 15.8 

8 hr. 16.82 2.032 2.295 5.6 66.3 16.7 

Long term aging 

Time 

(days) 

2 day 15.79 2.032 2.306 5.21 68.1 16.3 

5 day 18.31 1.778 2.285 5.8 65.7 17.1 

 

  

 

 

 

 

 

 

Marshall properties value SCRB, 2003  Specification limit 

Optimum asphalt content % 4.7 ---- 

Stability KN 10.87 8 KN min. 

Flow mm 3.21 2-4 mm 

Bulk density  gm/cm
3
 2.351 ----- 

Air void in total mix % 3.549 3-5% 

VMA % 14.724 14 % min. 

VFA % 73.88 ---- 
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Figure 3. Effect of aging times on ITS @25 

0
C for asphalt mixture. 

 

Table 6. Effect of aging time on resilient modulus value. 

Aging time Control mixture 
Short term aging Long term aging 

4 hr. 8 hr. 2 day 5 day 

Mr (psi) 31373 32653 33823 34043 37209 

 
 

Table 7. Effect of aging time on permanent deformation test results. 

Aging time 
Control mixture Short term aging Long term aging 

0 hr. 4 hr. 8 hr. 2 day 5 day 

Intercept  268.15   241.77   198.31 190.55   167.22 

Slope 0.4617 0.4571 0.4465 0.4369 0.4188 

 

 
Figure 4. Effect of aging time on permanent deformation. 
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ABSTRACT 

     Some structures such as tall buildings, offshore platforms, and bridge bents are subjected to 

lateral loads of considerable magnitude due to wind and wave actions, ship impacts, or high-speed 

vehicles. Significant torsional forces can be transferred to the foundation piles by virtue of eccentric 

lateral loading. The testing program of this study includes one group consists of 3 piles, four 

percentages of allowable vertical load were used (0%, 25%, 50%, and 100%) with two L/D ratios 20 

and 30, vertical allowable load 110 N for L/D = 20 and 156 N for L/D = 30. The results obtained 

indicate that the torsional capacity for pile group increases with increasing the percentage of 

allowable vertical load, when the percentage of allowable vertical load was 100% and L/D ratio (20) 

the torsional capacity for pile group increases about 42% if compared with the torsional capacity 

when the percentage of allowable vertical load was 0% for the same L/D ratio. Also increasing L/D 

ratio leads to increasing the torsional capacity of pile group, when the percentage of allowable 

vertical load is 100% and L/D ratio (30), the torsional capacity for pile group increased about 51% if 

compared with torsional capacity when L/D ratio was (20) for the same groups and the same 

percentage of allowable vertical load. At failure the twist angle for pile group remain constant 3° 

when the percentage of allowable load change from 0% to 100 and L/D ratio 20, while it decreases 

from 2.9° to 2.7° when the percentage of allowable load change from 0% to 100% respectively and 

L/D ratio 30. 

Key words: torsional load, twist angle, percentage of allowable vertical load, pile group 

انعمىدٌ انمسمىح به ونسبه طىل انركُزه انً قطرها عهً سهىك مجمىعة انركائز انمتعرضه انً تأثُر انحمم 

 الانتىاء

بشري سهُم انبىسىدهد. عمر َاسن انمشهذانٍ  

 باحث

خايعت بغذاد -كهٍت انُٓذسّ  

 اسخار يساعذ

خايعت بغذاد -كهٍت انُٓذسّ  

 

 انخلاصه

ثااس ٔ أَ، خاَبٍت بسبب انشٌاذ ،الأيٕاج حًال أ، إنى اندسٕسٔ انًُصاث انبحشٌت ، ،خعشض بعط انٍٓاكم يثم انًباًَ انعانٍت ح

بحكى  يدًٕعت انشكائضكبٍشة إنى  أحًال . ٌُخح عٍ رانك اَخقال، أٔ انًشكباث عانٍت انسشعتانُاحدّ عٍ اصطذاو انسفٍ بدسٕس 

يٍ انحًم  أسبعت َسباسخخذيج ،  سكائض 3يدًٕعت ٔاحذة حخكٌٕ يٍ  ٓزِ انذساسّن بشَايح انفحص خضًٌٍ ..انخحًٍم انداَبً

) انحًم انعًٕدي  ، 30 ٔ 50َسبخاٌ يٍ طٕل انشكٍضِ انى قطشْا ٪ ( يع  000٪ ، ٔ  20٪ ،  52٪،  0)  انعًٕدي انًسًٕذ بّ

 ( 30عُذيا حكٌٕ َسبت طٕل انشكٍضِ انى قطشْا  N 156ٔ  50عُذيا حكٌٕ َسبت طٕل انشكٍضِ انى قطشْا  N 110انًسًٕذ بّ 
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انًسًٕذ بّ، انحًم انعًٕدي ضٌذ يع صٌادة َسبت ح انشكائضًدًٕعت ن ءنخٕالاا قابهٍت يقايتعهٍٓا حشٍش إنى أٌ  انخً حى انحصٕلانُخائح 

 ءنخٕالاا قابهٍت يقأيت صادث ( 50)  طٕل انشكٍضِ انى قطشْا َسبت ٪ ٔ 000انًسًٕذ بّ  انحًم انعًٕديعُذيا كاَج َسبت ف

انًسًٕذ انحًم انعًٕدي عُذيا كاَج َسبت  نُفس يدًٕعت انشكائض ءنخٕالاا قابهٍت يقأيتإرا يا قٕسَج يع  %25انشكائض ًدًٕعت ن

 ءنخٕالاا قابهٍت يقأيتٌؤدي إنى صٌادة  طٕل انشكٍضِ انى قطشْا َسبت صٌادة أٌضا نُفس َسبت طٕل انشكٍضِ انى قطشْا. ٪ 0بّ 

صادث قابهٍت ، 30طٕل انشكٍضِ انى قطشْا  ٪ ٔ َسبت 000 انًسًٕذ بّ  انحًم انعًٕديعُذيا بهغج َسبت ف،  انشكائضًدًٕعت ن

قابهٍت يقأيت الانخٕاء نُفس يدًٕعت انشكائض عُذيا كاَج َسبت  ٪ إرا يا قٕسَج يع  20حٕانً   يقأيت الانخٕاء نًدًٕعت انشكائض

  °3ٔخذ اٌ صأٌت الانخٕاء نًدًٕعت انشكائضعُذ انفشم ًْ . نُفس َسبت انحًم انعًٕدي انًسًٕذ بّ 50طٕل انشكٍضِ انى قطشْا 

انى  °2.9بًٍُا قهج يٍ   ، 50ٔ َسبت طٕل انشكٍضِ انى قطشْا   ٪000ٔ  ٪0عُذيا كاَج  َسب انخحًٍم انعًٕدي انًسًٕذ بّ يٍ 

 . 30ٔ َسبت طٕل انشكٍضِ انى قطشْا  ٪000انى  ٪0عُذ حغٍش َسبت انحًم انعًٕدي انًسًٕذ بّ يٍ   2.7°

 يدًٕعت انشكائض ،َسبت انحًم انعًٕدي انًسًٕذ بّ ،صأٌت الانخٕاء ،قٕة الانخٕاء:  انكهمات انرئسُة

1.  INTRODUCTION  
Pile foundations of some structures, such as tall buildings, bridge piers, offshore platforms and 

electric transmission towers, can be subjected to significant torsional forces due to eccentric lateral 

loading from ship impacts, high-speed vehicles, wind and wave actions, and other sources of 

loading. Inadequate design of the piles against torsional loads may seriously affect the serviceability 

and safety of these structures with catastrophic consequences. The literature reported two cases of 

tall buildings in Miami and in Lubbock (Texas) which had suffered serious damage due to wind 

action and exhibited marked permanent deformations from torsion Vickery, 1979. Another case, 

described by Barker and Puckett 1997, reported the collapse of a support pier of the 6.82km long 

Sunshine Skyway Bridge in Florida caused by the eccentric impact of a bulk carrier. About 395m of 

the bridge fell into the sea, resulting in thirty-five deaths. Therefore, it is important that the strength 

and deformation characteristics of the foundation piles are properly addressed in design in order to 

ensure safety and cost-effectiveness. 

 

2.  MATERIALS  
2.1 Model of Pile Groups 

The models of pile groups used in this research study includes one group consists of 3 circular 

piles connected with Aluminum pile cap of (11.5×11.5×3) cm. The pile is modeled as Aluminum 

closed end tube and fixed head with (15 mm) outer diameter and (2mm) thickness. Two pile lengths 

were used (30, and 45 mm), the spacing between piles is 3d, see Fig.1. The determination of the 

mechanical behavior of the pile material used is very important. The sample was tested in 

accordance with the ASTM (2003) specifications. The results of the mechanical properties of 

aluminum tube used under tensile test are listed in Table 1.  

 

2.2 Soil 

A series of tests was performed on Karbala sand according to ASTM D 422-2001 procedures. In this 

study, the sand soil can be classified (SP-SM) according to the Unified Soil Classification System. 

The grain size distribution curves of sand are shown in Figures (2). The minimum and maximum 

unit weight of sand soil tested was determined according to ASTM D 4253-2000, The results of the 

maximum and minimum unit weights of sand soils are (17.64) kN/m
3
 and (14.53) kN/m

3
 

respectively. The physical properties of the Karbala sand in the Table 2. The density of the sand soil 

used through the experiments was controlled by means of the raining technique. This technique 

includes raining the soil by different heights of drop that give different placing densities. Many 
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investigators such as Lee, et al., 1973 and Sanjeev, 2007 used this technique. It was decided to 

employ unit weight (16.5) kN/m3 of sand soils, which corresponds to the height of drop of (50) cm. 

The relations between heights of drop, density, void ratio and relative density of sand soil shown in 

Fig. 3. 

 

3. SETUP FORMULATION 

Tests were carried out in a steel box with inside dimensions of (800) mm width (800) mm length and 

(800) mm height. The sides and bottom were made of (6) mm thickness plate. Front face of the box 

was includes get with dimensions (400) mm width and (400) mm length. The test box was placed 

over (1000) mm width and (2000) mm length of strong steel base, which was connected to a stiff 

frame of vertical hydraulic jack. Steel loading frame was manufactured to support the piston that is 

used for subjecting vertical load and insert the pile group in the soil. Steel loading frame consists of 

two beams in horizontal direction have (U-section) to allow the piston to move horizontally along the 

beam and two column in vertical direction have (square-section), at the sides of columns found holes 

that are used to help in controlling vertically the distance between the piston and the container 

surface. The soil is prepared in steel box by raining frame. This frame includes Two columns with 

changeable height were designed and manufactured to achieve any desired elevation. The change of 

the frame height is done by holes, from top and bottom. The column was connected with two valves 

to join 4 beams together. These beams are bolted at their ends. Two beams in the longitudinal 

direction have (U-section) and the other beams are used to support the U-section beams. Another 

beam was designed as a roller; it rests on the longitudinal beams to move along these beams. This 

(rolled-beam) is connected from the bottom with another beam, it is provided with screw and it can be 

horizontally moved along the beam; this beam was made to carry the cone that is used to pour the 

sand. This configuration of raining frame helps get a uniform density by controlling the height of fall. 

The rolled beam and the screw that connected with the cone ensure that each particle drops in equal 

height and uniform intensity.The torsional load applied by horizontal hydraulic jack, the horizontal 

hydraulic jack connected with steel plate contain many holes for applied load in any point, this plated 

support on the side edge of box, the load measured by load cell of 5 KN capacity. The corner and 

center displacement measured by two dial gauges (0.01) mm fixed on the middle and corner of the 

pile cap by two magnetic holders. Fig. 4 and Fig.5 show the general view of testing equipment. 

4. TEST PROCEDURE 
The steps followed for performing torsion test on model pile group are summarized as follows: 

1. Soil Preparation:  

a) Prepare the soil by raining technique at the chosen density and the corresponding relative 

density (RD=70% for dense state),  

b) Level the sand surface at final depth when the raining is completed, the level of sand 

layers is checked by leveling tool, 

 

2. Pile Group Installation: 

a) Fix the pile group in the head of vertical hydraulic jack,  

b) The group are instilled in sand by pre jacking method, 

 



Journal of Engineering    Volume    20    December -   2014 Number  12 
 

 
 

16 

 

3. Testing preparation: 

a) Support the allowable vertical load (if any) on the pile group, 

b) Fit the dial gages in the horizontal direction at the corner, at the middle of the pile cap 

while at the vertical direction in the right and left side of the pile cap 

c) Fit the load cell with the horizontal jack and connect it with the digital indicator,  

d) Fix the horizontal jack in the upper edge of the right side of the container to be ready to 

subject the torsion load on the pile cap. 

 

4. Testing:  

a) Now apply the torsion and record the readings of all the dial gages used,  

b) At the end of the test, remove all the dial gages, load cell, horizontal jack, allowable 

vertical load, pile group, and open the gate for removing the sand to prepare the model for 

another test; and 

 

5. Repeat all the above steps in the next test. 

 

6.  Criteria of Failure 
Many references indicate some of the recognized criteria for defining failure loads of piles under 

compressive loads or lateral loads, but no criteria were found in literature to define the failure load of 

torsionally loaded pile or pile group. Therefore we depend on the criteria of failure for lateral loads to 

determine the failure of pile group subjected to torsional load. Some of the failure criteria of laterally 

load pile are stated as follows: 

Mc Nulty, 1956 stated that the pile head deflection under the effect of lateral load depends on the soil 

characteristics and the size of the pile, the suggested allowable design load was taken as the load 

required to produce ¼ inch (6.35 mm) deflection divided by a factor of safety of 3. 

Hopkins, 1956, considerd the allowable deflection for laterally loaded pile can be assumed as only 

1/16 inch (1.6 mm).   

Bowles, 1988, stated that the most lateral piles were usually designed for lateral displacement on the 

order of 6 to 10 mm at the ground line. 

Rahman and Chowdhury, 2003, stated that the load displacement curves were non- linear. Lateral 

failure occurred at a pile head displacement from 4 to 8 mm (0.2D to 0.4D) for L/D ratio 20. 

However, for L/D ratio 30, the lateral failure occurred at a pile head displacement of 6 to 10 mm 

(0.3D to 0.5D). 

In practice, of course, the pile will fail at some stage, normally by the formation of a plastic hinge at 

some point down the pile. Lateral movement of the pile to cause such failure to be generally in excess 

of 10% of the pile diameter, Fleming and Randolph, 2009. 

Therefore to analyze the results of the present work, a load required to produce a horizontal 

displacement in the corner of the pile cap of pile group 0.3D (D=15mm) is considered as failure load. 
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5. RESULTS AND ANALYSIS 
5.1 Effect of Applied Allowable Vertical Load on the Behavior of Pile Group Subjected to 

Torsion. 

Fig. 6 and 7 show the effect of increase in the percentages of allowable vertical load on the variation 

of the torsion load with displacement (that has measured at corner of the pile cap) and twist angle 

for pile group PG3, when L/D ratio was 20, four percentages for the allowable vertical load (0%, 

25%, 50%, and 100%) were used. The torsional capacity for the pile group increases when the 

percentage of allowable vertical load increases due to increase in vertical stress (σv) that leads to 

increase the frictional resistance of pile group and subsequently increase the lateral and torsional 

resistance of pile group correspondingly. At failure (0.3D) when the percentage of allowable vertical 

load is 100%, the torsional capacity increases about 42% if compared with 0% percentage for the 

allowable vertical load, and the twist angle at failure is unchanged (3º) if the percentage of 

allowable vertical load changes from 0% to 100%. 

Fig. 8 and 9 illustrate the torque developed (Torsion Load ×0.0575m where 0.0575m is the distance 

from corner to center of pile cap) in pile group with displacement at corner  and twist angle at 

different percentages of allowable vertical load.  

Fig. 10 shows the effect of percentages of allowable vertical load on the torque capacity at failure for 

pile group when L/D ratio is 20. 

Also Fig. 11and 12 show the variation of the torsion load and torque (Torsion Load×0.0575m) with 

displacement in corner and twist angle of pile group due to the increase in the percentage of allowable 

vertical load. Four percentages of allowable vertical load were used (0%, 25%, 50%, and 100%) and 

L/D ratio is 30. The torsional capacity for pile group increases with the increase in the percentage of 

allowable vertical load due to the increase in frictional resistance of pile group. In this case, at failure 

(0.3D) the torsional capacity when the percentage of allowable vertical load is 100%  increases about 

(70%) if compared with percentage of allowable vertical load of 0%, also the twist angle when the 

percentage of allowable vertical load is 100% is (2.7°) while it is (2.9°) when the percentage of 

allowable vertical load is 0%. 

Fig. 13 shows the effect of the percentages of allowable vertical load on the failur torsion load and 

failure torque of pile group when L/D ratio is (30). 

5.2 Effect of L/D Ratio on the Behavior of Pile Group Subjected to Torsion  

Increasing L/D ratio for piles in the pile group PG3 leads to increasing the vertical stress (σv) and 

frictional resistance for pile group, therefore the torsional capacity increases. Figs. 14 and 15 show 

the effect of L/D ratio on the variation of torsion load with displacement at corner and twist angle of 

pile group when the percentages of allowable vertical load (0% and 100%). At failure (0.3D), when 

the percentage for allowable vertical load 0% the torsional resistance for L/D ratio (30) is 1.51 times 

that of the L/D ratio (20), also when the percentage for allowable vertical load 100% the torsional 

resistance for L/D ratio (30) is 1.78 times that of the L/D ratio (20). The twist angle when the 

percentage of allowable vertical load 0% is (3°) for L/D ratio is (20) and (2.9°) for L/D ratio (30), 

and when percentage of allowable vertical load 100% is (3°) for L/D 20 and (2.7°) for L/D ratio 
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(30), this means the increase in L/D ratio leads to increase the torsional capacity and rigidity of the 

pile group. 

 

6. CONCLUSIONS  
1. The torsional capacity of pile group increases when increasing the percentage of allowable 

vertical load.  

2. The increase in number of piles and L/D ratio leads to increase the torsional capacity of pile 

group. 

3. For all tests the maximum twist angle at failure is 3º for pile group PG3 when L/D ratio is (20) 

and the percentages of allowable vertical load are 0% and 100%, 

4. The torque decreases when the torsion load approaches from center of pile cap and increases 

when the torsion load goes away from center of the pile cap 
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8. NOMENCLATURE 

Cc :   coefficient of curvature 

Cu :   coefficient of uniformity 

D10 :  diameter of particle when percentage of passing is10% 

D30:  diameter of particle when percentage of passing is 30% 

D50:  mean grain size 

D60:  diameter of particle when percentage of passing is 60% 

Gs :  specific gravity  

L/D: length of pile / diameter of pile 

PG3: pile group which consists of 3 piles 

RD:  relative density, % 

σv : vertical stress  
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Figure 1. Pile groups pattern and piles of different lengths (all dimensions in cm). 

 

 

Figure 2. Grain size distribution curves of sand soil. 
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Figure 3.  Relative density, and void ratio vs. height of fall relationship. 

 

 

 

 

 

 

 

Figure 4.  General view of testing equipment. 
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Figure 5.  Pile group subjected to torsion load with allowable vertical load. 
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Figure 6. Effect of percentages of allowable vertical load on variation of torsion load with 

displacement at corner of pile group when L/D ratio is (20). 
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Figure 7. Effect of percentage of allowable vertical load on torsion capacity at failure of pile group 

when L/D ratio is (20). 

 

Figure 8. Effect of percentages of allowable vertical load on variation of torque with displacement at 

corner of pile group when L/D ratio is (20).  
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Figure 9. Effect of percentages of allowable vertical load on variation of torque with twist angle of 

pile group when L/D ratio is (20).  

 

Figure 10. Effect of percentages of allowable vertical load on torque capacity at failure of pile group 

when L/D ratio is (20). 
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Figure 11. Effect of percentages of allowable vertical load on variation of torsion load with 

displacement at corner and twist angle of pile group when L/D ratio is (30). 
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Figure 12. Effect of percentages of allowable vertical load on variation of torqe with displacement 

at corner and twist angle of pile group when L/D ratio is (30). 
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Figure 13. Effect of percentages of allowable vertical load on failure torsion load and failure torque 

of pile group when L/D ratio is (30). 
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Figure 14.  Effect of L/D ratio on the variation of torsion load with displacement at corner and 

angle of pile group when the percentages of allowable vertical load are (0% and 100%). 

 

 

 



Journal of Engineering    Volume    20    December -   2014 Number  12 
 

 
 

30 

 

 

 

Figure 15. Effect of L/D ratio on the failure torsion load of pile group when the percentages for 

vertical allowable load are (0% and 100%).  

 

 

Table 1. Mechanical properties of aluminum tube. 

 

Properties 

Yield Strength 

Fy 

(N/mm
2
) 

Tensile Strength 

Fu 

(N/mm
2
) 

 

Poisson’s Ratio  

ѵ 

Value 150 212 0.3 
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                                 Table 2. Soil properties. 

 

 

 

 

 

 

 

 

 

 

 

Index Properties Values 

Specific Gravity (Gs) 2.61 

D10 (mm) 0.17 

D30 (mm) 0.2 

D50 (mm) 0.27 

D60 (mm) 0.3 

Coefficient of uniformity (Cu) 1.76 

Coefficient of curvature (Cc ) 0.784 

Maximum dry unit weight (kN/m
3
) 17.64 

Minimum dry unit weight (kN/m
3
) 14.53 

Maximum void ratio 0.79 

Minimum void ratio 0.47 

Dry unit weight at testing (KN/m
3
)  16.5 

Angle of internal fraction 43ᵒ 

Soil classification (USCS) SP-SM 
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ABSTRACT 

The political situation experienced by Iraq before the events of 2003 that led to the collapse of 

infrastructure. rebuilding costs were estimated after 2003 by187(million USD) according to the 

estimates of the basic needs as stated in Five-Year Plan 2010-2014. The difficult in financing 

projects and the continuous demands for maintenance and operating cost, and working by 

contemporary styles in different countries, the strategic option is to adopt the government 

entering the private sector as a partner in the development process. Since public _private 

partnership (PPP's) is at a germinating stage of development in Iraq, it has been studied the 

critical success factors(CSF's) in the experiences of countries that have implemented the style 

(PPP's) in infrastructure projects  which can be ensured or controlled in some way and in the 

effective management of those already embarked upon . It should pave the way for enhanced 

decision making in the choice of suitable projects. The mainly aims of this paper are: 

1- To highlight the importance and need of PPP‘s contracts in Iraq. 

2- Establishing a model of CSF's for infrastructure projects in Iraq. collected (87)success 

factors which characterized by the state directly in PPP's projects consists of (8)main 

criteria(Privatization and investment  Policy, Economical , Legal and political  ,Financial 

and commercial, Administration and organizational ,Social and environmental  ,Technical 

and Support , motives and guarantees of government) and found out (40) CSFs among 

them through questionnaire experienced in these projects to work to assess the standards 

and compare them and come to decisions by the decision maker, and therefore have a 

database of views experienced for use in other projects. 

 

Keywords: public private partnerships (PPP's), infrastructure projects, investment tendencies 

critical success factors (CSF's), decision making 

 

 تمهيذ الطريك لمشاركة القطاع الخاص للعام في مشاريع البنى التحتية في العراق

 

 م.م ميرفت رزاق الطائي                                     أ.د انغام عسالذين الصفار                         

 كهُخ انهُذسخ /جبيعخ ثغذاد                                      كهُخ انهُذسخ /جبيعخ ثغذاد                       

 

 الخلاصة

،وانزٍ أنذ انً اَهُبس انجًُ انزحزُخ،رى رمذَش ركبنُف اعبدح 2003ثسجت الاوضبع انسُبسُخ انزٍ يش ثهب انعشاق لجم احذاس 

-2010خًسُخكًب يبوسد فٍ انخطخ انوفمب نزمذَشاد الاحزُبجبد الاسبسُخ  ,يهُبس دولاس 187ثـ 2003الاعًبس ثعذ عبو 

ًسزًشح انزكبنُف ان.فٍ ضىء هزِ انًزطهجبد انًزضاَذح ويبَصبحت رنك يٍ صعىثبد فٍ رًىَم هزِ انًشبسَع و2014

دخىل انمطبع بس الاسزشارُجٍ هى رجٍُ انحكىيخ هف ثمبع انعبنى،فبٌ انخُخزنهزشغُم وانصُبَخ.وعًلا ثبلاسبنُت انحذَضخ فٍ ي

فمذ  ,يشحهخ انًُى ضًٍ فٍ انعشاق (PPP's) هعبورجشثخ يشبسكخ انمطبع انخبص  نش انخبص كششَك فٍ عًهُخ انزًُُخ.رعزج

فٍ يشبسَع انجًُ انزحزُخو انزٍ يٍ  PPP'sعىايم انُجبح انحشجخ فٍ رجبسة انذول انزٍ طجمذ اسهىة  دساسخ رًذ

ضًٍ او رسُطش عهً الاداسح وانزٍ يٍ انًًكٍ اٌ رانًًكٍ اٌ رىفش ثصىسح افضم ربصُشا اكجش عهً َجبح يشبسَع انششاكخ 

ك نزحسٍُ ارخبر انمشاساد انًزخزح لاخزُبس انًشبسَع انًُبسجخ انزٍ يٍ انًًكٍ َجم رًهُذ انطشلا انفعبنخ نُجبح هزِ انًشبسَع

 -يبَهٍ: ثصىسح سئُسُخ, رزضًٍ اهذاف انجحش,سهىة ثهزا الااٌ رُفز 

mailto:anghamalsaffar@yahoo.com
mailto:meervat3@yahoo.com
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 .فٍ انعشاق (PPP's)ذ ًَظ يشبسكخ انمطبع انخبص نهعبوً انزحزُخ رحهًُخ انًطهىثخ لادخبل يشبسَع انجُاثشاص الا -1

 خسبسُلاا عىايمعبيم يٍ ان( 87)رى جًع .ار ربسُس ًَىرط نعىايم انُجبح انحشجخ نًشبسَع انجًُ انزحزُخ فٍ انعشاق -2

 سُبسخ) سئُسُخيعبَُش ( 8)يمسًخ انً  نهًجبششح فٍ يشبسَع انًشبسكخ انزٍ َجت اٌ رزًُض ثهب انذونخ 

عبَُش انذعى يسَخ،اجزًبعُخ وثُئُخ،رمُُخ وفُُخ و، الزصبدَخ،لبَىَُخ وسُبسُخ,يبنُخ ورجبسَخ,اداوانخصخصخسالاسزضًب

يعشفخ يمذاس الاهًُخ نهزح انًعبَُش يٍ خلال انُجبح انحشجخ  عىايم  يٍعبيم (40واسزُزبط),وانحىافض انحكىيُخ(

ط زمُُى وانًمبسَخ ثُُهب وانخشونا نعًم ٍ هزِ انًشبسَعانشئُسُخ  ورشرُت اونىَبرهب يٍ خلال اسزجُبٌ روٌ انخجشح ف

 لاسزفبدح يُهب فٍ يشبسَع اخشي. نوثبنزبنٍ َكىٌ لبعذح يعهىيبرُخ لاساء روٌ انخجشح ثبنمشاساد ثىاسطخ يزخز انمشاس, 

 
1. INTRODUCTION 

The criticisms of the traditional method of procurement are known and documented in many 

literatures and researches. Such issues include delay in time, cost overrun, lack of single point 

responsibility, tendency to adversarial relationships, lack of utilization of construction 

knowledge, backwardness in innovation, among others. The private sector in the world is 

increasingly getting more involved in the provision of public infrastructure and services across a 

wide range of industries and sectors in order to alleviate the spending on governments‘ budgets. 

Over recent years the interest in adopting public private partnerships (PPP‘s) has increased 

internationally. Many research studies have presented positive reasons for the governments and 

the private sector to welcome this form of procurement, rather than continue adopting the 

traditional options. A PPP‘s can provide a number of benefits to the public sector such as:  

1. Speedy, efficient and cost-effective delivery of projects;  

2. Creation of added value through synergies between public sector and private sector, in 

particular, through the integration and cross-transfer of public and private sector skills, 

knowledge and expertise;  

3. Alleviation of capacity constraints and bottlenecks in the economy through higher productivity 

of labor and capital resources in the delivery of projects;  

4. Competition and greater construction capacity; 

5. Accountability for the provision and delivery of quality public services;  

6. Innovation and diversity in the provision of public services; and  

7. Effective utilization of state assets to the benefit of all users of public services. 

 

2. IRAQ INVESTMENT TENDENCIES AFTER 2003 

Encouraging private sector for the good deed in economical development will reduce the burden 

left on state shoulders and will contribute to attract more unemployed hands through achieving 

more economical bases variations. After the 2003 war, several laws went into effect improving 

Iraq‘s business environment and changed the legal regime attracting foreign investment and 

allowing foreign investors national compliant treatment. The following are the Iraqi investment 

tendencies after 2003.:- 

2.1 Constitution of Iraq 2005(al-Waqā'i 'al-'Irāqiyah,2005) 

The most important state investment tendencies in Iraqi new constitution(2005) which concerns 

with these issues that comes in  the constitution articles with direct touching in organizing the 

economical affairs ,which concentrate on the investment issue especially in the following: 

Article 112-second: Refers to (depending on new marketing technical principle encouragement 

of investment, because by changing the economical order from socializing to capitalizing and 

encourage the adventure towards marketing economics spontaneous stricter through the offer and 

demand ways). 

Article 111: Oil and gas dominated by the Iraqi people to all regions and governments; the 

fortunes is owned by the government to people; the state view has changed in possessing the 

natural fortunes from the state possessing to people possessing. 
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Article 25: Iraqi state guarantees reforming its economic according the modern economical 

foundation, which ensure its full sources investment, varying its sources, encouraging special 

sector and developing it. 

Article 26: Iraqi state guarantee encouraging investment in different sectors, and organized by 

law, the investment will be according to marketing economics, so that the state will take the 

investment supporting role which will complete through especial sector not the investor role. 

Article 23: The special possessive reserved by low and the owner has the right to get benefit by 

his possessing and uses it and disposal it. 

Article 23-second: It is impossible to take the property dispossess of the owner by force except in 

general benefit (public fair) benefits in opposite to fair compensation. 

Article 23- third: Iraqi has the right to possess any thing every where in Iraqi land. 

Article 24: Special and local education is guaranteed and organized by role. 

 

2.2 Iraqi Investment law I.I.L(, al-Waqā'i 'al-'Irāqiyah,2006) 

Iraqi parliament gives the agreement on the (I.I.L) NO.13 2006 on October, and becomes valid 

from January 17-2007, this law encourages both local and foreign private investors to invest in 

the country and which protects investors' property rights. The investments do not include 

investment less than 250 000 USD and awards fundamental privilege and guarantees include: 

1. Exempts approved investment projects from certain taxes and fees for at least 10 years; 

2. Allows investors to repatriate investments and profits from investments ; 

3. Allows investors to rent or lease land for the whole period of an investment project, 

4. Allows investors to insure projects with any national or foreign insurance company; 

5. Permits investors to open accounts in Iraqi or foreign currency or both at Iraqi banks or at 

banks outside Iraq. 

 

2.3 International convention action with Iraq(2007) 

In May 3
rd

 _2007 the prime minister (Noori Almaliki) has released and the united nation 

secretary general (Ban Q Mun), the international convention action with Iraq in Sharm Alsheikh, 

this convention is an action released by Iraqi government aims to hold new partnership between 

Iraq and international community, the purpose of this action to achieve national vision to Iraq 

aims to support peace and to achieve political, economic and social development through coming 

five years, it has been taken the investment and reformation program in details. the aims of the 

development of private sector and encouraging investment are: 

1. To create a suitable environment for private investment and to find work chances. 

2. To confirm sovereignty of law in financial and commercial fields. 

3. To develop the justice system and law abilities in this field to ensure protection for private 

ownership and credibility of contracts. 

4. To a plicate investment law and to issue and a plicate a new commercial law. 

5. Improve and facilitate establishing commercial works, workers employment property 

registration, gaining loans, dealing with license and over boarders‘ trade, , 

6. Improving finance for private sectors, especially for small and medium companies. Including 

loans assurances, good aspects of finance including small and medium companies , 

7. Listing lawful texts within the legislation and instructions of general contracts to encourage 

public private partnership. 

8. Joining the economical cooperation and investment organization for Middle East and North 

Africa which are interested in private sectors and encouraging investment. 
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2.4 National development strategy in Iraq (2010-2014) 

It displayed the preferences strategies to rebuild and develop Iraq, we fixes the goal for the 

purpose of achieving the fundamental national view in regaining Iraq its suitable rank in the 

international community as continental economical flourish power, opened on all marketing 

economics. Under chapter 11, the Objectives and Means of Achieving the vision "An interactive, 

participatory, and competitive private sector that supports sustainable growth, are:- 

Objective1: Enhancing the Private Sector‘s Developmental Role: 

1. Increasing its percentage contribution in gross domestic product generation and capital 

formation. 

2. Increasing its percentage contribution in job creation by the scope of the private sector. 

3. As private sector savings are key sources for funding plan projects, 

4. Making the private sector a source for diversification of commodity supply using the method of 

private integrated industrial Complexes. 

Objective2:  Partnership between the Private and Public Sectors: 

1. Determining the forms of partnership and choosing the most appropriate, 

2. Legislating and activating a privatization law. 

3. Establishing support for technological projects and expanding their adoption. 

Objective3:  Promoting an Environment that Encourages Investment: 

1. Adopting flexible policies that respond to local and international economic changes. 

2. Expanding establishment of economically feasible shareholding companies 

3. Completing the law and regulation system that supports the private sector and the economy 

4. Developing banking systems, capital markets, and lending plans 

5. Updating economic regulations that support a market economy, 

6. Relying on transparency as the basic premise for building the investment relationship between 

the private sector and the state 

7. Developing the government institutions‘ capabilities,  

Objective4: Privatizing of Public Sector Projects 

1. Developing the Iraqi stock market from an administrative, technical, and technological 

perspective. 

2. Instituting a flexible and transparent privatization law that protects state and worker rights, 

3. Offering stocks for public subscription , 

4. Providing workers with a portion of the shares of the companies sold 

Objective5:  Developing the Banking Systems and Supporting Financial Institutions 

1. Liberating interest rates and exchange rates and reducing restrictions on the flow of capital 

2. Developing financial risk management technologies and systems to mitigate the impacts of 

said financial risk 

3. Revitalizing private banks to promote the effectiveness of the private sector‘s financial 

transactions 

4. Strengthening banking systems‘ technical and guidance roles to provide support and financial 

advice to private sector investors. 

Objective6:  Developing the Private Sector‘s Competitive and Export Capabilities 

1. Examining potential export markets and creating a database thereof 

2. Completing the export infrastructure consisting of cold storage, cargo shipping…etc, 

3. Focusing on quality, packaging, and marketing,  

4. Orchestrating extensive marketing campaigns in regional and international markets, 

5. Developing business partnerships with the various economic blocs to enhance trade, 

Objective7:  Strengthening the Private Sector‘s Role in Regional Development 
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1. Distributing roles between the state and province on the one hand, and the private sector on 

the other hand 

2. Promoting decentralization in the management of development facilities, 

3. Activating the private sector‘s role in developing slow-growing provinces, 

4. Encouraging the private sector to participate in province development plans.  

 

2.5 Infrastructure law in Iraq 

The draft has been put in 2009 in order to do the strategic projects execution like (ports, hospital 

and rebuilding the establishment and substructure of vital projects) which effect on social and 

economical life .The costs of achieved projects must be paid for the execution companies during 

not more than five years from handing the project over date, or any agreed period not less than 

five years .in order not to bear debts of the execution projects the law limits of sum of the 

contracts by 70000 million dollars .establishing the infrastructure raise the projects economical 

value, which represent their production and their services an opening to infrastructure projects 

and to the projects stand its production on the services which supplied by the infrastructure. 

Never the less this law does not appear for reasons for other side concerning: 

1. Open the corruption and wasting funds. 

2. Drowning Iraq into debts. 

The international development studies center reveal (in London)that infrastructure law in Iraq 

will contribute to increase the Iraqi exhausted economy burdens with debts and interest without 

any guarantees protect Iraqi people development rights. 

 

3. INVESTMENT ENVIRONMENT CHALLENGES IN IRAQ  

In spite of present investment environment distinguished, especially by investment law (2006), 

containing many of necessary motives, but the challenges still face the investors are:- 

1. inflexibility of administration state in required interaction and the absence of working by one 

window, in addition to that ,there are miscellaneous items approved represented by discovering 

administration  

2. Weak commercial banks, which could by high flexibility fast responsibility for investment 

requirement in addition to weak of insurance companies presence. 

These factors contribute to make the investment environment weak comparison with other 

countries. When we review to surveying have done by international bank 2014 (doing business in 

Iraq) see Fig.1.The World Bank ranks Iraq 166th out of 183 countries in its ―Doing Business 

2011‖ behind even Haiti and Zimbabwe to 151
th

 out of 189 countries in its ―Doing Business 

2014‖, and thus still indicates a very serious situation.  

In particular, survey of the ease of doing business around the world, the worst ranking of any 

country in the Middle East., Iraq ranked 128th globally in terms of ―protecting investors‖ and 

142th in ―enforcing contracts‖. The World Bank scored it 4.3 out of 10 on its ―strength of 

investor protection index‖. The survey notes that court proceedings to enforce contracts in Iraq 

require 51 procedures taking an average of 520 days. By contrast, Singapore, which topped the 

global ranking, requires 13 procedures, which take 150 days. So we found the survey solution 

reflects the high hard degree in using economical activities. 

Table1.showing the ranking of Iraq according to mainly ten index about starting business, Where 

the government administration incapable to create a suitable and encouraging circumstances to 

bring qualified businessmen and contractors. 

It is noteworthy to compare Iraqi investment environment and ranks relative to comparator 

economies and relative to the regional average, see Fig. 2, by using the economic survey data 

which presented by The International Bank for Reconstruction and Development, international 

http://www.iraq-businessnews.com/2010/11/09/world-bank-slates-iraqs-business-environment/
http://www.iraq-businessnews.com/2010/11/09/world-bank-slates-iraqs-business-environment/
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bank,2014.we found a big difference refers to that Iraq relatively represent a difficult investment 

environment. 

  

4. SITUATION OF INFRASTRUCTURE FACTS IN IRAQ  

In 2010, after the new investment law was passed the private finances including investment 

contracts in some major infrastructure and residential projects were estimated over $40 billion in 

all sectors see Fig.3. Since 2009 Iraq has attracted investments worth $23 billion, National 

Investment Commission,2009. 

Dr. kamal (Iraq institute for economic reform) has revealed in practical study including public 

sector during 2007, the negative effective factors in retardation of execution, we found in 

Table2.schedule number of factors, for example 91%of state administrations think that the 

negative effective factor is the late to prepare the site for working commencement. Dr. kamal has 

perform two studies once in 2008,and the other 2011 ,which the images doesn‘t differs so much 

than 2008 but many details about worse execution matters embodied by the following:- 

A- outer factors(the factors don‘t affect on foundation disability) : represented by  

1.security circumstance influences  

2.supervision foundations standard obstacles, 

3.absence of infrastructure projects 

4.general budget agreement delay 

5.Inflexible rules and arrangement. 

6.Law domination weaker because of exceptional circumstances of political operation faces. 

B- Interior factors (specialized by productive foundation for services) ,this factors lead to project 

delay and in consistency. Represented by: 

1.Good leader ship required weakness implementation (decision making transparency, 

Depending on adequate (qualified person), Remote planning etc). 

2.The weakness leadership reflects on technical knowledge not being found in project 

administration, like tender opening and analysis commission, resident engineer's directorate, 

disability of technical as measuring devices and laboratories.. 

3.Responsibility inducement absence and complication of administration central systems. 

C- Complementary working weakness factors between different foundations. Coordination 

factors between different estate administrations. Its  include for example: 

1.Weakness cooperation between government administrations concerning the land designation. 

2.Weakness of financial allowances decisions (ministry of planning). 

3.Weakness of paying government allowances(ministry of financial) 

4.Opening LC(Central Bank and Iraqi commercial Bank)…..etc 

Rebuilding costs were estimated after 2003 by 187 billion USD for the period 2010_2014 

according to different economical sectors essential needs which represent maximum standard for 

required investment in rebuilding and saving citizen fundamental needs ,they distributed as they 

come according to fifth plan(2010-2014) in the following schedule, It is distributed  in  Table 3. 

Through a historical look, and in light of government obligations toward inflated operating 

expenses, particularly in terms of the magnitude of salaries, pension payments, and expenses 

pertaining to security and price subsidies, the public budget can allocate what corresponds to 30 

percent of these revenues to investment spending, i.e., 117,119 billion dinars or US$100 billion. 

See Table 4. 

The magnitude of investment needed to achieve the plan‘s target growth rate of 9.38 percent 

annually is 217,637 trillion dinars, or US$186 billion. It is anticipated that development partners 

(the domestic and foreign private sector) will fund US $86 billion, which will be spent in the 
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various fields specified by the plan, as well as other activities not set forth in the plan such as 

insurance, banks, and other personal services. See Table 5. 

Government investment as well as domestic and foreign private sector investment will contribute 

to executing the plan‘s aggregate and objectives. Specifically, the government will contribute 

53.7% of investment, with the foreign and private sector contributing 46.2% of investment 

during the years of the plan. 

According to what is presented and working by contemporary styles in different countries. the 

Strategically chosen for rebuilding and rehabilitating the infrastructure projects in Iraq is adapted 

by PPP's contracts to public sectors in accordance of it, the public sector partner  (regulator) 

agreed with private sector partner (provider) to execute the infrastructure projects according 

specification and limited period of time. It is necessary to use this type of contracts to develop 

private and public sectors inside the form of harmony (twin) between local sector and foreign 

sector. 

 

5. PPP's CONTRACTS 

5.1 PPP's definition 

No universally acknowledged and convincing definition of PPP's exists.  One cause lies in the 

complexity, multi-dimensionality and changeability of the concept , Ziekow,2008. Accordingly, 

various definitions are very global and embrace all forms of co-operation between public and 

private actors, Ulli Arnold,2011. 

According to International Monetary Fund, IMF, 2004. public-private partnerships (PPP's) refer 

to arrangements where the private sector shares the risks by supplying infrastructure assets and 

services that traditionally have been provided by the government, see Fig.4 .Partnership is a 

means of mobilizing the energies and talents of diverse sector of society to bring about social 

and economic transformation. The inter-sectoral collaboration between government, the business 

sector and civil society is based on the premises that partners have distinctive assets that can be 

combined in a more productive manner to find long lasting solutions to complex problems, 

Fourie, 2006. 

 

5.2 PPP's forms 

The World Bank and PPIAF Private Participation in Infrastructure (PPI) Project database is 

divided into sectors as follows ,World Bank, 2012.: 

• Energy (electricity and natural gas) 

• Telecommunications 

• Transport (airports, seaports, railways, and toll roads) 

• Water and sewerage (treatment plants and utilities). 

Within these four sectors, the database identifies four types of projects: management and lease 

contracts, concessions, green field projects, and divestitures. and  identifies sub-categories for 

each of the four types of projects- the World Bank classification is depicted in  Table 6. 

1-Management and Lease Contracts - A private entity takes over the management of a state-

owned enterprise for a fixed period while ownership and investment decisions remain with the 

state. There are two subclasses of management and lease contracts: 

 Management contract - The government pays a private operator to manage the facility. The 

operational risk remains with the government. 

 Lease contract - The government leases the assets to a private operator for a fee. The private 

operator takes on the operational risk. 
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2-Concessions - A private entity takes over the management of a state-owned enterprise for a 

given period during which it also assumes significant investment risk. The database classifies 

concessions according to the following categories: 

 Rehabilitate, operate, and transfer (ROT): A private sponsor rehabilitates an existing facility, 

then operates and maintains the facility at its own risk for the contract period. 

 Rehabilitate, lease or rent, and transfer (RLT): A private sponsor rehabilitates an existing 

facility at its own risk, leases or rents the facility from the government owner, then operates 

and maintains the facility at its own risk for the contract period. 

 Build, rehabilitate, operate, and transfer (BROT): A private developer builds an add-on to an 

existing facility or completes a partially built facility and rehabilitates existing assets, then 

operates and maintains the facility at its own risk for the contract period. 

3-Greenfield Projects - A private entity or a public-private joint venture builds and operates a 

new facility for the period specified in the project contract. The facility may return to the public 

sector at the end of the concession period. The database classifies Greenfield projects under the 

following categories: 

 Build, lease, and transfer (BLT): A private sponsor builds a new facility largely at its own risk, 

transfers ownership to the government, leases the facility from the government and operates it 

at its own risk up to the expiry of the lease. The government usually provides revenue 

guarantees through long-term take-or-pay contracts for bulk supply facilities or minimum 

traffic revenue guarantees. 

 Build, operate, and transfer (BOT): A private sponsor builds a new facility at its own risk, 

operates the facility at its own risk, and then transfers the facility to the government at the end 

of the contract period. The private sponsor may or may not have the ownership of the assets 

during the contract period. The government usually provides revenue guarantees through long-

term take-or-pay contracts for bulk supply facilities or minimum traffic revenue guarantees. 

 Build, own, and operate (BOO): A private sponsor builds a new facility at its own risk, then 

owns and operates the facility at its own risk. The government usually provides revenue 

guarantees through long-term take-or-pay contracts for bulk supply facilities or minimum 

traffic revenue guarantees. 

 Merchant: A private sponsor builds a new facility in a liberalized market in which the 

government provides no revenue guarantees. The private developer assumes construction, 

operating, and market risk for the project. 

 Rental: Electricity utilities or governments rent mobile power plants from private sponsors for 

periods ranging from 1 year to 15 years. A private sponsor places a new facility at its own risk, 

owns and operates the facility at its own risk during the contract period. The government 

usually provides revenue guarantees through short term purchase agreements such as power 

purchase agreement for bulk supply facilities. 

4- Divestitures - A private entity buys an equity stake in a state-owned enterprise through an 

asset sale, public offering, or mass privatization program. The database classifies divestitures in 

two categories: 

 Full: The government transfers 100% of the equity in the state-owned company to private 

entities (operator, institutional investors, and the like). 

 Partial: The government transfers part of the equity in the state-owned company to private 

entities (operator, institutional investors, and the like). The private stake may or may not imply 

private management of the facility. These would not be PPPs as defined in this paper. 
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6.  JUSTIFICATION OF PPP's IN IRAQ  

We may limit these justifications as following: 

1.The accelerating technical and economic changes which provide an opportunity for the 

reduction of the costs of projects. 

2.The increasing pressures of competition and the reduction in the rates of growth. 

3.The limitations on the financial, human resources and technology available to the public sector, 

in view of the multiplicity of spheres and projects which are in need of implementation.  

4.The limitation of the financial resources allocated for social development programs, and the 

demands of citizens for improving the services offered by governmental institutions. 

5.To increase the effectiveness and capabilities through adopting the principle of comparative    

advantage and the rational division of labor. 

6.To support the partners by affording they complete solutions required by the nature of the 

problems. 

7.To enhance decision making in the service of the public interest. 

8.To achieve a higher value on the invested capital . 

 

7. REQUIREMENTS OF SUCCESSFUL PARTNERSHIP FOR INFRASTRUCTURE  
For countries that are new at adopting PPP's, it is even more important for them to identify the 

success factors in order to maximize the advantages of this method and to reduce the risks for all 

parties. The concept of ‗Critical Success Factors‘ (CSF's) was first introduced by Rockart 1979, 

Dada,2012.CSF's are ‗those few key areas of activity in which favorable results are absolutely 

necessary for a particular manager to reach his or her own goals‘. Critical success elements are 

significantly important to help firms or organizations to identify key factors that firms should 

focus on in order to be successful in a project ,Hardcastle ,2005. 

Some researchers have been conducted to identify CSF's for project success using quantitative 

measures of various factors. However, these factors are only confined to the project management 

efforts. The same approach also cannot be adopted to cover intangible factors or be used when 

hard performance data are not available. Alternatively, CSF's have also been identified using 

expert opinions. The impact of experience possessed by project key personnel toward project 

outcomes has been widely recognized. A comprehensive literature review to identify the CSF's 

of PPP's has been conducted. Relevant published literature including textbooks, research reports, 

journal articles, conference papers, and internet materials were reviewed thoroughly. Table 7, 

shows a summary of the analysis of these pieces of literature. 

 

7.1 CSF's for infrastructure projects under PPP's model 

To assessing CSF's for the viability of government component includes 87  significant decision 

factors shown in Table 8, grouped and classified according to relevance under eight main criteria  

including (Privatization and investment  Policy ,Economical ,financial and commercial, legal and 

political, social and environmental, technical, administration and organizational and support and 

government incentives). 

 

7.2 Identification CSF's for infrastructure projects under PPP's model in Iraq 

A questionnaire was designed to acquire different views about the CSF's. The respondents (46) 

person, include government sector, private investors, and academic experts who have engaged in 

the PPP's projects. Experts‘ respondents were  requested to rank these factors for success  the  

implementing of PPP projects  according to a five-point Likert scale (1 = Least Important  and 5 

= Most Important). By using statistical program (IBM/SPSS,V20), the researcher analyzed the 

questionnaire answers within three steps: 
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1- Making arithmetic average for factors then arrange them according to their importance. 

2- Having the general average for factors importance according to the analysis of the 

questionnaire. 

3- Limited importance and Significance indexes for factors. 

The evaluation results were shown as Table 8. Delete those factors whose significance indexes 

values are less than 60% and the factors left are critical success factors. For the particular study, 

The researcher taking the most important five ranking factors in order to inviting government 

obligation to fulfill these aims and discussing the briefing description of CSFs 

 

7.3 Brief description of CSF's 

This paper has attempted to summarize the main issues surrounding the development of PPP's 

initiatives for infrastructure projects, and has highlighted the necessary structuring principles to 

strengthen the identification and analysis of that type of projects. Basing on the characteristics of 

CSFs for infrastructure projects under PPP's model and the viewpoints of experts during the 

questionnaire of this study, the priorities of CSF's in PPP's model have ranked as a key issues in 

five ranking under eight main criteria, are: 

1- Privatization and investment  Policy criteria 

The government must be clearly obliged to words PPP's in development of infrastructure 

services. The government controls many of necessary success factors of infrastructure projects 

under PPP's. Nobody can participate or investor or borrower unless it without depending on the 

inviting government which is fixed all the project period. 

the most important five Privatization and investment  Policy criteria factors which  The inviting 

government obligation must fulfill these aims: 

 The country need for private sector finance and technique. 

 Obvious national political for development clearly obliged the private sector participation in 

financing substructure projects. 

 A good national reputation. 

 Participation notion  of people acceptance 

 The government obligation in compliance with substructure projects based on PPP's. 

2- Economical criteria 

According to the infrastructure investment importance of national development, the government 

must put a work scheme for economical evaluation to make sure that better decisions are made 

then achieve a value for finance by using the country local sources and the foreign investment 

with limitation of the government participation with the project profits. the most important five 

economical criteria obligation must fulfill these aims: 

 Multi benefit objectives. 

 Economical development flourish's contribution. 

 Real demands promising (perspective). 

 Level of economic development. 

 Public debt problem salvation and lessen deficit 

3- Legal and political  criteria 

Whether to assess the contracting authority has the legal ability to enter into a PPP contract. The 

legal viability assessment should also consider the legal implications of the project in relation to 

existing employees, assets and contracts.Attractiveness of any PPP's projects to private sector 

investor depends on the way which the government treats main legal cases like carrying out 

contracts and private ownership ,taxes, insurance, foreign sector finance, profits they are all 

critical things for all foreign investment in PPP's projects. The most important five legal and 

political critical factors which the government obligation must fulfill these aims: 
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 Legal framework for realization of PPP‘s projects. 

 Political stability. 

 Expropriation. 

 Government skills in PPP's projects. 

 National resources and services use. 

4- Financial and commercial  criteria 

The Development in the financial market is a great importance in attracting local and foreign 

investments because they make it easier for the investor access to financial resources when 

needed and the ability to be employed when there are assets, and they are easier for the investor 

out of the market with minimal losses. The most important five Financial and commercial 

criteria factors which the government obligation  must fulfill these aims:  

 Contracts execution ability ; 

 Availability of foreign currencies ; 

 Sufficient rules for foreigner property and company establishment; 

 Efficient capital market; 

 Commercial banking jobs legislation and insurance. 

5- Administration and organizational criteria: 

The government should establish a framework to host administratively credible and effective 

implementation of the strategy for PPP's successfully so that the complex bureaucratic 

procedures and lack of decision-making authority to managers often referred to as a serious 

bottleneck for operations PPP's. the effective administrative framework will greatly accelerate 

private sector investment in projects of PPP's. There is no management framework and perfect 

single for the development of all PPP's projects so that each country has its own Special 

administrative and special culture administrative region. the most important five Administration 

and organizational criteria factors the government obligation must fulfill these aims: 

 Legislation suggestion and putting administration systems to activate and watching projects. 

 Penetrate the bureaucratic obstacle to secure the immediate ratification and auditor. 

 Limit and put priority for PPP's projects in compliance with ministries and government 

organization and local executive corps. 

 Training of administration person to understand and value the plans of PPP's. 

 Using consultative corps to check, certification, development and PPP's projects executive.   

6- Social and environmental   criteria 

the development and implementation of most PPP's projects is a customary in traditional 

infrastructure projects, take a survey of social , environmental ,social impact assessment , 

environmental standards and characterization of environmental performance standard is 

particularly important. The most important five social and environmental critical factors which 

the government must follow to make successful PPP's projects as appeared in analysis of 

questionnaire are: 

 Job security and achieve development implementing  

 The impact of Wars and terrorism  

 Private sector participation activation 

 Local support from the surrounding community to the project  

 Existence of environmental policies. 

7- Technical criteria 

This refers to the availability expertise in terms of technology, management, material, equipment 

and human resources to undertake infrastructure projects in Iraq. The government is seeking 

projects in the PPP's to increase the benefits of the PPP's projects up to the maximum for each of 
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them, local capacity-building and technology transfer from the project sponsors , guarantors and 

contractors and  so the  PPP's projects can formulated  to provides for the transfer of advanced 

technology and reduce the countries' dependence developing on foreign technology and improve 

the self-reliance of technology they have. The most important five Technical criteria factors 

which the government obligation  must fulfill these aims : 

 The applicable technology to infrastructure projects must be aligned with national available 

input and with the current and expected needs of the country. 

 Training and the use of national elements trainees to transfer technology. 

 Cooperation between local companies and project companies to manufacture equipment. 

 The acquisition and transfer of technology from sponsors. 

  The use of local  goods and  services to insure local participation as long as it is rival in 

(quality, service and time table for delivering and price) 

8- Support and government motives and guarantees criteria 

the governments should  assess the need to provide incentives support both direct and indirect in 

all  PPP's projects almost , and vary the degree and type of support varies greatly too , depending 

, among other things on the country risk and the feasibility of the project and the country's need 

for the project and the competitive position of the Government .The most important five Support 

and government motives and guarantees criteria factors which the government obligation must 

fulfill these aims: 

 Currency exchange protection. 

 The host government Contributions coming from the existing assets  

 Land and Facilities for   other logistic made by government. 

 Providing incentive and tax guarantees. 

 Financial support Subsidy. 

 

7. CONCLOTION 

According to what is presented in this paper about the facts of infrastructure projects in Iraq and 

the tendencies of investment after 2003. the Strategically chosen for rebuilding and rehabilitating 

the infrastructure projects in Iraq is adapted by PPP's contracts to public sectors in accordance of 

it, the public sector  agreed with private sector to execute the infrastructure projects according 

specification and limited period of time. 

This paper has presented the requirements of   successful partnership in Iraq, depending on the 

basis of reviewing relevant researches of (CSF's) in PPP's projects and local factors in Iraq and 

findings from a questionnaire survey including looking at the 87 previously identified CSF's for 

PPP's models. The significances index technique was used to identify the ranking of CSF's. The 

findings showed that five underlying grouped factors accounting in responses were derived from 

the 87 success factors. All loadings for the CSF's were greater than 60% indicating a high 

absolute value for each.found out (40) CSF's. thus they are especially important CSF's based on 

our interpretative structural model. These findings will be of help to the successful scientific 

decision-making of infrastructure projects in their evaluation of CSF's for PPP's projects in Iraq. 
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Figure 1.How Iraq ranks on Doing Business topics (doing business in Iraq 2014)  .      
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Figure 2. How Iraq and comparator economies rank on the ease of doing business. 

 
 

 

     

 

 

 

 

 

 

 

 

 

Figure 3. Investment in Iraq by sector ,Investment overview of Iraq, 2009. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. PPP models and assumption of risks by the private sector. 
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Table 1. How Iraq ranks on Doing Business topics (doing business in Iraq 2014). 

TOPICS DB 2014 

Rank 

DB 2013 

Rank 

Change in 

Rank Starting a Business    169 168  -1 

- Dealing with Construction 

Permits    

20 28  +8 

 Getting Electricity    39 49  +10 

 Registering Property    108 99  -9 

- Getting Credit    180 177  -3 

 Protecting Investors    128 127  -1 

 Paying Taxes    63 65  +2 

 Trading Across Borders    179 182  +3 

 Enforcing Contracts    142 143  +1 

 Resolving Insolvency    189 189 No change 

 

Table 2. balanced sheet (2006-2010). 

NO. Effective factor Ratio  % 

1 Working commencement delay because of preparing site. 91.30 

2 Security absence 86.96 

3 Unlimited of the period of opening and analyses and remits. 76.19 

4 Un chosen apt contractor. 76.19 

5 Complete working investigation not has been found. 73.91 

6 Financial allowances  delay transformation 69.57 

7 Changing order taking decisions delay 68.18 

8 Contractor advance payment delay 52.38 

9 Incompatible observation and management  40.91 

10 Site receiving delay of the contractor 38.10 

11 Unavailable of gas oil and asphalt and others 36.48 

 

Table 3. The investment Estimation of the economic sector. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

the investment Estimation  needs of the economic sector 
Milliards 

of $ 

activities 2006(1) 2007 2008 2009 2010 total 

Crude oil extraction 3.4 8.4 8.7 9.3 9.6 36.0 

Electricity  6.0 4.4 3.5 2.6 16.5 

Water Resources  1.0 1.5 1.5 1.2 5.2 

Agriculture  1.1 1.0 1.0 1.0 4.1 

Manufacturing  0.3 0.2 0.2 0.1 0.8 

Transportation, transport  7.5 7.5 7.5 7.5 30.0 

Building and construction  1.5 1.5 1.5 1.5 6.0 

Home ownership  10.0 12.0 15.0 15.0 52.0 

Health  2.5 3.3 4.4 4.5 14.7 

Education  0.6 0.6 0.6 0.6 2.4 

communications  0.3 0.3 0.2 0.2 1.0 

Water and sanitation  1.4 1.9 2.5 2.7 8.0 

Development of regions and 

provinces 
 205 2.5 3.0 4.0 11.0 

tatal 14.9 43.1 45.4 49.7 49.5 187.7 

http://www.doingbusiness.org/data/exploreeconomies/iraq/#starting-a-business
http://www.doingbusiness.org/data/exploreeconomies/iraq/#dealing-with-construction-permits
http://www.doingbusiness.org/data/exploreeconomies/iraq/#dealing-with-construction-permits
http://www.doingbusiness.org/data/exploreeconomies/iraq/#getting-electricity
http://www.doingbusiness.org/data/exploreeconomies/iraq/#registering-property
http://www.doingbusiness.org/data/exploreeconomies/iraq/#getting-credit
http://www.doingbusiness.org/data/exploreeconomies/iraq/#protecting-investors
http://www.doingbusiness.org/data/exploreeconomies/iraq/#paying-taxes
http://www.doingbusiness.org/data/exploreeconomies/iraq/#trading-across-borders
http://www.doingbusiness.org/data/exploreeconomies/iraq/#enforcing-contracts
http://www.doingbusiness.org/data/exploreeconomies/iraq/#resolving-insolvency
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Table 4.  The budget of Iraq state. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. Anticipated Financial Revenues for the Years 2010-2014 (Billions of Iraqi Dinars). 

 

Table 6. Classification of public- private partnership. 

Designated and paid investment spending for(2007-

2012) 

year 2008 2009 2010 2011 2012 

Operating 

spending  

52.4 46.3 52.2 66.6 79.9 

 investment 

spending         

21.7 12.8 20.2 30.1 37.2 

% total budget                      29% 22% 28% 31% 32% 

Total budget 74.1 59.1 72.4 96.7 117.1 

Ppp option 

/activities 

Service 

contracts 

Management 

contracts 

Lease 

contracts 

BOT 

contracts 

Concession 

contracts 

Financing 

investment 

Puplic 

sector 
Puplic sector Puplic sector Private sector 

Private 

sector 

Financing 

workings capital 

Puplic 

sector 
Puplic sector Private sector Private sector 

Private 

sector 

Contractual 

relations with 

customers 

Puplic 

sector 

 Private 

sector(on 

behalve of 

Puplic sector) 

Private sector Puplic sector 
Private 

sector 

Private sector 

responsibility and 

autonomy 

low low 
Low to 

medium 

medium  to 

high 
high 

Need of private 

capital 
low low low high high 

Financial risk for low low Low to high high 
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Table 7 . Critical Success Factors for PPP Projects through Literature Review. 

NO. CSF‘s Ppp type Author 

1- Tiong identified six CSF‘s  for private contractors 

in competitive tendering and negotiation in BOT 

contracts as: 

1- entrepreneurship and leadership; 

2- right project identification;  

3- strength of the consortium; 

4- technical solution advantage; 

5- financial package differentiation; and  

6- differentiation in guarantees 

BOT Tiong (1996) 

2- Tiong identified CSF‘s  in winning BOT contracts, 

which include factors such as: 

o right project identification, 

o strength of consortium,  

o financial package differentiation‘ and 

o supportive and understanding community. 

BOT Tiong and Alum (1997), 

Gupta and Norasimham 

(1998 

3- Buksbaun describes Public Private Partnership as: 

1- new institutional relationships , 

2- effectively address critical socio-economic 

challenges. 

3- developed by mobilizing the energies and talents 

of diverse sectors to bring about social and 

economic transformation. 

4- result of mature democratic tradition  

PPP 

general 

Buksbaun (1999) 

4- Qiao established Eight independent CSF‘s ,were  

1- appropriate project identification; 

2- stable political and economic situation 

BOT Qiao (2001) 

private sector medium 

Duration of 

contract license 

6 months-

2years 
3-5 years 5-15 years 15-30 years 20-30 years 

ownership 
Puplic 

sector 
Puplic sector Puplic sector 

Private then 

Puplic sector 

Puplic 

sector 

management 

Mainly 

Puplic 

sector 

Private sector Private sector Private sector 
Private 

sector 

Setting prices 
Puplic 

sector 
Puplic sector 

Contract and 

regular 

Public/Private 

sector 

Contract 

and regular 

Collecting bills 
Puplic 

sector 
Private sector Private sector 

Puplic/Private 

sector 

Private 

sector 

Main objective of 

ppp 

Improve 

operating 

efficiency 

Improve 

technical 

efficiency 

Improve 

technical 

efficiency 

Mobilize 

private 

capital and 

/or expertise 

Mobilize 

private 

capital and 

/or 

expertise 
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3-  attractive financial package;  

4- acceptable toll/tariff levels;  

5- reasonable risk allocation;  

6- selection of suitable subcontractors; 

7-  management control; and  

8- Technology transfer.  

5- Jefferies explored CSF‘s  to Stadium Australia. And  

identified and examined 15 success factors relevant 

to the project and the most significant CSF‘s  

include,  

1-compatibility/complimentary skills among the 

key parties‘,  

2-‗technical innovation in overcoming project 

complexity‘ and  

3-‗efficient approval process‘.  

4-‗environmental impact‘, 

5-‗developed legal/economic framework‘, 

6-‗political stability‘, 

7-‗selecting the right project‘,  

8-‗existing strategic alliances‘, 

9-‗good resource management‘, 

10-‗trust‘,‗community support‘, 

11-‗feasibility study‘, 

12-‗transfer of technology‘,  

13-‗financial capability‘, and  

14-‗consortium structure‘. 

BOOT Jefferies et al. (2002) 

6- Solomon showed that  

1- well organized and committed public agency; 

2- social support;  

3- project technical feasibility and multi-benefits 

objectives.  

are the CFSs that are most important to the private 

investors. On the other hand, factors such as: 

1-  transparency in the procurement process 

2- shared authority between public and private 

sector;  

3- thorough and realistic assessment of the cost and 

benefits;  

4- commitment and responsibility of public and 

private sector and  

5- strong and good private consortium  

are the CSFs that are most important to the public 

clients. 

ppp Solomon Olusola 

Babatunde 

2002 

7- Akintoye investigated Factors that: 

1- Contribute to the achievement of best value in 

PFI projects are detailed risk analysis and 

appropriate risk allocation, drive for faster 

project completion, curtailment in project cost 

PFI Akintoye et al. (2003) 

http://www.emeraldinsight.com/search.htm?ct=all&st1=Solomon+Olusola+Babatunde&fd1=aut
http://www.emeraldinsight.com/search.htm?ct=all&st1=Solomon+Olusola+Babatunde&fd1=aut
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escalation, encouragement of innovation in 

project development, and maintenance cost 

being adequately accounted for. 

2- impede the achievement of best value in PFI 

projects are: high cost of the PFI procurement 

process, lengthy and complex negotiations, 

difficulty in specifying the quality of service, 

pricing of facility management services, 

potential conflicts of interests among those 

involved in the procurement, and the public 

sector clients‘ inability to manage consultants. 

8- Jamali investigated the CSF‘s  for PPP 

implementation in the telecommunication industry 

in Lebanon. Using a case study approach, the 

findings indicate that  

1-‗trust‘,  

2-‗openness‘ and  

3-‗fairness‘  

are basic foundational underpinnings of successful 

PPPs 

Ppp 

general 

Jamali (2004) 

9- Zhang advocated that PPP project procurement 

should be based on a public– private win–win 

principle. It is under this premise that he was able to 

identify five CSF‘s  and a number of SSFs. These 

are:  

1-favorable investment environment;  

2- economic viability;  

3- reliable concessionaire with technical strength;  

4- sound financial package; and  

5-appropriate risk allocation via reliable contractual 

arrangements 

Ppp 

general 

Zhang (2005) 

10-  Hardcastle used factor analysis approach to identify 

CSF‘s  in PPP/PFI projects in the United Kingdom 

construction industry:  

1- effective procurement;  

2- project implementability;  

3- government guarantee;  

4- favourable economic conditions; and  

5- available financial market 

PFI Hardcastle, Edwards , 

Akintoye and Li (2005) 

11- A grounded theory research , Trafford discovered 

five key characteristics that are crucial in ensuring 

the success of PPP projects:  

1- good communication,  

2- openness,  

3- effective planning,  

4- ethos and  

5-direction 

ppp Trafford and Proctor 

(2006) 

12- He research on factors like general government ppp Hammami et al.(2006) 
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balance, total debt, Aid per capita, fuel exports, 

ethnic fractionalization, chief executive's party 

orientation, opposition parties in legislature, 

population, real GDP per capita, inflation, money 

supply, international reserves, control of corruption, 

composite country risk, rule of law and common 

law origin as determinants of PPPs in developing 

countries 

13- Bing Li show that the three most important factors 

are: ‗a strong and good private consortium‘, 

‗appropriate risk allocation‘ and ‗available financial 

market‘. Factor analysis revealed that appropriate 

factor groupings for the 18 CSF‘s  are: effective 

procurement , project implement ability, 

government guarantee, favorable economic 

conditions and available financial market. 

PFI Bing Li, A. Akintoye, P. J. 

Edwards Corresponding 

author(2007) 

14- Wong proved the Successful PPP's implementation 

requires a stable political and social environment, 

which in turn relies on the stability and capability of 

the host government (Political and social issues that 

go beyond private sector‘s domain should be 

handled by the government. If unduly victimized, it 

is legitimate that the private sector participants 

should be adequately compensated 

ppp Wong, (2007). 

15- Wang proposed forty-five success factors of 

infrastructure projects under PPP mode in China are 

classified into eight main aspects, including  

1-the own factors of PPP projects,  

2-favorable investment environment,  

3- project company competence, 

4- project contractor and operator competence,  

5-government support,  

6- product quality,  

7- project management and Regulation policy for 

PPP project. 

and found out twenty-one critical success factors 

,among which,  

1- reasonable risk-sharing mechanism,  

2-financial system and policy for PPP projects,  

3-the improvement of regulation and policy,  

4-rational pricing mechanism and effective 

supervision mechanis: 

ppp Wang, LI Qi-ming, Deng 

Xiao-peng , LI Jing-hua  

(2007) 

16- Jacobson examined principal factors that contribute 

to successful PPP projects. Ten success factors were 

investigated:  

1-specific plan/vision,  

2-commitment,  

3-open communication and trust,  

ppp Jacobson and Choi (2008) 
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4-willingness to compromise/collaborate, 

5- respect‘, ‗community outreach,  

6-political support,  

7-expert advice and review,  

8-risk awareness,  

9-clear roles and  

10-responsibilities.  

The results show that ‗high degrees of commitment‘ 

and ‗shared vision between the client, architect, and 

contractor‘ are the most important factors for 

construction success 

17- Abdul Aziz examined  the CSF‘s  of ten PPP 

housing projects in Malaysia. The study identified 

15 success factors for PPP housing projects:  

1-action against errant developer‘,  

2-robust and clear agreement‘,  

3-reputable developer‘,  

4-constant communication‘,  

5-developer‘s profit sharing accountability‘,  

6-developer‘s social accountability‘,  

7-house buyer‘s demand‘,  

8-negotiation skills‘,  

9-adequate negotiation staff‘,  

10-realistic projection‘,  

11-competition‘,  

12-ample time to evaluate proposal‘,  

13-political influence‘,  

14-consistent monitoring‘, and  

15-compatibility between partners‘.  

The results reveal that all 15 factors except 

‗political influence‘ contribute significantly to the 

success of a PPP housing project 

PPP Abdul Aziz (2010) 

18- Dulaimi, Concluded that political support was 

regarded as most critical factor, while lack of 

appropriate knowledge and skills of the consortia 

leads to project failure. 

ppp Dulaimi, Alhashemi, Ling 

and 

 Kumaraswam (2010) 

19- Ahmadi  find in the  last experiences in developing 

countries and reaching a model for Iran Factors like  

GDP,  macroeconomic stability, fuel export, budget 

deficit, trade deficit, business climate,  

ppp Ahmadi et al.(2010) 

20- 

 

Zhao investigated the factors contributing to the 

success of two PPP power projects – thermal power 

and wind power – that were developed using the 

Build Own Transfer (BOT) mode.the authors 

identified 31 success factors for the power projects 

and investigate the relative importance of the 

success factors specific to the individual thermal 

and wind power 

BOT Zhao et al. (2010) 
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21- Chan Used 18 factors to investigate opinions on 

CSF‘s  in PPP. The factors were decomposed into 

five underlying groups or factors:  

1- stable macroeconomic environment,  

2- shared responsibility between private and public 

sector,  

3- transparent and efficient procurement process,  

4-stable political and social environment, and  

5- Judicious government control. 

 Chan, Lam, Chan, Cheung, 

and Ke (2010) 

22- 

 

Marques described  a Successful PPP's projects are 

based on three pillars  

1- all relevant criteria should be taken into account 

in the public tender phase (although the evaluation 

model should only contain the strictly necessary 

criteria to choose the best bidder);  

2- the suitable risk management framework is 

determinant to protect the public interest;  

3- the sound principles of contract management 

must be put into practice (including the definition of 

incentives and penalties,  

PPP Marques and Berg (2010) 

23- Akintoye achieving best value in private finance 

initiative (PFI) projects and the associated problems 

therein,find the  Factors that contribute to the 

achievement of best value in PFI projects are 

1.detailed risk analysis and appropriate risk 

allocation, 

2.drive for faster project completion,  

3.curtailment in project cost escalation,  

4.encouragement of innovation in project 

development, and maintenance cost being 

adequately accounted for. 

Factors that impede the achievement of best value 

in PFI projects are: 

1. high cost of the PFI procurement process, 

2. lengthy and complex negotiations,  

3. difficulty in specifying the quality of 

service,  

4. pricing of facility management services,  

5. potential conflicts of interests among those 

involved in the procurement, and  

6. the public sector clients‘ inability to manage 

consultants 

PFI Akintoye, Cliff Hardcastle 

et al..2010 

 

24- Chan  showed that the 18 CSF‘s  could be grouped 

into five underlying factors including:  

1—stable macroeconomic environment;  

2—shared responsibility between public and private 

sector 

3—transparent and efficient procurement process;  

 Chan, A., Lam, P., Chan, 

D., Cheung,2010 
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4—stable political and social environment; and 

Factor 

5—judicious government control. 

25- Rosa presented PPP infrastructure construction 

projects can be evaluated according to financial, 

technical, private partner selection criteria as well 

as social, economic, and  environmental factors by 

using model for effectiveness  evaluation of PPP 

infrastructure construction projects  suggested by 

the authors: 

a- sustainability performance indicator  

1-  economical aspects  

2- Social aspects  

3- Environmental aspects. 

b- PPP effectiveness indicator 

1- Private sector  partner evaluation   

2- Project evaluation 

ppp Rasa Apanavičienė , 

 Rūta Rudžianskaitė 

Kvaraciejienė,2010 

26- Mohamed found that the most important  factors  in 

Kuwait can be grouped in five clusters. 

1- Effective Procurement, 

2- Project Implementability, 

3- Government Guarantee, 

4- Favorable Economic Conditions 

5- Available Financial!Market 

ppp Mohamed Ahmed 

Helmy,2011 

27- The study has established for the Nigerian 

environment, Under favorable investment 

environment both the private and public sectors 

ranked  

1- Stable political  

2- sound financial package,  

3- appropriate risk allocation  

 Dada, M.O.a* and 

Oladokun, M.G.2012 

28- Basing on the overall respondentsof 18 factors‘ 

results, the top five most critical factors, in 

descending order of importance are:  

1- good governance; 

2- commitment and responsibility of public and 

private sectors;  

3- favourable legal framework; 

4- sound economic policy; and  

5- available financial market.  

The two factors that were ranked as least important 

for project success are government  involvement by 

providing guarantee and political support. 

ppp . Suhaiza Ismail, Shochrul 

Rohmatul Ajija 

2013 
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28- Ogunsanmi concluded that for successful  

implementation of PPP projects in Nigeria the 

contributive CSF‘s   are: 

1-  transparent and sound regulatory framework,  

2- comprehensive feasibility study,  

3- appropriate risk allocation,  

4- commitment, 

5-  responsibility of public and private sectors,  

6- strong private consortium,  

7- government guarantee,  

8- realistic cost/benefit assessment,  

9- stable macro-economic conditions and  

10- sound economy policy that must  

ppp Ogunsanmi Olabode 

Emmanuel,2014 
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Table 8 .statistical analysis results for infrastructure projects under ppp model. 

 

ranking 

95% Confidence 

Interval for Mean 
% 

significance 

index 

St. 

deviation 

Chang 

 level 
mean factors NO. 

High 

ending 

Low 

ending 

1- Privatization and investment  Policy criteria: 

4 3.57 2.86 64.200 1.138 .176 3.21 Participation notion  of people acceptance 1. 

2 
3.8020 3.1980 70.000 .96903 .14952 3.5000 

Obvious national political for development clearly obliged the 

private sector participation in financing substructure projects 

2. 

5 
3.5293 2.8516 63.810 1.08736 .16778 3.1905 

The government obligation in compliance with substructure 

projects based on ppp 

3. 

1 4.0224 3.4538 74.762 .91223 .14076 3.7381 
The country need for private sector financial and technical 

resources. 

4. 

6 3.4625 2.8232 62.858 1.02580 .15828 3.1429 The government has a logic base to support ppp projects, 5. 

9 3.2520 2.6528 59.048 .96151 .14836 2.9524 Private sector participation activation 6. 

10 2.6628 2.1467 48.096 .82815 .12779 2.4048 
Public awareness supportance and laboure unions for private 

sector participation. 

7. 

8 3.4167 2.7738 61.904 1.03145 .15916 3.0952 Stable political situation 8. 

3 3.5754 2.8531 64.286 1.15897 .17883 3.2143 Well international reputation 9. 

7 3.4910 2.7471 62.380 1.19353 .18417 3.1190 International plan consistancy 10. 

2- Economical criteria; 

5 3.5754 2.8531 64.286 1.15897 .17883 3.2143 Public debt problem salvation and lessen deficit 1. 

7 3.57 2.86 64.200 1.138 .176 3.21 Political and security stable 2. 

4 3.8020 3.1980 70.000 .96903 .14952 3.5000 
Country economical strength (economical development 

standard) 

3. 

8 3.5293 2.8516 63.810 1.08736 .16778 3.1905 System and interest rate 4. 

1 4.0224 3.4538 74.762 .91223 .14076 3.7381 Project benefit of government participation rate 5. 

9 3.4625 2.8232 62.858 1.02580 .15828 3.1429 Interest achievement of sale price 6. 

13 3.2520 2.6528 59.048 .96151 .14836 2.9524 Market need for project 7. 
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14 2.6628 2.1467 48.096 .82815 .12779 2.4048 
Demand progressive and buying assurances(warranty 

guaranties) 

8. 

10 3.4167 2.7738 61.904 1.03145 .15916 3.0952 Investment attraction 9. 

6 3.5754 2.8531 64.286 1.15897 .17883 3.2143 Joint – stock and local companies 10. 

2 4.0224 3.4538 74.702 .91223 .14076 3.7351 Economical development flourish's contribution  11. 

3 3.9628 3.2752 72.380 1.10326 .17024 3.619 Real demands promising (perspective) 12. 

12 3.3982 2.6970 60.958 1.12515 .17361 3.0476 conventional and international society Interest 13. 

11 3.3937 2.7967 61.904 .95788 .14780 3.0952 Purchase orders for articles local equipment  14. 

3- Legal and political  criteria: 

5 3.4625 2.8232 62.858 1.02580 .15828 3.1429 National merchandise and services use  1. 

9 3.2520 2.6528 59.028 .96151 .14836 2.9514 Resemblance of system and its stability 2. 

10 2.6928 2.2120 49.048 .77152 .11905 2.4524 Privilege ending by government  3. 

8 3.2520 2.6528 59.048 .96151 .14836 2.9524 Competition 4. 

11 2.6628 2.1467 48.096 .82815 .12779 2.4048 The right for using land, roads and supporting establishments 5. 

7 3.4167 2.7738 61.904 1.03145 .15916 3.0952 Rarity of risks and argument  6. 

4 3.5754 2.8531 64.286 1.15897 .17883 3.2143 Government skills in ppp projects 7. 

1 4.0224 3.4538 74.762 .91223 .14076 3.7381 Legal framework for realization of PPP‘s projects. 8. 

6 3.4625 2.8232 62.840 1.02580 .15828 3.1420 The rate of foreigner property in the projects 9. 

2 3.7460 3.1587 69.048 .94230 .14540 3.4524 Political stability 10. 

3 3.6033 2.9682 65.714 1.01898 .15723 3.2857 Expropriation 11. 

4- Financial and commercial  criteria: 

8 3.2520 2.6528 59.048 .96151 .14836 2.9524 Legal frame work to protect personal thoughts  1. 

10 2.7619 2.1904 48.080 .91700 .14150 2.4762 Rules project property rights 2. 

6 3.3780 2.6696 61.900 1.13671 .17540 3.0238 Property rights protection from appropriation and natnalization 3. 

1 4.0224 3.4538 74.762 .91223 .14076 3.7381 Contracts execution ability 4. 

3 3.4625 2.8232 62.858 1.02580 .15828 3.1429 
Sufficient rules for foreigner property and company 

establishment 

5. 

7 3.2520 2.6528 59.048 .96151 .14836 2.9524 Rent legislation and privilege giving 6. 

9 2.6628 2.1467 48.096 .82815 .12779 2.4048 Environmental and labour rules 7. 
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5 3.4167 2.7738 61.904 1.03145 .15916 3.0952 Commercial banking jobs legislation and insurance 8. 

4 3.4625 2.8232 62.858 1.02580 .15828 3.1429 Efficient capital market 9. 

2 3.4889 2.8445 63.334 1.03398 .15955 3.1667 Availability of foreign currencies 10. 

5- Administration and organizational criteria: 

8 3.2753 2.7247 60.000 .88345 .13632 3.0000 
Framing the government politics and choosing suitable sectors' 

for ppp projects 

1. 

1 4.0224 3.4538 74.762 .91223 .14076 3.7381 
Legislation suggestion and putting administration systems to 

activate and watching projects 

2. 

9 3.2520 2.6528 59.048 .96151 .14836 2.9524 

Submitting systems for rationalization and coordination 

administrative arrangements with ministries and government 

organizations 

3. 

3 3.5754 2.8531 64.286 1.15897 .17883 3.2143 

Limit and put priority for ppp projects in compliance with 

ministries and government organization and local executive 

corps. 

4. 

5 3.4625 2.8232 62.858 1.02580 .15828 3.1429 
Using consultative corps to check ,certification, development 

and ppp projects executive 

5. 

2 3.6286 2.9905 66.190 1.02382 .15798 3.3095 
Penetrate the bureaucratic obstacle to secure the immediate 

ratification and auditor. 

6. 

4 3.5521 2.9241 64.762 1.00752 .15546 3.2381 
Training of administration person to understand and value the 

plans of ppp. 

7. 

6 3.3937 2.7967 61.904 .95788 .14780 3.0952 
The experience of the contracts owner  and negotiation of ppp 

projects 

8. 

7 3.4043 2.7385 61.428 1.06823 .16483 3.0714 
Speed credits and monitoring extracts credits and speed 

monitoring extracts 

9. 

10 3.2262 2.5833 58.096 1.03145 .15916 2.9048 Management flexibility and responsibility determination  10. 

11 2.6628 2.1467 48.096 .82815 .12779 2.4048 Government intervention in the projects 11. 

6- Social and environmental   criteria: 

3 3.4167 2.7738 61.904 1.03145 .15916 3.0952 Private sector participation activation 1. 

1 4.0224 3.4538 74.762 .91223 .14076 3.7381 Job security and achieve development implementing 2. 

2 3.4625 2.8232 62.858 1.02580 .15828 3.1429 The impact of Wars and terrorism 3. 
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4 3.2520 2.6528 59.048 .96151 .14836 2.9524 Local support from the surrounding community to the project 4. 

5 2.6628 2.1467 48.096 .82815 .12779 2.4048 Existence of environmental policies 5. 

 7- Technical criteria: 

5 3.4167 2.7738 61.904 1.03145 .15916 3.0952 

The use of local  goods and  services to insure local participation 

as long as it is rival in (quality, service and time table for 

delivering and price) 

1. 

1 4.2858 3.7618 80.476 .84068 .12972 4.0238 

The applicable  technology to infrastructure projects must be 

aligned with national available input and with the current and 

expected needs of the country. 

2. 

4 3.6386 3.0281 66.666 .97946 .15113 3.3333 The acquisition and transfer of technology from sponsors. 3. 

6 3.2520 2.6528 59.048 .96151 .14836 2.9524 
The adaption of the must appropriate technology to the local 

conditions. 

4. 

7 2.8877 2.3028 51.904 .93859 .14483 2.5952 

The introduction of local contractor in request for quotation for 

minor contracts(building national capacity secondary contracting 

) 

5. 

2 4.2237 3.6334 78.572 .94721 .14616 3.9286 
Training and the use of national elements trainees to transfer 

technology. 

6. 

3 3.6884 3.0735 67.620 .98655 .15223 3.381 
Cooperation between local companies and project companies to 

manufacture equipment. 

7. 

8- Support and government motives and guarantees criteria: 

4 3.7934 3.1590 69.524 1.01784 .15706 3.4762 Providing incentive and tax guarantees. 1. 

1 4.2858 3.7618 80.476 .84068 .12972 4.0238 Currency exchange protection. 2. 

17 3.0739 2.4975 55.714 .92488 .14271 2.7857 Exemption from income tax for foreign project staff. 3. 

12 3.4167 2.7738 61.904 1.03145 .15916 3.0952 The process of tax exemption (the tax exemption of real state). 4. 

3 4.0224 3.4538 74.762 .91223 .14076 3.7381 Land and Facilities for   other logistic made by government. 5. 

10 3.4625 2.8232 62.858 1.02580 .15828 3.1429 Franchise (privilege) of tax. 6. 

9 3.4325 2.9008 63.334 .85302 .13162 3.1667 

Exemption from import duties on  equipment, row materials  and 

the components of the establishment  and operating maintenance 

of the projects or divided.  

7. 

19 2.6628 2.1467 48.096 .82815 .12779 2.4048 Incentives and  fines of achievement and performance 8. 
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13 3.4114 2.7315 61.428 1.09082 .16832 3.0714 Government guarantees and financial reservation  9. 

8 3.6033 2.9682 65.714 1.01898 .15723 3.2857 Reinforcement of petrol support. 10. 

14 3.3301 2.6699 60.000 1.05922 .16344 3.0000 Indirect guarantees for operating income and stand by loans 11. 

11 3.4167 2.7738 61.904 1.03145 .15916 3.0952 Corporation tax exemption to class commitment. 12. 

7 3.7316 3.0303 67.620 1.12515 .17361 3.3810 Commercial freedom Guarantees. 13. 

6 3.6386 3.0281 66.666 .97946 .15113 3.3333 Rate interest compensation . 14. 

15 3.2520 2.6528 59.048 .96151 .14836 2.9524 Reduction of incidents of unsecured force majeure  15. 

18 2.8877 2.3028 51.904 .93859 .14483 2.5952 emphasis  on  non- rival  projects 16. 

2 4.2237 3.6334 78.572 .94721 .14616 3.9286 
The host government Contributions coming from the exsisting 

assest  

17. 

16 3.2888 2.5683 58.572 1.15596 .17837 2.9286 
The government's commitment to the conclude of projects 

within a reasonable period of the government. 

18. 

5 3.7937 3.0635 68.572 1.17167 .18079 3.4286 Financial support Subsidy 19. 
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ABSTRACT 

 The aim of this research is to study the effect of high concentrations of salts, pressure and 

temperature on the performance of the RO membrane with time. Four different (Na2CO3) 

concentrations (5000, 15000, 25000 and 35000) ppm and various pressures such as (1, 3 and 5) bars 

at different temperatures of the feed solution (i.e., 25, 35 and 45)
 ◦
C were used in this work. It was 

found that, as the concentration of salt and feed temperatures increase, the rejection of the salt 

decrease. While the salt rejection of the membranes increases with increase of transmembrane 

pressure. 

Key words: reverse osmosis, membrane, permeation flux. 

 التناضح العكسً أداء غشاءتأثٍر الظروف التشغٍلٍة على 

 سعاد عبذ المطلب محمذ

 يذرص يساعذ  

 قسى انصُاعاث انكيًياويت

 بغذاد-يعهذ تكُىنىجيا

 لٍث سالم صبري                                                                      ارٌج دلف عباس                  

 يذرص                                                                                     يذرص يساعذ

 قسى انهُذست انكيًياويت                                                                     قسى انهُذست انكيًياويت

 بغذاد -انجايعت انتكُىنىجيت                                                                 بغذاد -جيتانجايعت انتكُىنى

 

 الخلاصة

الاغشيت  أداءعهى نهًذهىل وانضغظ ودرجت انذزارة نهًذهىل انًهذي انذاخم في هذا انبذث  تى دراست تأثيز انتزاكيش انعانيت 

 بار (٥و ٣ 0 ١وعُذ انضغىط )جشء بانًهيىٌ ( 0033300033300033300333)زاكيش يختهفتتأربعت . ديث تى إعذاد انتُافذيت

( Na2CO3و يهخ )ااستخذيع  ROو باستخذاو َىع وادذ يٍ الاغشيت انتُافذيت °( ٥٥و  ٣٥، ٥٥) تغييز درجت دزارة انًاء انذاخمو

تشداد كفاءة انفصم نلاغشيت بيًُا كفاءة انفصم نلايلاح  نتذضيز انًذهىل انًهذي  . ديث وجذ اَه كهًا سادث تزاكيش الايلاح تقم

 .عُذ ارتفاع درجت انذزارة وجذ اٌ كفاءة انفصم تقم .انعانيتعُذ انضغىط 

.يعذل انتذفق انُافذانتُاضخ انعكسي0 غشاء0 الكلمات الرئٍسٍة: 
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1. INTRODUCTION 

The scarce availability of clean water in certain areas has led to an increased need to fresh water 

production via desalination of brackish and seawater or, e.g., treated wastewater. Membrane 

technology has revolutionized the separation industry by providing a highly selective and low-cost 

alternative to separation processes. Pressure-driven membrane separation processes (especially 

reverse osmosis) are important and attractive technologies for desalination and wastewater 

treatment, and this is because of the advantages of RO compared to the thermal desalination 

techniques, Fritzmann, et al., 2007. Reverse osmosis membrane technology has developed over the 

past 40 years to a 44% share in world desalting production capacity, and an 80% share in the total 

number of desalination plants installed worldwide. Recently, the use of reverse osmosis (RO) as a 

separation process is the leading technology for new desalination installation, and it is applied to a 

variety of salt water resources, Lauren, et al., 2009. In the late 1950's the work of Reid showed that 

cellulose acetate RO membranes were suitable for water desalination, Reid and Breton, 1959, 

Ferguson, 1980; Lonsdale, 1982 and Applegate, 1984. In 1960's, Loeb and Sourirajan, 1962, 

developed a method for fabricating asymmetric cellulose acetate membranes with high water 

permeation fluxes and solute rejection ,Loeb and Sourirajan, 1962, Loeb, 1981 and Sourirajan 

and Matsuura, 1985. The development of new membranes such as the thin-film, composite 

membrane that can be used for a wide pH ranges, temperatures. In addition, RO membranes have 

found uses in wastewater treatment, production of ultrapure water, water softening, and food 

processing,… etc., Bhattacharyya et al., 1992.  

Water treatment processes employ several types of membranes; these types are classified according 

to pore diameter. The reverse osmosis process is characterized by a membrane pore size in the range 

of 0.0005 microns. Reverse osmosis membranes are effectively non-porous, and therefore exclude 

particles and even many low molar mass species such as salt ions, organics, etc. Reverse osmosis 

called as hyper filtration in the past, it is regarded as another pressure driven process. In this process 

a solvent of the solution is transferred through a membrane and this lead to change in the 

concentration of the solution. In such a way, the concentration of some solute with low molecular 

weights (up to 500 Daltons) or other solvents is decreased, Sath, et al., 2012. Reverse osmosis (RO) 

is a physical process that uses the osmosis phenomenon. Osmosis is a natural phenomenon in which 

a solvent (usually water) passes through a semi permeable barrier from the side with lower solute 

concentration to the higher solute concentration side. Water flow continues until chemical potential 

equilibrium of the solvent is established. At equilibrium, the pressure difference between the two 

sides of the membrane is equal to the osmotic pressure of the solution. To reverse the flow of water 

(solvent), a pressure difference greater than the osmotic pressure difference is applied; as a result, 

separation of water from the solution occurs as pure water flows from the high concentration side to 

the low concentration side, Mousa, and Salem, 2010. 

In the RO process, the pressure projecting on the primarily treated water raising to the limit that  

suitable for the type of membranes and concentrations of total dissolved solids (TDS) in the water to 

be treated. That mean the amount of pressure required directly relates to the TDS concentration of 

the feed water. The RO process is effective for removing TDS concentrations of up to 45,000 mg/L, 

so the RO technique can be used to desalinate both brackish water and seawater. Reverse osmosis 

needs energy to operate the pumps that raise the hydraulic pressure of the feed water to the enough 

limits to exceed the natural osmosis pressure and produce the required quantity of treated water. The 

objective of this work was to investigate the separation of salt from different salinity water using the 
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RO process. The effect of  Na2CO3 concentration of  the feed stream, transmembrane pressure and 

feed temperature on salt rejection and permeate flux were determined.  

 

2. EXPERIMENTAL WORK 

A laboratory reverse osmosis unit is used and shown in Fig.1. The feed solution is pumped from the 

feed tank to the membrane module by using diaphragm pump. The Permeate solution was collected 

in a glass beaker placed on a electronic balance. The Permeate was periodically returned to the feed 

container to prevent change in the feed concentration. The operating conditions using RO membrane 

process were commenced with the following ranges:  

1. Solute concentration (5000, 15000, 25000 and 35000) ppm. 

2. Temperature of Feed (25, 35 and 45) °C.  

3. Operating Pressure (1, 3 and 5) bar. 

  

2.1 Materials  
1-The RO membrane used in this work was (Hidrotek RO membrane model TW30-1812-50, NSF 

certified, technology USA). It is supplied from Hidrotek company. 

2- Distilled water.  

3- Na2CO3 as a solute. 

 

3. RESULTS & DISCUSION      

Different salinity water is treated by using reverse osmosis system. Performance of RO system is 

examined by performing experiments under different operating conditions. The resulting salt 

rejection and permeation flux are presented in Figs. 2 to 7 under various operating conditions. The 

salt rejection can be found by the following equation: 

 

R (%) = (Cf – Cp/ Cf) x 100                                                                                                                (1) 

 

Fig. 2 shows the effect of salt concentration in feed solution on salt rejection (R %). It can be 

noticed that increasing of salt concentration from 5000 ppm to 35000 ppm results to decrease of salt 

rejection from 88% to 65%. Moreover, using 15000 and 25000 ppm of salt concentration led to 

small decrease in salt rejection as shown in Fig. 2. This is because when the salt concentration 

increases in feed water, the salt passage through the membrane increase. The results obtained are in 

agreement with Lingyung, and Shingjiang. Effect of feed solution temperature (i.e., 25, 35 and 45) 
o
C on the salt rejection is shown in Fig. 3. It can be seen that the salt rejection decrease with 

increase of feed temperature from 25 to 45 
o
C. The reason of this effect is attributed to the decrease 

of feed solution viscosity which is lead to decrease of fouling on the membrane surface. 

Furthermore, effect of transmembrane pressure on the salt rejection is shown in Fig. 4. Increase of 

transmembrane pressure from 1 to 5 bar results to increase of salt rejection from 82% to 94%. It is 

worthy to mention here that there is a significant effect of transmembrane pressure on the salt 

rejection. Because RO membranes are not completely retained dissolved salts in feed water, there is 

always some salt passage through the membrane. Therefore when increasing feed water pressure, 

this salt passage decrease as water is pushed through the membrane. So the permeate concentration 

was diluted by the higher rate of water flow through the membrane, resulting in an increase in salt 

rejection , Abou Rayan, and Khaled, 2002. 
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Regarding the permeation flux of the RO membrane, Figs. 5 to 7 show the effect of feed solution 

temperature, transmembrane pressure and salt concentration in feed solution on the RO membrane 

permeation flux. It can be seen that the permeation flux of RO membrane increase with increase of 

feed temperature as shown in Fig. 5, this is due primarily to the decrease in both viscosity and 

density of water when increase the temperature of feed water, so the permeability coefficient of 

water increase, as reported in the work of Al-Mutaz , and Al-Ghunaimi, 2001. Also, from Fig. 5, it 

can be conclude that the best permeation flux was at 35 
o
C especially after 70 min from operation 

and that for a given feed water temperature, the permeation flux decrease with progress in time. In 

Fig. 6, it is expected to find that the transmembrane pressure has the highest effect on permeation 

flux among the other operating parameters. The permeation flux of RO membrane increases with 

increasing of transmembrane pressure. This behavior can be attributed to the fact that when increase 

transmembrane pressure, apportion of the feed water is forced through the membrane to emerge as 

purified product water (i.e. permeation flux is increased). This is because when increase 

transmembrane pressure the net driving force is increased also, so the permeation flux is increased, 

Lingyung, and Shingjiang. The effect of salt concentration in feed solution on permeation flux is 

shown in Fig. 7. The permeation flux decreases with increasing of salt concentration. This is due to 

increase the osmotic pressure difference across the membrane. The osmotic pressure is a function of 

the type and concentration of salts or organics contained in feed water. Therefore if feed pressure 

remains constant, under higher salt concentration results in higher osmotic pressure and this leads to 

much higher driving force. The increasing in salt concentration in feed water also leads to surface 

cake or fouling phenomenon on the membrane surface. A similar behavior has been reported by 

Marwan, and Owee, 2006. 

 

4. CONCLUSIONS 

In this research, different salt solutions were treated by reverse osmosis system. The salt rejection 

and permeation flux are studied under different operating conditions. The permeation flux 

experiments are conducted by operating reverse osmosis system for 3 hrs. This study leads to the 

following conclusions: 

- The permeation flux is reduced with increasing time of operation at different conditions. 

- The operating pressure has the stronger effect in the reverse osmosis system.  

- The permeation flux and salt rejection are enhanced with increasing operating pressure, where the 

salt rejection is reached to 94% at 5 bars. 

- The rejection decrease when increasing feed temperature, while the permeation flux increase.  

- Both salt rejection and permeation flux are decreased when increasing the salt (Na2CO3) 

concentration from 5000 to 35000 ppm in the feed solution. 
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NOMENCLATURE 

 

Cf = concentration of salt in the feed water, ppm. 

Cp = concentration of salt in the permeate water, ppm. 

R = rejection of salt, dimensionless. 
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Figure 1. A schematic diagram of RO experimental system. 
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Figure 2.  Effect of salt concentration on salt rejection (temp.: 25 °C; pressure: 1bar). 

 

Figure 3.  Effect of temperature on salt rejection (conc.: 15000 ppm; pressure: 1bar). 
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Figure 4.  Effect of  transmembrane pressure on salt rejection (temp.: 25°C; conc.: 15000 ppm). 

 

Figure 5. Effect of temperature on permeation flux (conc.: 15000 ppm; pressure: 1bar). 
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Figure 6. Effect of  transmembrane pressure on permeation flux (conc.: 15000 ppm; temp.: 25°C). 

 

Figure 7. Effect of salt concentration on permeation flux (temp.: 25°C ; pressure: 1bar). 
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Table 1. Specification of RO membrane, Hidrotek RO Membrane. 

TW30-1812-50 Hidrotek RO membrane model 

3.5(0.32) Active area (ft
2
 m

2                                                         

300 psi (21 bar) Max pressure 

2 gpm Max feed flow rate 

45°C Max operating temp 

5 Max SDI (inlet) 

< 0.1 ppm Free chlorine tolerance 

3~10 pH range (continuous operation) 

2~11 pH range (chemical cleaning) 
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ABSTRACT 

In this study, the kinetics for the reaction of tert-butanol esterification with acetic acid in 

the presence of Dowex 50Wx8 catalyst was investigated. The reaction kinetic experiments were 

conducted in 1000 milliliter vessel at temperatures ranged from 50 - 80 
o
C, catalyst loading 25-

50 g/L, and the molar ratios of acetic acid to tert-butanol from 1/3 – 3/1. The reaction rate was 

found to increase with increasing temperature and catalyst loading. It was also found the 

conversion of the tert-butanol increases as the molar ratio of acid to alcohol increases from 1/3 – 

3/1. The Non-ideality of the liquid phase was taken into account by using activities instead of 

molar fractions. The activity coefficients were calculated according to the group contribution 

UNIFAC method. The results show that the activation energy of tert-butanol esterification with 

acetic acid was found to be 1.09 kJ/mol. 

Key words: esterification, reaction kinetic, tert-butanol, tert-butyl acetate, dowex 50wx8. 

 حفزه نكحول انبيوتانول انرباعي كيت تفاعم الاسترة انمدراست حر

 محمذ جواد عهي رعذ

 ٍذرص

 قظٌ اىهْذطت اىنٍٍَبوٌت / اىجبٍعت اىتنْىىىجٍت

 فاضم عباس حمادي

 ٍذرص ٍظبعذ

 قظٌ اىهْذطت اىنٍٍَبوٌت / اىجبٍعت اىتنْىىىجٍت

 

 تانخلاص
 تفبعو الاطتزٓ ىحبٍض اىخيٍل ٍع محىه اىبٍىتبّىه اىزببعً ببطتخذاً عبٍو ٍظبعذ ٍِ ّىع دٌىامض تٌ دراطت حزمٍت

( درجٔ ٍئىٌٔ ومٍَبث ٍِ اىعبٍو اىَظبعذ تتزاوح بٍِ 00-00. تٌ اجزاء اىتجبرة اىعَئٍ عْذ درجت حزارٓ تتزاوح بٍِ )00

(. تٌ اىتىصو اىى اُ سٌبدة درجت اىحزارٓ ومٍَت 3-3/1( غٌ وّظبٔ ٍىىٍٔ )حبٍض/محىه( ىيَىاد اىَتفبعئ بٍِ )20-00)

و. ومذىل وجذ اُ ّظبت اىتحىه ٍِ محىه اىبٍىتٍو اىزببعً تشداد ٍع سٌبدة اىْظبٔ اىعبٍو اىَظبعذ تؤدي اىى سٌبدة ٍعذه اىتفبع

(. وىنىُ اىظبئو غٍز ٍثبىً تٌ حظبة ٍعبٍو اىتْشٍط بطزٌقت اىٍىٍّفبك. ٍِ خلاه اىْتبئج 3-3/1اىَىىٍٔ )حبٍض/محىه( ٍِ )

 1.01تظبوي صو اىى اُ طبقت اىتْشٍط ىيتفبعو اىتىاىعَئٍ فً تفبعو الاطتزٓ ىحبٍض اىخيٍل ٍع محىه اىبٍىتٍو اىزببعً تٌ 

 مٍيىجىه/ٍىه.
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1. INTRODUCTION: 
Esterification is a chemically reversible reaction producing ester and water from two 

reactants of acid and alcohol; it's an important reaction in the chemical engineering industry. 

The desired product (ester) plays a major role in the production of flavors and fragrances, 

solvents, plasticizers, pesticides and herbicides, medicinal and surface-active agents, Ali, et 

al., 2007. 

Butyl acetates are used primarily as solvents in the lacquer and enamel industries. It is 

used in coatings, where its solvent capacity and its low relative volatility make it useful for 

adjustment of evaporation rate and viscosity. It is particularly useful as a solvent or thinner for 

acrylic polymers, vinyl resins, as reaction medium for adhesives, as solvent for leather 

dressings, and a process solvent in various applications and in cosmetic formulations , Liu, et 

al., 2005. 

A general method is presented for the preparation of tert-butyl esters by the gentle 

warming of the carboxylic acid in the presence of excess of tert-butyl acetoacetate and a 

catalytic amount of acid. This method generates only low pressures, and is therefore suitable 

for laboratory scale pressure glassware , Taber, et al., 2006. 

There are two catalysts to accelerate the rate of esterification reaction, that is, 

homogeneous and heterogeneous catalyst , Lilja, et al., 2002. Homogeneous catalysts provide 

distinguished performance in terms of reaction rate, the benefit of those catalysts is 

diminished since separation and recovery of catalyst are difficult due to the miscibility 

between liquid acid catalyst and reaction medium, Ali, et al., 2007and Lilja, et al., 2002 . In 

addition, the homogeneous acid catalysts cause the occurrence of side reactions, corrosion of 

the equipment and the need to deal with acidic wastes, Liu and Tan, 2001. 

Heterogeneous catalyst (ion-exchange resin) is a promising material for the replacement 

of the homogeneous acid catalysts. The solid type of material has good physical and chemical 

properties, and shows excellent performance as a heterogeneous catalyst in esterification 

reaction. The mechanical separation by filtering is possible, the ion exchange resin is 

reusable, guaranteeing the continuous operation, waste or disposal problems are eliminated, 

and isolation of reaction intermediates is possible , Ali, et al., 2007 and Sanz, et al., 2002. 

Moreover, catalysts in the solid type preclude corrosion as well as pollution, and show both 

high selectivity and thermal stability, Gangadwala, et al., 2003. 

The significance of external mass transfer limitation which is directly related to stirrer 

speed in batch systems depends on several factors such as the viscosity of the system, 

reactions conditions, in addition to the type and properties of catalyst used. The effect of 

internal diffusion on the rate of the reaction catalyzed by a solid catalyst (ion-exchange resin) 

is dependent on many parameters such as catalyst composition, particle size, reaction medium 

and temperature , Ali, et al., 2007. 

Several works on esterification with heterogeneous catalyst have been studied with 

various reactants. 

Nagasawa et al., 1994, used activated basic alumina for the esterification of tert-

butanol by acid chlorides or acid bromides. They got a good yield for tert-butyl ester; the 

amount of catalyst relative to the reactants used by them was very large.  

Altiokka and Çıtak 2003, studied the kinetics of esterification of acetic acid with 

isobutanol with and without catalyst. They found the initial reaction rate decreases with 

alcohol and water concentration as it linearly increases with that of acid. 
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Niasari et al., 2005, studied the esterification of tert-butanol by acetic anhydride to tert-

butyl acetate over InCl3/Al2O3, GaCl3/Al2O3, FeCl3/Al2O3, MnCl2/Al2O3, CoCl2/Al2O3, 

NiCl2/Al2O3, CuCl2/Al2O3 and ZnCl2/Al2O3 catalysts. They reported that the homogeneous 

indium chloride, gave lower conversions than to the supported catalyst, and in the presence of 

an acid catalyst, tert-butanol undergoes dehydration to iso-butylene even at room temperature. 

Blagov et al. 2006, studied the kinetics of side reactions of the formation of n butyl 

acetate in the heterogeneous catalyst. They were reported that the reaction rate is practically 

equal for their catalysts and the side reactions occur primarily on the active sites inside the 

pores of catalysts.  

Izci and Bodur 2007, observed that initial reaction rate increases with increasing of 

reaction temperature and catalyst loading and Dowex 50 Wx2 ion exchange resin has very 

high activity in the synthesis of isobutyl acetate. 

Ali et al., 2007, studied the kinetics of the esterification reaction of propionic acid with 

1-propanol over the ion-exchange resin Dowex 50Wx8-400. They were found that both 

external and internal diffusion limitations did not affect the overall reaction rate, the 

conversion of propionic acid increased with increasing temperature and catalyst loading and 

decreased with increasing initial mole fraction of acid. 

Korkmaz et al., 2009, used PDMS (Polydimethylsioxane) membrane with two 

different catalysts for isobutyl acetate production. It was observed that increasing the catalyst 

concentration and using the thinner membranes increase the conversion, and that while the 

reaction occurs slowly in Dowex 50W-X8 catalyzed PVMR, the conversion obtained is 

higher for longer reaction times than the one using H2SO4. 

Bhorodwaj and Dutta, 2011, studied the esterification of acetic acid with primary (n-), 

secondary (sec-) and tertiary (ter-) butanol catalyzed by supported heteropoly acids (HPAs), 

they were reported that the conversions of different alcohols into the corresponding esters 

decrease in the following order: n-butanol>sec-butanol>ter-butanol. The selectivities for the 

corresponding esters are nearly 100%. 

Tsai et al., .2011, studied the heterogeneous esterification of glutaric acid with 

methanol over acidic cation exchange resin beads, Amberlyst 35, were investigated through a 

packed-bed reactor. They were found that the equilibrium conversion of glutaric acid 

increases slightly as the molar ratio of feed increases from 15 to 20. The same observation 

was found with Tsai et al., for the esterification of acetic acid with methanol. 

Akbay and Altiokka, 2011, found that Amberlyst-36 has slightly higher activities for 

esterification of acetic acid with amyl alcohol. 

Ju et al., 2011, studied the experimental parameters were reaction temperatures (100–

110 ◦C), molar ratios of reactants (butyric acid/n-butanol = 0.25–4) and catalyst loading (10–

40 g/L), they found that the conversion increased with temperature and catalyst loading 

whereas it decreased as the molar ratio of reactants increased. 

The present work was undertaken to find the reaction kinetic representing the 

esterification of acetic acid with tert-butanol in the presence of Dowex 50Wx8. The effect of 

the significance of both external and internal diffusion limitations on the esterification system, 

reaction temperature, catalyst amendment with HCl, catalyst loading, and initial reactants 

mole ratio on the reaction kinetics were investigated. To take into consideration, the 

nonideality of the liquid mixture, activities of the species in liquid phase, estimated by the 

group contribution method UNIFAC, were used instead of molar fractions. 
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2. EXPERIMENTAL WORK 

2.1 Apparatus  
Fig. 1 shows the schematic diagram of the experimental which was used to carry out the 

esterification reaction. The reaction was carried out in a round-bottomed QVF flask with two 

necks with capacity of 1000 ml. A reflux condenser was placed on the top of the reactor in 

order to prevent the escape of volatile compounds. A thermocouple immersed in the flask and 

was used to control the temperature within ±0.1K by Digital temperature controller.  The 

mixture was mixed using a magnetic stirrer, with speed 1000 rpm.1 cm
3
 of liquid sample was 

withdrawn from the reactor at regular intervals for analysis and immediately transferred to a 

crucible in refrigerator at 5 
o
C to ensure that no further reaction took place.

 

2.2 Materials  
Tert-butanol of 99% purity was manufactured by Riedel-de Haën Ag Seelze-Hannover 

(Germany); acetic acid of 99% purity was manufactured by Rioel-de Haën chemicals 

(Germany) were used as the reactants. Among various cation exchange resins, Dowex 50Wx8 

with a particle size range of 0.04–0.07 mm was obtained from Fluka which is a strong acid 

ion-exchange resin. 

 
2.3 Procedure 

In the experiments, the catalyst was prepared by treatment with (1N) HCl to increase 

acidity. Each 100 gm of catalyst was stirred for 2 hrs with 500 ml HCl (1N).The chloride ions 

were washed three times with distilled water to remove it. After that the catalyst was dried at 

60 
o
C for 12 hours to remove the moisture. The dried catalyst was stored in a desiccator 

before further use. Dowex 50Wx8 and tert-butanol were placed in the reactor. A known 

weight of the catalyst was added at the same time the reactor contents well mixed. After a 

steady value of the desired temperature was attained, the acetic acid at the same temperature 

was added and this was taken as zero time for a run. 1 cm
3
 of liquid sample was withdrawn 

from the reactor at regular intervals for analysis. The operating conditions of the present study 

are given in Table 1. 

Before any experiment the reactants were prepared in the vessel maintaining the 

required molar ratio with overall volume of 800 ml. 

 

3. GC ANALYSIS 

At a certain time, 0.1ml of liquid product sample was extracted through a syringe filter 

and analyzed with a gas chromatograph (GC type Shimadzu, Model 2014) equipped with a 

flame ionization detector (FID) at temperature 180 
ₒ
C, column (30 m length, 0.35 mm inner 

diameter and 1.15 cm
3
/min column flow), N2 as carrier gas at 50 kpa, split ratio 50 at 

temperature 150 
ₒ
C, 61.8 cm

3
/min total flow,6 min total time,  24.5 cm/sec linear velocity  and 

temperature program  110  
o
C   hold for 1 min, heat at 10 K/min to 130 C hold for 1 min. 

 
 

4. KINETIC MODEL  

4.1 Reaction kinetics 

The kinetic model for the esterification reaction was developed using the obtained 

concentration over a temperature range of 50-80 
o
C a catalyst loading between 25-50 gm of 

catalyst for feed (tert-butanol + acetic acid) and a tert-butanol/acetic acid mole ratio of 1:1, 

1:3, and 3:1. The reaction kinetic model has the following form , Altiokka and Çıtak, 2003. 
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CH3COOH + C4H9OH ↔ CH3COOC4H9 + H2O 

 

     
   

  
         (           

 

  
          )                        ( ) 

 

The initial reaction rates in the carried experiments are calculated by the following 

expression: 

 

     
   
  

   
   
  
                                                                                             ( ) 

Experimental reaction rate data was fitted using a nonlinear regression method. Seven 

data points were used to calculate the parameters. 

The following steps are used to calculate parameters of reaction kinetics: 

1) Determining the rate constant of the reaction by using Eq. (1). 

2) Depending on assumed forward and reversible reaction rate constant, simulation of the 

kinetic reactions is performed by using MATLAB R 2010b program. 

3) The simulation results are compared with experimental results at each point. All 

deviations between experimental and calculated values are squared and summed up to 

form an objective function F: 

4)  

  ∑(                   )                                                                        ( ) 

 

5) For each experimental data, the concentration-time data and seven new values for F is 

calculated. The rate constants corresponding to the minimum F are stored and 

considered improved rate constants for final or next iteration. 

6) The iteration proceeds until the absolute difference between two successive objective 

functions is less than a predefined tolerance  . The final obtained values of Kf and Ka 

will be the optimal rate and equilibrium constants respectively. 

The study of the effect of temperature is very important since it is useful to calculate 

activation energy of the reaction. The observed reaction rate constants (k) data at different 

temperatures were fitted to the Arrhenius-type equation Eq. (4) and the model parameters, k
o
 

(frequency factor) and (EA) (activation energy), were determined using linear regression 

technique , Altiokka and Çıtak, 2003. 
 

       [ 
  
   

]                                                                                                ( ) 

4.2 Estimation of Activity Coefficient 
The determination of the activity coefficient can be done without the need for actual 

data, by assembling the pure component from individual groups and assessing the 

contributions of their interactions. One of these methods is the UNIFAC (universal functional 

activity coefficient) model. UNIFAC was used to account for system non-ideality. 

The expression for the activity coefficient is written as the sum of combinatorial and 

residual terms: 
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Table 2 contains all UNIFAC model parameters that used in this study to calculate liquid 

phase activity coefficient. 

  
5. DIFFUSION 

It is necessary to eliminate both external and internal diffusion limitations. 

The effect of external diffusion limitation on the esterification reaction rate was studied 

by earlier workers , Ali, et al., 2007 and Ju, et al., 2011. 

If the production of the ester is independent of stirrer speed, this indicates that external 

diffusion is not the rate controlling step. Thus, to ensure that the reaction rate is not influenced 

by external diffusion; the experiments should be run at a high enough stirrer speed [1]. 

In general, external diffusion controls the overall rate in catalytic processes if the viscosity of 

the reactant mixture is very high or the stirrer speed is very low , Othmer, 1994. 

To consider the effect of external mass transfer resistance on the rate of reaction, the 

Mears criterion for external diffusion was examined and the dimensionless Mears parameter 

(CM) was calculated as follows: 

 

   
           

     
                                                                                 ( ) 

To estimate the mass transfer coefficient (kC), the following equation was employed 

,Geankoplis, 1993. 
 

   
    
  

        
   ⁄ (

     

   
)

 
 ⁄

                                                      ( ) 

 

 

Note that kC is dependent on the limiting reactant; as the limiting reactant is tert-butanol in all 

the cases. 

The diffusivity (DAB) was obtained from the multi-component diffusivity correlation, Perkin 

and Geankoplis method, as shown below ,Perry and Green, 1997. 

 

     
    ∑       

                                                                              ( ) 

 

   
   

 

 

The DAj can be obtained from the Wilke–Chang correlation [19]: 

 

          
  [

(     )
 
 ⁄

  
 
 

  
   ]                                                 ( ) 

If the value of left-hand side in Eq. 6 is lower than 0.15, the external mass diffusion can 

be negligible in the kinetic study ,Fogler, 1999. 

Table 3 shows that the calculated Mears parameters (CM) are less than 0.15. 

The effect of internal diffusion on the catalytic reaction can be studied by screening 

catalyst into different particle sizes or by calculating certain dimensionless parameters such as 

the well-known Weisz–Prater criterion. 
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The occurrence of any internal pore diffusion limitation is determined on the basis of 

the Weisz–Prater criterion, where the dimensionless Weisz–Prater parameter (CWP) is 

calculated as follows: 

 

    
           

 

      
                                                                                           (  ) 

 

The effective diffusivity (Deff) can be expressed as: 

       
                                                                                                        (  ) 

 

If CWP  1 there are no internal diffusion limitations and no concentration gradient 

exists within the pellet, but if CWP 1 internal diffusion limits the reaction , Fogler, 1999. Deff 

was calculated by applying finite difference approximation. 

As listed in Table 3, the calculated Weisz–Prater parameters were less than 1, implying 

that the resistance to internal pore diffusion is sufficiently small and the internal diffusion can 

be negligible in the kinetic study. 

6. RESULTS AND DISCUSSION 

6.1 Effect of External and Internal Diffusions: 
To study the kinetics of the esterification reaction, the effect of external and internal 

diffusion limitations should be eliminated. 

It was found that values of the external diffusion and internal diffusion parameters are 

significantly less than 0.15 for external (CM 0.15) and one for internal (CWP 1). These 

results indicate that external and internal diffusion does not limit the reaction of acetic acid 

with tert-butanol over Dowex 50Wx8-400 for the reaction conditions implemented in this 

study. This is in agreement with the results obtained by Ju, et al., 2011. 

The external diffusion limitation is negligible at stirrer speed of ≥ 200 rpm [1]. 

Therefore, a stirrer speed of 1000 rpm was maintained during all experiments to ensure that 

the measured reaction rate was free from external diffusion effects. 

6.2 Effect of Temperature 

In esterification reaction, the investigation on the effect of temperature is very important 

because this information is useful in calculating the activation energy. It was realized at 

different temperatures of 333, 348 and 358K under the constant reaction conditions: 1:1 mole 

ratio and the catalyst weight at 50 g. Results are given in Fig. 2. The reaction rate strongly 

depends on temperature. It can be seen that the reaction rate increases substantially with the 

increasing temperature. Moreover, the equilibrium conversion was nearly equal in the 

temperature range studied in this work. It shows that the higher temperature yields the greater 

conversion of t-butanol at a fixed contact time. This is in agreement with the results obtained 

by Akbay and Altiokka 2011 and Ju, et al., 2011. 

  

6.3 Effect of catalyst amendment with HCl 

In Fig. 3 tert-butanol conversion was plotted by using Dowex-50 catalysts prepared 

with HCl while the other was Dowex-50 without amendment. From the Fig., it can be 

concluded that this amendment with HCl catalyst has little effect on increasing the reaction 
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rate and the reason for this is due to the activity of the resin catalyst used and a strong 

amendment with HCl has no significant effect on the increasing acidity of the catalyst. This is 

in agreement with the results obtained by Bhorodwaj and Dutta, 2011. 

 

6.4 Effect of Catalyst Loading 

The effect of catalyst loading on the conversion of tert-butanol and the initial reaction 

rates is represented in Fig. 4. Catalyst loading was varied from 25 g to 50 g at a temperature 

of 65 C, feed mole ratio of 1:1, and stirrer speed of 1000 rpm. It can be seen from Fig. 4 that 

as the catalyst concentration increases, the reaction rate, conversion of acetic acid increases 

and thus the reaction time decreases. But the catalyst loading does not have any effect on the 

equilibrium conversion. This is in agreement with the results obtained by Bhorodwaj and 

Dutta 2007. 

 

6.5 Effect of Initial Reactants Mole Ratio 

The effect of acid to alcohol molar ratio was investigated by varying the acid to alcohol 

molar ratio (ranging from 1:3 to 3:1). As shown in Fig. 5, changing the molar ratio from 1:3 

to 1:1 increases the conversion of the tert-butanol, and shows that the increasing of the molar 

ratio from 1:1 to 3:1 increases the conversion of the tert-butanol. Fig. 5 shows that acid to 

alcohol molar ratio of 3:1 gives a higher conversion of the alcohol than 1:3. Moreover, a more 

significant increase in conversion was obtained at a ratio of 3:1 rather than 1:3. This is in 

agreement with the results obtained by Ju, et al., 2011. 

 

7. REACTION KINETICS 

Experimental reaction rate are fitted using a nonlinear regression method. Different 

values of the forward reaction rate constants Kf and equilibrium constant Ka are constructed 

and by applying Genetic Algorithm optimization method to predict the better constants that 

represent the minimum least square error between the experimental and predicted results. 

 

     
    (     ⁄ )                                                                                 (  ) 

             (       
   ⁄ ) 

     
    (     ⁄ )                                                                                 (  ) 

            (        
   ⁄ ) 

The activation energy of the esterification reaction is found to be (1.09 kJ/mol). 

 

Figs. 6, 7, and 8 show that the model predictions for different operating conditions are 

compared with experimental data at temperatures 50 C, 65 C, and 80 C respectively. 

Depending on different initial condition and with the aid of 4
th

 order (Rung-Kutta) integration 

method, the mathematical model was used to predict tert-butanol conversion respect with time 

can be predicted from Eq. 1. From these Figs., it was concluded that the predicted kinetic 

model Correspond to a large degree with the experimental kinetics. 

The lower line which is start from zero represents the experimental and model result for 

H2O and tert-butel acetate concentration while the upper line is start from (0.5) mole fraction 

represent concentration of acetic acid and tert-butanol. 
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8. CONCLUSIONS 
The reaction kinetic data have been determined experimentally for the esterification of 

acetic acid with tert-butanol over acidic ion exchange catalyst beads, Dowex 50Wx8, at 

temperatures from 50 C to 80 C, catalyst loading (25-50 gm), and the molar ratios of acetic 

acid to tert-butanol in the feed stream from 1 to3.The reaction rate was found to increase with 

increasing temperature, catalyst loading, and the conversion of the tert-butanol as the molar 

ratio of acid to alcohol increases from 1/3 – 3/1. Absence of resistance to external and internal 

diffusion was verified with theoretical criteria, the Mears (CM 0.15) and Weisz–Prater 

(CWP 1). The activation energy for the esterification reaction was estimated to be 1.09 

kJ/mol. UNIFAC was used successfully to account for the non-ideal thermodynamic behavior 

of the reactants and the products. 
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NOMENCLATURE 

 ai            activity of component i 

CA           reactant concentration (mol/cm
3
) 

Cab          bulk concentration (mol/cm
3
) 

Ci           concentration of component i (mol/cm
3
) 

Cli           bulk concentration of the limiting reactant (mol/cm
3
) 

CM          mears parameter 

CWP        weisz–Prater parameter 

DAB        diffusivity of solute A (cm
2
/s) 

DAj         dilute binary diffusion coefficient of solute A in j (cm
2
/s) 
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DAm        dilute diffusion coefficient of solute A through the mixture (cm
2
/s) 

Deff         effective diffusivity (cm
2
/s) 

Dlm         diffusivity of limiting reactant in the mixture (cm
2
/s) 

dp           diameter of the catalyst particle (cm) 

EA          activation energy (J/mol) 

g            gravitational acceleration (cm/s
2
) 

HAc      acetic acid 

i            identifies species 

j            dummy index running over all species  

k           identifies subgroups 

Ka           equilibrium constant (-) 

  
          preexponential factor for Ka(-) 

kC         mass transfer coefficient (cm/s) 

Kf         forward reaction rate constant (mol/gm cat. hr) 

  
          preexponential factor for Kf(mol/gm cat.hr)       

M         dummy index running over all subgroups  

M.wt.    molecular Wight (g/mal) 

mH        molar holdup (mol) in equation (1) 

Mcat      mass of the catalyst, gm. 

n           reaction order 

NSc       schmidt number 

r            rate of reaction (mol/hr.gm catalyst) 

−rA,obs    observed reaction rate (mol/gcat s) 

Rc         catalyst particle radius (cm) 

ri           relative molecular volume  

Rk         relative volume 

t            reaction time (s) 

T          temperature (C) 

TBuAc tert-Butyl acetate 

TBuOH tert-Butanol 

V          molar volume 

W         water 
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Figure. 1 Schematic diagram of the experimental apparatus. 

Figure. 2 Effect of temperature on t-butanol conversion (catalyst Dowex 50 

modified with HCL, wt:50gm ,ACH:TBuOH=1:1). 
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Figure. 3 Effect of catalyst modification on t-butanol conversion (catalyst 

dowex50 , wt:50gm,T=65 C ,HAc:TBuOH=1:1). 

Figure. 4 Effect of catalyst weight on t-butanol conversion (catalyst Dowex 

50 modified with HCL, T=65 C, HAc:TBuOH=1:1). 
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Figure. 5 Effect of feed mole ratio on t-butanol conversion (catalyst Dowex 

50 modified with HCL, wt:50gm). 

Figure. 6 Comparison between experimental data and rate equation results 

(catalyst Dowex 50 prepared with HCl, wt:50 gm, HAc:TBuOH=1:1, T=80 

C), solid line represents rate equation results. 
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Figure. 7 Comparison between experimental data and rate equation 

results (catalyst Dowex 50 prepared with HCl, wt:50 gm, 

HAc:TBuOH=1:1, T=65 C), solid line represents rate equation results. 

Figure. 8 Comparison between experimental data and rate equation results 

(catalyst Dowex 50 prepared with HCl, wt:50 gm, HAc:TBuOH=1:1, T=50 

C), solid line represents rate equation results. 
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Table1. Reaction conditions. 

Run Temperature (C) 
Ratio of 

HAc:TBuOH 

Catalyst loading 

(g/L) 

amendment with 

HCl 

1 80 1:1 50 Yes 

2 65 1:1 50 Yes 

3 50 1:1 50 Yes 

4 65 1:1 50 No  

5 65 1:1 25 Yes 

6 65 1:1 37.5 Yes 

7 65 1:3 50 Yes 

8 65 3:1 50 Yes 

 

Table 2. The values of the various parameters for the UNIFAC model equations. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Component r q 

Acetic acid 3.9243 3.668 

tert-Butanol 2.6724 2.688 

tert-Butyl acetate 5.3700 4.848 

Water 0.92 1. 

a1,1=0 

 

a1,2=0 

 

 

a1,15=255.7 

 

a1,17=255.7 a1,19=597 a1,20=597 

a2,1=0 a2,2=0 a2,15=255.7 

a2,17=255.7 a2,19=597 a2,20=597 

a15,1=65.33 a15,2=65.33 a15,15=0 

a15,17=0 a15,19=481.7 a15,20=481.7 

a17,1=65.33 a17,2=65.33 a17,15=0 

a17,17=0 a17,19=481.7 a17,20=481.7 

a19,1=24.82 a19,2=24.82 a19,15=0 

a19,17=0 a19,19=0 a19,20=0 

a20,1=24.82 a20,2=24.82 a20,15=0 

a20,17=0 a20,19=0 a20,20=0 
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Table 3 The criteria for external and internal diffusion. 

  

 

Run 

Cli at 30 

min 

(mol/cm
3
) 

rA.obs at 30 

min 

(mol/gcat.sec) 

Mears 

parameter 

Weisz-prater 

parameter 

Kc 

(cm/sec) 
CM 

Deff 

(cm
2
/sec) 

CWP 

1 0.00386 6.85x10
-8 

3.50x10
-2 

3.90x10
-6 

3.87x10
-6 

1.93x10
-4 

2 0.00466 3.39x10
-6 

2.65x10
-2 

2.90x10
-4 

2.83x10
-6 

1.10x10
-2 

3 0.00521 3.03x10
-6 

2.00x10
-2 

2.22x10
-4 

2.05x10
-6 

1.20x10
-2 

4 0.00494 4.53x10
-6 

2.65x10
-2 

2.65x10
-4 

2.83x10
-6 

1.40x10
-2 

5 0.00523 5.66x10
-6 

2.65x10
-2 

3.12x10
-4 

2.83x10
-6 

1.60x10
-2 

6 0.00503 4.89x10
-6 

2.65x10
-2 

2.80x10
-4 

2.83x10
-6 

1.45x10
-2 

7 0.00846 6.39x10
-6 

2.50x10
-2 

2.31x10
-4 

2.56x10
-6 

1.24x10
-2 

8 0.00171 1.69x10
-6 

2.43x10
-2 

3.11x10
-4 

3.26x10
-6 

1.27x10
-2 
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ABSTRACT 

    An experimental study was conducted with low cost natural waste adsorbent materials, barley 

husks and eggshells, for the removal of Levofloxacine (LEVX) antibacterial from synthetic waste 

water. Batch sorption tests were conducted to study their isothermal adsorption capacity and 

compared with conventional activated carbon which were, activated carbon > barley husks > 

eggshells with removal efficiencies 74, 71 and 42 % with adsorbents doses of 5, 5 and 50 g/L of 

activated carbon, barley husks, and eggshells respectively. The equilibrium sorption isotherms had 

been analyzed by Langmuir, Freundlich, and Sips models, and their parameters were evaluated. The 

experimental data were correlated well with the Langmuir model which gives the best fit for LEVX 

adsorption / biosorption on to activated carbon, barley husks, and eggshells respectively. 

   The adsorption capacity was almost dependent on temperature. The thermodynamic parameters 

associated with the adsorption process, ΔG
o 
, ΔHº and ΔSº were reported and it is suggested to be 

physisorption, and of exothermic nature. 

 Keywords: adsorption, biosorption, levofloxacine, activated carbon barley husks, eggshells 

 

 تقليذية هن  م  هواد غيرهن الواء الولوث باستخذا(LEVX) الوضادالحيوي ليفوفلوكساسين  اصتصهإ

 هخلفات طبيعية رخيصة
 الأحذ عبذ يوسف هنى رضا هحوذ ههنذ جاسن

 اسخار يساعذ يذسط

 بغذاد جايعت -انُٓذست كهٍت بغذاد جايعت -انُٓذست كهٍت

 

 خلاصةال

 يجًٕعت لأصانخّ يٍ انًاء انًهٕد عهى(LEVX) انبٍٕنٕجً نهًضادانحٍٕي انهٍفٕفهٕكساسٍٍ  الايذصاصصاص / يذدساست الإ حى

 لشٕس انشعٍش ٔلشٕس انبٍض ٔيماسَخٓا يع انكشبٌٕ انًُشظ:ًْ انًًخضاث غٍش انخمهٍذٌت يٍ يخهفاث طبٍعٍت سخٍصت يٍ يخخاسة

 ٔلج ,انٍٓذسٔجًٍُ انحًٕضت ,انشلى دسجت : يزم الإيذصاص  عًهٍت عهى عٕايم عذة حأرٍش حُأنج انذساست ْزِ .بطشٌمت انٕجبت

 لٍاط طشٌك عٍ الإيذصاص  ححذٌذ حى . انحشاسة انًًخضة ٔدسجت انًادة كًٍت ,انذٔاء حشكٍض ,انًًخضة ٔانًادة انذٔاء بٍٍ الاحصال

 (Spectrophotometer)   ٔانًشئٍت انبُفسجٍت فٕق الأشعت لٍاط خلال يطٍاف يٍ باسخخذاو الاحضاٌ ٔبعذ لبم انذٔاء حشكٍض

Spectrophotometer –Visible  الايذصاص  نخحذٌذ انُخائج ٔاسخخذيج,نهذٔاء انًُاسبت انًٕجت طٕل عُذ(Adsorbance)   

 %42،21،24ٔجذ اٌ كفائت الاصانت  حٍذ لشٕس انبٍض.˂ لشٕس انشعٍش˂ حٍذ حبٍٍ اٌ انكشبٌٕ انًُشظ  .الإيذصاص  ٔيُحُى

 حطبٍك حى .عهى انخٕانً لشٕس انبٍض ٔ لشٕس انشعٍش ،انكشبٌٕ انًُشظ نكم يٍ  g/L 50،5،5 عُذيا ٌكٌٕ حشكٍض انًادة انًًذصت

 الإيذصاص صاص / يذٔكزنك عذة يٕدٌلاث سٌاضٍت نلأAdsorption isotherms)  (عهى انُخائج   الإيذصاص  علالاث

 انبٍٕنٕجً حٍذ ٔجذ آَا راث اسحباط لٕي يع يٕدٌم لاَكًاٌش نجًٍع انًًخضاث اعلاِ. كًا حى حساب انًخغٍشاث انزشيٕدٌُايٍكٍت

ΔG
o
, ΔH

o
, ΔS

o
 نهحشاسة.  اعذبٌٔت ٔانبٍٕنٕجً رٔ طبٍعت فٍضٌا الإيذصاص /  الإيذصاص ٔحبٍٍ اٌ   , 
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1. INTRODUCTION 

  The occurrence of pharmaceutical products in the aquatic environment has become crucial topic in 

the last few years. The investigation efforts focused in an initial phase mainly on the environmental 

risk assessment and extensive data have been gathered to document the contamination of the aquatic 

environment by these pollutants, Nikolaou, et al., 2007; Farré, et al., 2008 and Kümmerer, 2009a. 

The studies point out the continuous introduction to sewage waters of these compounds along with 

their metabolites and the inefficiency of many conventional wastewater treatment plants (WWTPs) 

in their removal, Jones, et al., 2005; Batt, et al., 2006 and Kümmerer, 2009a. Antibiotics are 

among the most commonly detected pharmaceutical compounds in the aquatic environmental. 

Several classes of antibiotics have been detected in different environmental waters such as 

groundwater, surface, and in a few cases even in drinking water, Batt, et al., 2006 and Farré, et al., 

2008. Some of the major concerns about the presence of these drugs in the environment include 

possible ecotoxicological effects to non-target organisms human pharmaceuticals pollute aquatic 

environments and there is considerable scientific uncertainty about the effects that this may have on 

aquatic organisms. Human drug target proteins can be highly conserved in non-target species, 

Farré, et al., 2008; Kümmerer, 2009a and Santos, et al., 2010. Ecotoxicological assessment of 

pharmaceuticals has been based on acute toxicity experiments performed by standard tests according 

to existing guidelines (i.e. OECD) using laboratory organisms belonging to different trophic levels 

such as algae, zooplankton, other invertebrates and fish. There is very little information about the 

chronic toxicity, or the bioaccumulation potential of pharmaceuticals in biota and food chains. An 

exception represents diclofenac, which is accumulated in prey of vultures, Oaks, et al., 2004, and 

the development of antibiotic-resistant bacteria, Baquero, et al., 2008, and Kümmerer, 2009b. 

  Due to the high public and health concern about the presence of these compounds in the 

environment and there cognizance of the WWTPs as the major source of pharmaceutical 

contamination, a number of conventional and innovative treatment methods, such as activated 

carbon, oxidation via chlorination, zonation, Fenton and photo-Fenton, biological process (activated 

sludge treatment), and membrane bioreactor and filtration, have been evaluated, Homem, and 

Santos, 2011. Each option of treatment has its own limitation and benefit in removing trace 

contaminants.  

Adsorption is a well-established technique to remove pollutants, and it has been considered superior 

to other techniques in terms of initial cost, flexibility and simplicity of design, ease of operation, and 

insensitivity to toxic pollutants, Crini, 2006. One of the main advantages of the adsorption 

processes is that no byproducts are generated, Homem, and Santos, 2011. 

  Although activated carbon is probably one of the most effective methods for the removal of 

organic pollutants from water, its comparably high cost typically prohibits the treatment of large 

amounts of wastewaters; hence, alternative sorbent materials have been proposed that rely on low 

cost and readily available natural material, Crini, 2006, Ngah, and Hanafiah, 2008, Gupta, and 

Suhas, 2009 and Gupta, et al., 2009. Several waste materials from industry or agriculture have 

been studied as non-conventional sorbents for inorganic, Gupta, and Rastogi, 2008a; Freitas, et 

al., 2008 and Gupta, et al., 2010. As well as organic substances, Crini, 2006; and Gupta, and Ali, 

2008. Most frequently, these materials are chemically modified to increase their sorption capacities 

or to remove nonstructural constituents such as tannins, terpenes, or phenolic compounds, Crini, 

2006. 
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  LEVAQUIN® is a synthetic broad-spectrum antibacterial agent for oral and intravenous 

administration. Chemically, levofloxacin, a chiral fluorinated carboxyquinolone, is the pure (-) (S)-

enantiomer of the racemic drug substance ofloxacin. The chemical name is (-)-(S)-9-fluoro2,3-

dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]-nzoxazine-6-carboxylic 

acid hemihydrate. The chemical formula is C18H20FN3O4 • ½ H2O and the molecular weight is 

370.38 as in Fig. 1, RxList, 2013. 

 

   Levofloxacin is a light yellowish-white to yellow-white crystal or crystalline powder. The 

molecule exists as a zwitterion at the pH conditions in the small intestine. The data demonstrate that 

from pH 0.6 to 5.8, the solubility of levofloxacin is essentially constant (approximately100 mg/mL). 

Levofloxacin is considered soluble to freely soluble in this pH range, as defined by 

USP nomenclature. Above pH 5.8, the solubility increases rapidly to its maximum at pH 6.7 (272 

mg/mL) and is considered freely soluble in this range. Above pH 6.7, the solubility decreases and 

reaches a minimum value (about 50 mg/mL) at a pH of approximately 6.9. Levofloxacin has the 

potential to form stable coordination compounds with many metal ions. This in vitro chelation 

potential has the following formation order: Al
+3

>Cu
+2

>Zn
+2

>Mg
+2

>Ca
+2

, RxList, 2013. Binding 

and chelation of the Levofloxacin and metal ions will result in decreased adsorption of 

bioavalability of Levofloxacin and potential increase the risk for treatment failure of the infection. 

Although they can be beneficial in cases of heavy metal poisoning, chelating agents can also be 

dangerous. Use of disodium Ethylenediaminetetraacetic acid (EDTA) instead of calcium EDTA has 

resulted in fatalities due to hypocalcemia, RxList, 2013. 

                                                              

   The aim of this study is to compare and analyze the adsorptive behavior and the potential 

application of some adsorbents such as: activated carbon, and raw natural waste materials like barley 

husks and eggshells for the uptake of Levofloxacin Hemihydrate from aqueous solutions. The effect 

of the following parameters on adsorption process will be evaluated: Concentration of the drug used, 

amount of adsorbent used, contact time between adsorbent and drug (equilibrium time), particle size 

of adsorbent, pH value of the drug's solution, and temperature. 

 

2. THEORY 

2.1 Adsorption Mechanism, Isotherms, and Kinetics  

     Adsorption isotherms or known as equilibrium data are the fundamental concept in adsorption 

science that is the correct explanation of experimental adsorption in mathematical equations or 

functions.  

  Isotherm's parameters (qe, Ce, Kf, nf, qm, b, Ks, as, and βs) express the surface properties and affinity 

of the adsorbent at known temperature and pH. The most frequently isotherms used in describing the 

non-linear equilibrium are: Langmuir isotherm model assumes that the adsorption is limited to a 

monolayer, Freundlich isotherm model assumes that the adsorption is a multilayer, originally 

empirical in nature, but later was interpreted as the sorption to heterogeneous surfaces or surfaces 

supporting sites with various affinities, and Sips isotherm model represent combination of Langmuir 

and Freundlich isotherm models. 

   Adsorbents must have high abrasion resistance, high thermal stability and small pore diameters, 

those results in higher exposed surface area and hence high surface capacity for adsorption. The 

http://www.rxlist.com/script/main/art.asp?articlekey=10215
http://www.rxlist.com/script/main/art.asp?articlekey=5512
http://www.rxlist.com/script/main/art.asp?articlekey=32872
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEthylenediaminetetraacetic_acid&ei=OfmfU76KCa7B7Aa96oD4AQ&usg=AFQjCNFpeOGTYpsUVrqBdb_6xsXoqNh15g&sig2=J5dfaCs6zGyGgeFux46L9A
http://en.wikipedia.org/wiki/Hypocalcemia
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adsorbents must also have a distinct pore structure, which enables fast transport of the pollutants, 

Gupta, and Rastogi, 2008a. 

  
  The study of sorption kinetics of pharmaceutical products removal from wastewater is significant 

as it provides valuable insights into the reaction pathways and into the mechanism of sorption 

reactions. It describes the solute uptake rate which in turn controls the residence time of sorbate 

uptake at the solid–solution interface, Gupta, et al., 2009. 

 

2. 1.1 External mass transfer coefficient (kf) 

  The external mass transfer coefficient kf in meters per second, in a batch adsorber was determined 

from the concentration decay curves at optimum speed and the initial rate data, using Eq. (1), 

Ziagova, et al., 2007. 

 

    
      

    
  (

  

  
)                

  
  

⁄                                                                                       (1) 

 

2.1. 2  Pseudo-first-order kinetic model 

  The Lagergren rate equation was the first rate equation for the sorption of liquid/solid system based 

on solid capacity and this model represents physical adsorption for pollutants onto 

sorbent/biosorbent surface Eq. (2), Sulaymon, et al., 2013 and Gupta, and Rastogi, 2008b: 

 

                ))                                                                                                                   (2) 

 

2. 3 Pseudo-second-order kinetic model 

   If the sorption rate of system is a Pseudo-second-order mechanism, the rate-limiting step may be 

chemisorption involving valence forces through sharing or the exchange of electrons between 

sorbent and sorbate as covalent forces Eq. (3), Gupta, and Rastogi, 2008b; and Holan, and 

Volesky, 1995:  
                                                                                                                                                                                               
 

  
  

 

    
  

 

  
)                                                                                                                                   (3) 

 

The initial sorption rate is         
     and K2 Pseudo second-order coefficient. 

 

2.2 Sorption Thermodynamics 

  Based on fundamental thermodynamic concepts, it is assumed that in an isolated system, energy 

cannot be gained or lost and the entropy change is the only driving force. The apparent equilibrium 

constant for the process has been shown to be as shown in Eq. (4), Gupta, and Rastogi, 2008b: 

 

              )                                                                                                                         (4) 

 

  Also, enthalpy changes (ΔH) and entropy changes (ΔS) can be estimated by Eq. (5): 

 

                                                                                                                                       (5) 
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  The negative values of ΔH° reveal the adsorption is exothermic and physical in nature. Generally, 

the change in adsorption enthalpy for physisorption is in the range of −20 to 40 kJ mol
−1

, but 

chemisorptions are between −400 and −80 kJ mol
−1

, Tuzun, et al., 2005. 

3. EXPERIMENTAL PROCEDURE AND METHOD  

3.1 Levofloxacin Hemihydrate (LEVX) Adsorbate 

   Levofloxacin Hemihydrate (LEVX) 500 mg tablets were obtained from the commercial Iraqi 

market. For this study LEVAQUIN®500mg tablets are available as film-coated tablets and contain 

the following inactive ingredients: 500 mg (as expressed in the anhydrous form) crospovidone, 

hypromellose, magnesium stearate, microcrystalline cellulose, polyethylene glycol, polysorbate 80, 

synthetic red and yellow iron oxides and titanium dioxide, RxList, 2013. 

   Fresh  stock solutions of 500 mg/L LEVX were prepared daily by dissolving one tablet of LEVX 

in 1000 mL distilled water, 0.1M HCl was added to the solution to control the pH to 7,and then 

vigorously shacked on a mechanical gyratory shaker (HV-2 ORBTAL, Germany), 200 rpm for 1h.  

Absorbance was measured at 280 nm by (T80 Spectrophotometer /VIS spectrometer PG Instrument 

Ltd.) against blank at 30 ±3
o
C. The stock solution was protected from light exposure by aluminum 

foil and kept at room temperature, Sarkozy, 2001. Stock solutions showed stability at room 

temperature with time.  

 

Activated carbon, barley husks, and eggshells were used as adsorbents. Their characteristics were 

examined at the (Ministry of Oil, Petroleum Development and Research Center, Baghdad, Iraq) as 

shown in Table1 and according to APHA, 1995.   
 

3.2 Determination of the Optimum Contact Time and pH  

       The optimum contact time was found by measuring the time to reach equilibrium conditions 

when the uptake qe was constant with time for the three adsorbents. 0.5 g of activated carbon, and 

barley husk, while 5 g of eggshells were mixed with 100 mL of LEVX solution concentration of 150 

mg/L, 200 rpm, normal pH, and 30 °C. The optimum time was used for the next experiments. 

  The effect of pH on sorption LEVX onto activated carbon, barley husk and eggshells were studied; 

0.5 g of activated carbon, and barley husk, while 5 g of eggshells were mixed with 100 mL of 

LEVX solution concentration of 150 mg/L. These were maintained at different pH values ranging 

from 4 to 9 by using 0.1 M HCl or NaOH solution, the flasks were placed on the shaker at an 

agitation speed of 200 rpm for a period of 3 h (as found experimentally in Fig.2  and at temperature 

of 30°C. Samples of 10 mL were taken from each volumetric flask and measured by the 

Spectrophotometer. 

3.3 Isotherms 

   Different sorbate concentrations (25, 50, 75,100,125, and 150 mg/L) of 100 ml LEVX solution 

were used. 0.5 g of activated carbon, and barley husk, while 5 g of eggshells using (electronic 

balance Sartorius BL 210S) were placed separately in 250 mL volumetric flasks because of its low 

uptake of LEVX, respectively. pH of the solutions were adjusted to the desired value pH=7 using 

0.1 M NaOH or 0.1 M HCl. The flasks were then placed on the shaker, and agitated continuously for 

3 h at 200 rpm and 30°C. The samples were filtered by no. 42 Whatman filter paper. The final 

equilibrium concentrations of LEVX were measured by the Spectrophotometer, the adsorbed 

amount is then calculated by Eq. (6), Gupta, et al., 2010. 
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        )

  
                                                                                                                                  (6) 

 

 

3.4. Kinetics and Thermodynamics  

  Reaction pathways were found using 2 L pyrex beaker fitted with a variable speed mixer. The 

beaker was filled with 1 L of 150 mg/L concentration of LEVX and the agitation was started before 

adding the Activated carbon, barley husk, or eggshells as adsorbents separately. At time zero, the 

accurate weight of sorbent was added and the samples were taken at specified time intervals. The 

necessary dosage of sorbents, to reach equilibrium related concentration of Ce/Co equals to 0.05, 

were calculated from better isotherm model and mass balance Eq. (6). For accurate estimation of kf , 

samples were taken after 3, 6, 9, and 12 min and analyzed. 

  

  The principle parameter required for solving the batch model is the external mass transfer 

coefficient (kf) which was obtained using the concentration decay curve obtained from experimental 

data at optimum agitation speed and Eq.(1). 

 

 The effect of temperature on LEVX sorption onto each of activated carbon, barley husk and 

eggshells were determined using 0.5 g of activated carbon, barley husks, and 5 g of eggshells 

respectively, mixed with 100mL of 150 mg/L of LEVX solution. These were maintained at different 

temperatures ranging from 20 to 50 °C for a period of 3 h, and agitation speed was 200 rpm. 

Samples of 10 mL were taken from each volumetric flask and the absorbency was measured by the 

Spectrophotometer.  

 

4. RESULTS AND DISCUSSION 

4.1 Effect of Contact Time and pH  

   Barley husks show a constant uptake rate (50 min),while activated carbon uptake (about 110 min) 

for the same adsorbent dose, but eggshells show lower uptake (40 min) in spite of increasing the 

biomass dose (about 10 times more than activated carbon and barley husks), considering same 

operating experimental conditions as shown in Fig. 2. These are due to that the eggshells that have 

been measured by the Spectrophotometer; there was a high percentage of LEVX concentration in 

the raw material due to the use of the antibiotic in vaccines for the chickens.  

  The pH of the LEVX solution usually plays an important role in the sorption of LEVX, RxList, 

2013. Fig. 3, shows that the sorption capacities were enhanced significantly from 3.8 to 5.2 mg/g for 

activated carbon, from 2.1 to 3.7 mg/g for barley husk, and from 1.1 to 1.5 mg/g for eggshells, 

respectively, when pH value was raised from 4 to 7. The s effect of pH influences on adsorption of 

LEVX onto biomass adsorption capacities were increased with attractive interaction at pH 7 and 

decreased with repulsive interaction at pH 9. It could be indicated that combination of electrostatic 

interaction and hydrophobic force might effect on adsorption capacity of the biomass and activated 

carbon, same results were obtained by, Hattab, 2010, at pH of 7 the sorption capacity of LEVX 

onto charcoal was 5.5 mg/g. 
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4.2 Adsorption/Biosorption Isotherms 

  At equilibrium point adsorption/biosorption isotherms reflected the molecular distribution between 

the liquid and solid phases. At that point, adsorption quantity qe of LEVX onto activated carbon, 

barely husks, and eggshells, at initial concentrations, 25 to 150 mg/ L for LEVX, are shown in Table 

(2). The amounts of adsorbed/ biosorbed LEVEX increased with the increasing of the concentration 

of LEVX in the equilibrium solution, Hattab, 2010. 

  The analysis of experimental results of equilibrium adsorption isotherms is important in developing 

accurate data that could be used for adsorption design purpose. The adsorption isotherm curves for 

adsorption of LEVX onto activated carbon, barley husks, and eggshells, were obtained by plotting 

the equilibrium concentration Ce of the LEVX solute with the experimental uptake (qe) as shown in        

Fig. 4.  

  The adsorption/biosorption capacity (qe) and LEVX removal rate were related to the amount of 

sorbent/ biosorbent added Fig. 5; the greater adsorption/ biosorption capacity was obtained at lower 

sorbent/ biosorbent dose, these results agreed with, Gupta, and Ali, 2008 and Ziagova, et al., 2007. 

The higher removal rate was achieved at higher sorbent / biosorbent dose. The Langmuir model 

gives the best fit for the experimental data for LEVX adsorption / biosorption on to activated 

carbon, barley husks, and eggshells respectively, compared with Freundlich, and Sips models 

recognized by the highest values of (R
2
). These models have been used successfully to describe 

equilibrium sorption/biosorption, with results agreed with, Hattab, 2010. Results were compared 

for the three adsorbants in term of adsorption/biosorption capacities: Activated carbon > Barley 

husks > Eggshells. This is due to increase the saturation of adsorbent surface with increase in initial 

LEVX concentrations. The activated carbon has greater surface area for adsorption.  

 

 4.3 Adsorption / Biosorption Kinetics 

  The amount of activated carbon, barley husks, and eggshells, used for the adsorption of LEVX 

were calculated for final equilibrium related concentration of C/C0 = 0.05, the Langmuir model 

constants were used with the mass balance in 1 L of solution. The initial concentration was 150 

mg/L with doses 20.745, 30.722, and 720 g of activated carbon, barley husks, and eggshells 

respectively as shown in Figs. 6-8. The average calculated values of kf for each adsorbent were 

found to be 4.7×10
-6

, 1.3×10
-5

 and 1.33×10
-7

 m/s for activated carbon, barely husks, and eggshells 

respectively. These indicate that the rate of surface mass transfer of barely husks is higher than the 

other adsorbents. In other words, LEVX is absorbed by barely husks at higher rate than others. 

Pseudo-first-order and Pseudo-second-order. Table 3 show the Pseudo second-order model for 

LVEX, the correlation coefficient values for the linear plots being higher than 0.98 as shown in 

Figs. 9-10. 

 

4.4 Adsorption / Biosorption Thermodynamic 

  Table 4 shows the thermodynamic constants of adsorption / biosorption for LEVEX onto activated 

carbon, barley husks, and eggshells respectively. The value of enthalpy ΔH◦ was 7.478, 26.3 and 

20.91 kJ/mole for activated carbon, barley husks, and eggshells respectively, suggested the 

physisorption and exothermic nature of adsorption Fig. 11. This is also supported by the decrease in 

the values of uptake capacity of adsorbent / biosorbents with the rise in temperature, Sulaymon, et 

al., 2013. The values of entropy ΔS◦ were –0.0327, -0.095 and -0.0735 J/mole K, reflect the affinity 

of LEVX to be adsorbed onto activated carbon, barley husks, and eggshells respectively.  
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The increase in the value of the free energy ΔG◦ with the increase in temperature indicates that 

the adsorption / biosorption process is exothermic and it is thereby favored with decrease in 

temperature, thus, the process is better carried out at low temperature, Sulaymon, and Ahmed, 

2008. 

 

5. CONCLUSIONS  
   The equilibrium isotherm for single component is of a favorable type and Langmuir isotherm 

gives the best fit model for the experimental data , and adsorption capacity parameters for LEVX 

onto activated carbon > barley husks > eggshells. Optimum pH was 7. Van der Wall’s 

electrophoresis force play the major role in adsorption / biosorption of LEVX. There was a good 

matching between experimental and predicted data in batch experiments using second order kinetic 

model for all sorbent / biosorbents, sorption / biosorption of LEVX were exothermic and physical in 

nature. 
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NOMENCLATURE 

sips constant, dimensionless as 

langmuir adsorption constant related to the affinity to binding sites, l/mg b 

adsorbed on adsorbents surface concentration, mg/l Cad 

equilibrium concentration of LEVX, mg/l Ce 

initial LEVX concentration, mg/l Co 

saturation concentration of the adsorbed component, mg/l Cs 

concentration of LEVX at time t, mg/l Ct 

pseudo-first order coefficient, s
-1

 K1 

second order kinetics, l mol
-1

 s
-1

 K2 

Cad/Ce constant used in Eq. (4), dimensionless Kc 

fluid to particle mass transfer coefficient, m/s  kf 

freundlich adsorption constant, related to adsorption intensity, (mg/g)(mg/l)
1/nf

 KF 

sips constant, dimensionless  Ks 

freundlich adsorption constant, related to the affinity to binding sites, dimensionless nF 

amount of adsorbate adsorbed per mass of adsorbent of component, mg/g qe 

adsorbed LEVX quantity per gram of activated carbon, barley husk and eggshells at qeq 
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equilibrium, mg/g 

langmuir adsorption constant of the pollutants shows the maximum amount of pollutants 

bound to the activated carbon, barley husk and eggshells, mg/g 

qm 

uptake amount at time t, mg/g qt 

universal gas constant (=8.314), kj/mol.k R 

radius of adsorbent/ biosorbent particles, m Rp 

absolute temperature, k T 

time, s t 

volume of solution, l VL 

weight of adsorbent/ biosorbent (activated carbon, barley husk, and eggshells), g Wa 

standard Gibbs free energy change, kj mol
-1

  ΔG° 

change in enthalpy (heat of adsorption/sorption), kj mol
-1

   ΔH°  

change in entropy,  kj mol
-1

 ΔS° 

Sips constant,  dimensionless βs 

bulk density of adsorbent/ biosorbent, kg/m
3
 ρp 

 

Table 1. Physical characteristics of the adsorbents (Ministry of oil, petroleum development and 

research center, Baghdad, Iraq). 

Physical Property 
Barley  

Husk 
Egg Shells 

Activated 

Carbon 

Particle size range, (mm) 0.6 – 1 0.6 - 1 0.6 - 1 

Equivalent diameter, (mm) 0.775 0.775 0.775 

Apparent density,( kg/m
3
) 332 640 480-490 

Bulk density,( kg/m
3
) 1011 1600 450 

Solid density base dry, (kg/m
3
) 1480 2350 770 

BET Surface area, (m
2
/g) 0.302 0.163 1100 

Porosity 0.5 0.32 0.55 

Ash % 19.6 84 5 

 

Table 2.  Parameters of single solute isotherm for Levofloxacin onto activated carbon barley husks, 

and eggshells at initial concentrations 25 to 150 mg/L of LEVX. 

Model Parameters AC BH ES Reference 

Freundlich        
    

 

KF 2.059 o.468 0.0093 Gupta and 

Rastogi  

2008 

nF 1.625 0.958 0.775 

R
2
 0.970 0.982 0.986 

Langmuir      
     

      )
 

qm 34.211 125.735 5.6423 
Sulaymon                

et al. 

2013 

b 0.0335 0.00498 0.00435 

RL 0.421 0.834 0.816 

R
2
 0.995 0.988 0.995 

Sips    
    

  

      
  

 

ks 1.334 0.120 0.052 
Sulaymon                

et al. 

2013 

ßs 0.9116 1.604 0.622 

as 0.033 0.0029 -0.050 

R
2
 0.973 0.986 0.970 
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Table 3. Kinetic parameters for activated carbon, barely husks, and eggshells. 

 

 

 

 

 

 

 

 

Table 4. Thermodynamic parameters for activated carbon, barley husk and eggshells. 

 

 

 

 

 

Kinetic Model Parameter 
Activated 

Carbon 
Barley 

Husk 

Eggshell

s 

Pseudo-first-order 

(Equation 2.24) 

qe(mg/g) 30.66 23.81 17.12 

K1(min
-1

) 4.6× 10
-4

 1.4× 10
-4

 
1.15× 

10
-4

 

Correlation coefficient 0.7224 0.7022 0.8099 

Pseudo-second-order 

(Equation 2.28) 

qe cal. (mg/g) 4.71 6.87 0.21 

K2(mg/g.min) 0.0355 0.0108 0.1438 

h0 28.174 92.388 6.955 

Correlation coefficient 0.9988 0.9966 0.9846 

Adsorbents 
Temperature, 

K 

ΔG◦ 

(kJ.mol
−1

) 

ΔH
◦
 

(kJ.mo1
−1

) 

ΔS
◦
 

(J.mol
−1

K
−1

) 
R

2
 

Activated 

Carbon 

293 -0.91 

7.478 -0.0327 0.9778 
303 -2.418 

313 -3.424 

232 -4.503 

Barley Husks 

293 -1.769 

26.3 -0.095 0.989 
303 -2.524 

313 -3.448 

323 -4.653 

Eggshells 

293 -0.719 

20.98 -0.0735 0.966 
303 -1.049 

313 -1.986 

323 -2.856 
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                                 Figure 1. The chemical structure of Levofloxacin. 

 

 
Figure 2. Effect of contact time on the uptake of Levofloxacin onto activated carbon, barley husk 

and eggshells, Cbiomass= 0.5 g/L, C0Levofloxacin= 150 mg/L, pH= 7 and agitation speed= 200 rpm. 

 

 

Figure 3. Effect of pH on the uptake of Levofloxacin onto activated carbon, barley husk,       

Cbiomass= 5 g/L, and eggshells Cbiomass= 50 g/L, C0Levofloxacin= 150 mg/L, contact time = 3 h, and 

agitation speed= 200 rpm, temperature= 30°C. 
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 Figure 4. Adsorption isotherms of Levofloxacin as single solutes onto activated carbon, barley 

husk, Cbiomass= 5 g/L and eggshells, Cbiomass= 50 g/L, pH= 7 and agitation speed= 200 rpm. 

 

 
Figure 5. Effect of adsorbent/biosorbent amount on to the uptake capacity of Levofloxacin as single 

solutes, pH= 7, C0=150 mg/L, and agitation speed= 200 rpm. 
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Figure 6. Concentration-time decay data for Levofloxacin onto activated carbon, Cabsorbent= 20.744 

g/L, C0Levofloxacin = 150 mg/L, pH= 7 at different agitation speeds. 

 

 
Figure 7. Concentration-time decay data for Levofloxacin onto barley husk, Cabsorbent= 30.722 g/L, 

C0Levofloxacin = 150 mg/L, pH= 7 at different agitation speeds. 
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Figure 8. Concentration-time decay data for Levofloxacin onto Eggshells, Cabsorbent= 720.3 g/L, 

C0Levofloxacin = 150 mg/L, pH= 7at different agitation speeds. 

 

Figure 9. Pseudo-second-order model for Levofloxacin onto activated carbon and barley husk; 

C0Levofloxacin = 150 mg/L, pH= 7. 
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Figure 10. Pseudo-second-order model for Levofloxacin onto egg shells; C0Levofloxacin = 150 mg/L, 

pH= 7. 

 

Figure 11. Change in free energy with temperature for the adsorption/biosorption of Levofloxacin 

onto activated carbon, barley husks and eggshells, at initial concentration of 150 mg/l, pH 7. 
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ABSTRACT 

    In this paper an attempt to provide a single degree of freedom lumped model for fluid 

structure interaction (FSI) dynamical analysis will be presented. The model can be used to 

clarify some important concept in the FSI dynamics such as the added mass, added stiffness, 

added damping, wave coupling ,influence mass coefficient and critical fluid depth . The 

numerical results of the model show that the natural frequency decrease with the increasing of 

many parameters related to the structure and the fluid .It is found that the interaction phenomena 

can become weak or strong depending on the  depth of the containing fluid .The damped and un 

damped free response are plotted in time domain and phase plane for different model parameters 

It is found that the vibration free response is still sinusoidal for weak FSI coupling ,however for 

strong coupling it behaves as modulated periodic response .To justify some of the theoretical 

aspects such as; the effects of the fluid density and the interact shape on the natural frequency an 

experiment was conducted .The results of the experiment shows a good agreement with the 

theory where the error is not exceeded 7%. 

 

Key words: FSI, mass influence coefficient , interact shape ,added mass ,added damping  

 

 نمىرج رو درجة حرية واحذة لتحليل الاهتساز للهيكل المتفاعل مع المائع

 
 محمىد رشيذ اسماعيل 

 هذسط 

ٌذستكل٘ت الِ   -   خاهؼت الٌِشٗي

 

 الخلاصة
 فٖ ُزا البحث هحاّلت لخْف٘ش هْدٗل رّ دسخَ حشَٗ ّاحذة للخحل٘ل الذٌٗاه٘كٖ للِ٘اكل الوخفاػلَ هغ الوْائغ

ة الوضافت ّالخخو٘ذ ءهثل الكخلَ الوضافت ّالدسا الخفاػلٖ  ذٌٗاه٘كالالٌوْرج لخْض٘ح هفاُ٘ن اساسَ٘ فٖ ُزا .ٗوكي اسخخذام  

لخذاخل الوْخٖ ّهؼاهل الكخلت الوؤثش ّػوق الوائغ الحشج .بٌ٘ج الٌخائح الؼذدٗت اى الخشدد الطب٘ؼٖ ٗخٌاقص بخاث٘ش الوضاف ّا

صٗادة بؼض الوؼاهلاث الخٖ حخص الِ٘كل ّالوائغ .كوا بٌ٘ج الٌخائح باى ظاُشة الخفاػل ٗوكي اى حكْى ضؼ٘فَ اّ قْٗت ّرلك 

الاسخدابت الحشٍ الوخوذة ّالغ٘ش هخوذة باسخخذام احذاث٘اث الضهي ّطشٗقت  هسخْٕ  اػخوادا ػلٔ ػوق الوائغ الحإّ .حن سسن

الطْس لؼذة هخغ٘شاث فبٌ٘ج الوخططاث اى اسخدابت الاُخضاص حبقٔ هْخَ٘ فٖ حالت الخفاػل الضؼ٘ف بٌ٘وا حكْى هي الٌْع 

حاث٘ش كثافت السائل ّالشكل الوخفاػل فقذ حن الذّسٕ الوخضوي فٖ حالت الخفاػل القْٕ .للخحقق هي بؼض الٌخائح الٌظشَٗ هثل 

.%7اخشاء حداسب ػول٘ت .بٌ٘ج الٌخائح الؼولَ٘ حطابق خ٘ذ هغ الٌظشٕ ح٘ث لن حخؼذٓ ًسبت الخطأ   

 

 :الِ٘اكل الوخفاػلت,هؼاهل حأث٘ش الكخلت ,الشكل الوخفاػل ,الكخلَ الوضافَ ,الخخو٘ذ الوضاف. الكلمات الرئيسية
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1. INTRODUCTION  

     The dynamics of fluid structure interaction (FSI)  has wide applications in many branches of 

engineering such as aerospace ,aerodynamics, ship motion, medical applications and other flow 

induced vibration problems. 

    In the FSI systems the couplings between, fluid and structure include many kinds. It is well 

known now as frictional coupling, Poisson coupling, junction coupling, Bourdon coupling, 

wave-.flow coupling and wave–wave coupling, etc ,Amabili,2000. 

   In general the dynamical behavior of structures interacts with fluid is very complicated and 

they are normally evaluated by numerical technique like finite element or finite difference 

methods .Many models are treated by using simulation methods based on experiments under 

wind tunnel .An exact analytical models are seldom available in the literature, however there 

existed many approximate models for analyzing some special problems under some assumptions 

. For example an idealized case of elastic structure in free lateral vibration and interacting with 

an enclosure fluid cavity where the fluid medium has been infinite was investigated by 

Aitkinson, et al.,2007 ,in their analysis,  the wall reflecting of the fluid pressure  waves was 

neglected. Daniel et al., 2007 constructed a model for analyzing vibration of cantilever beam 

interact with finite volume air cavity for using in vibration of health monitoring .The analysis of 

the coupled free vibration of distributed structure such as beams, plates and shells in interaction 

with a fluid-filled was performed by Gorman et al., 2001, which produced natural frequencies 

of the coupled system .The results were agreed well with the finite element analysis and 

experiment . Sarkar and Paidoussis, 2004, treated the dynamical behavior of pipes conveying 

fluid as another type of FSI syatems .It was  found that, the fluid adds additional forces on the 

structure such as axial and coriolis forces . An extended literature survey about the FSI can be 

found in a book published by Paidoussis, 1998. 

   In the present work an attempt to provide a lumped one degree of freedom model for treating 

the FSI dynamic will be presented. The present model treats the various fluid effects such as the 

added mass, added stiffness, added damping and the fluid pressure wave for compressible and 

incompressible fluids. Such a model may has the benefit of its simplicity for the approximate 

analysis of FSI as a first insight in this vital field.   

 

2. THEORITICAL CONSIDERATIONS 

  Consider a coupled fluid-structure 1-DOF mass-damping–stiffness (m-c-k) model shown in 

Fig.1, is  interacting with a enclosed fluid space of depth H. The coordinate of the mass is y and 

that of the fluid container is Y as shown in the figure .The containing fluid is considered inviscid 

(non viscous) which may be compressible or incompressible.  For small vibration the effect of 

vortex is neglected. 

The equation of motion of 1-DOF mass spring damper, taking into account the effect of the 

induced pressure force is; 

 

 

                                                             (1) 

 

 

Where s and d refer to the structure and the added parameters due the fluid effect, respectively. 

Eq.(1) can be written in the following form ; 

 

Hy
PAky

t

dy
C

dt

yd
m
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                                                                                                       (2) 
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Where,  

m= ms +md 

C=Cs+ Cd 

k=ks+ kd,                                                                                                                                     (3) 

 

are the total mass ,damping and stiffness, respectively .P is the pressure and A is the interacted 

area of the mass block . 

 

Now dividing Eq.(2) by m  giving; 

 

 

                                                                                                 (4)  

  

 

As shown in Fig. 1, the fluid boundary lies only under the mass block . The fluid domain is 

bounded above by the block mass and by perfectly absorbent walls on all other sides. The fluid 

is assumed to be inviscid and may be compressible or incompressible and can well described by 

Laplace's equation over the domain.  The boundary condition of the fluid-structure interface is 

described as a Neumann boundary condition by coupling the velocities across the interface 

Blevins, 2010. The sides and bottom containing the fluid represent a Dirichlet boundary at 

which the fluid potential is zero.  The fluid system can be characterized by the following 

Laplace's equations Paidoussis,1998. 

  

2

2
22 )

1
(

tS 





                                                                                                                         (5a)            

 

Where  ϕ is potential flow function and S is the speed of sound .For one dimensional motion (in 

Y direction only) the potential function takes the following form;    

  

2

2
2

2

2

)
1

(
tSY 






 
                                                                                                                         (5b) 

 

Eq.(5b) can be solved by trying the following harmonic solution; 

 

 tieYtY  )(),(                                                                                                                           (6) 

 

Separating the variable leads to the following general solution; 

 

tieY
S

CY
S

CtY 
 ]cossin[),( 21                                                                                            (7) 

 

Where C1 and C2 are arbitrary constant depending on the boundary conditions and ω is the 

natural frequency. 

The velocity at the bottom is zero; hence the first boundary condition is; 

0
0
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                                                                                                                          (8) 
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Substituting Eq.(8) into Eq.(7) ,Gives;C1=0 

Hence Eq.(7) is reduced to;  

 

tieY
S

C 
 )cos(2                                                                                                                    (9)  

                                                                                        

 Now the fluid pressure, P  excreted at the bottom surface of the mass block can be evaluated as 

follows, Atikinson and Marique, 2007, 

 

HYHY t
SP

 





                                                                                                               (10) 

 

     Combining of Eqs. (4,9) and (10) giving; 

                                                       

 

                                                                (11) 

 

 

The solution of Eq.(11) can be written as;  

 

tie
mCkimk

SHSAiC
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)/(

)/cos(
2

2




                                                                                              (12) 

 

Eq.(12) can be used to plot the free vibration response due to a given initial conditions in the 

time domain.  

At Y= H, the fluid velocity yV  and the lateral velocity of the mass are equal, hence the second 

boundary condition is ; 

 

t

y

Y HY 











                                                                                                                             (13)  

  

Substituting Eq.(13) into Eq.(12), gives the frequency equation of free vibration of the FSI  as 

follows;                           

0tan
)/(2

2


 S

H

mCkimk

SA 




                                                                                        (14) 

 

As stated above Eq.(3) the parameters m, C and k combine the structure parameters and the 

added ones due to the fluid interaction .The added parameters may be evaluated as the following  

 

A-The added mass; 
   The added mass represents the fluid mass displayed by the block as it vibrates (Archimedes 

principle ).It can be calculated from the following equation Paidoussis, 1998 ; 

Id ACm                                                                                                                                   (15) 
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Where CI denoted  the added mass influence coefficient which depends on the geometry of the 

body interacts with the fluid and can be found from tables presented by Blevins, 2010  . 

For example CI=1 and 1. 86 for circular and square cross sections , respectively. 

 

B-The Added Damping  

    The damping mechanism is complex phenomenon which depends on many factor associated 

to the fluid and structure parameters such as viscosity, types of fluid ,the lift and drag forces , 

boundary conditions ,structure mass and stiffness ,fluid hammering, etc. However for still and 

non-viscous fluid with rigid bounded structure as it is the presented case, it is assumed that the 

predominate damping effect is due to the fluid hammering .This phenomena can be   resulted 

from the influence of  the shock resulting from  the pressure wave as it strike the block due to 

vibration motion .The additional pressure induced by the surface area of the block can be 

evaluated according to Joukowsky equation as; 

 
dt

dy
SPh                                                                                                                                  (16) 

  

Due to this pressure the force excreted  on the block is ; 

 

F=Ph A 

                                                                                                                                                    (17) 

This force will create an additional damping force given by;   

F= Cd
dt

dy
                                                                                                                                   (18) 

 

Combining, Eqs. (16) ,(17)and (18) ,the added damping , Cd can be evaluated as; 

 

SACd                                                                                                                                     (19) 

 

C-The Added Stiffness 

 The added stiffness depend on the compressibility of the fluid and the geometry of its container 

In other words on the bulk modulus of the enclosed fluid .However for the present model since 

the fluid is not perfectly enclosed and can be easily escaped ,the effect of the added stiffness is 

so small and can be neglected . 

 

Finally , considering the above effects the free time response Eq.(12) and the  frequency 

equation  Eq.(14) will take the following forms ;  
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  Eq. (21) has two terms; the first is characterized by the structure stiffness ,damping and mass 

and the second term is characterized by the fluid container .The FSI natural frequency is a 
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contributing of the two effects. An inspection of   the second term  it can be seen that this term 

can  take two extreme values , which are; zero and infinity .When this term becomes  zero this 

means that the FSI coupling effect due  to the fluid is weak ,however, when it becomes infinity 

the FSI effect becomes strong . Hence one gets; 

 

For weak FSI ;
S

H
tan =0, which gives , ω=Sπ/H 

For strong FSI;
S

H
tan =∞, which gives ,ω=Sπ/2H                                                                  (22) 

 

Keeping in mind that only one root of the tangent function is taken since the model is 1-DOF. 

For a certain fluid, the speed of sound S is constant, so that Eq. (22) indicates that the depth H is 

the only parameter which define  the weakness or strengthens effects of the fluid on the natural 

frequency .In other words  there are certain critical values of H at which the FSI coupling 

becomes maximum or minimum. This conditions are also observed by other FSI models for 

example the model given by Daniel et al., 2007 . 

 

3. EXPERIMENTAL INVESTIGATION  

   To justify some of the theoretical concepts an experiment was carried out .The main aim of the 

experiment is to investigate the effects of fluid and the interact shape on the natural frequency 

To maintain a same mass weight with different interact shapes. three plastic shapes was prepared 

and attached by using the arrangement shown in Fig.2. The dimensions and the corresponding 

mass influence coefficient of these  samples are given in  Table.1. 

The test rig consists of the apparatus and the measuring instruments as shown in Fig.4.The 

apparatus consists of mass-spring system (k=2500N/m ,m=0.28 kg), as well as the fluid 

container (D=0.1 m, H=0.23 m) .These parameters are chosen to insure that the system is at the 

strong coupling regions. The measuring instruments are the accelerometer, charge amplifier and 

oscilloscope .In this test, water and kerosene (ρ =780 kg/m
3
) are used as working fluids .For 

each fluid the three samples were used .The vibration  signal was picked up by the accelerometer 

and amplified by the charge amplifier and fed to the scope .The natural frequency was recorded 

from the scope as shown in Fig.4 .  

 

4. RESULTS AND DISCUSSIONS  

   Exanimating of Eqs .(19) and (20)  indicate that, the dynamical behavior of the present FSI 

model  is  affected by two main groups of parameters .The first are associated to the structure 

which are ms , k A, CI and C. The seconds are associated to the containing fluid  which are ρ, S, 

and H .The effects of ms , k  and  C  can be  clearly understood  from considering the elementary 

analysis of a damped single degree of freedom oscillator The goal  of the present investigation is 

to focus on the additional FSI parameters . 

  Figs.5,6, and 7,  display the effects of the interacted area of the block mass ,fluid density and 

the influence mass coefficient on the natural frequency . In plotting these figures the following 

model parameters are chosen; ms=0.25 kg (round cross section)  ,C=20 Ns/m , k=500 N/m and 

H=0.25 m. With these data the vacuum natural frequency (i.e. without fluid) can simply be 

calculated as ω= 44.72 r/s . 

  In Fig.5, the area of the block mass is varied from 0.05x10
-5

 to 2.05x10
-5

 m
2
 .As it is clear from 

this figure that ; increasing the area tends to reduce the natural frequencies .This behavior is 

logical since increasing the area produces resistance against the mass motion . 
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Fig.6 shows the effect of the influence coefficient which depends on the geometry of the block 

mass area .The minimum value of this coefficient is associated to the circular shape .The 

coefficient value increases as the shape become more complicated Blevins.2010.Examining of  

Fig.6 indicates that increasing of the influence coefficient reduce the natural frequency, also 

This can be attributed to the increasing of the total mass  which decreases the natural frequency .  

 In Fig.7, the effect of the fluid density is investigated for rang values from 1 to 1000 kg/m
3
 

Again the natural frequencies decrease with the increasing of the fluid density. 

 The un damped (C=0) natural response of the same model with the additional parameter data   

ρ=1000,H=0.25 , A=0.4x10
-4

 with rectangular shape , is plotted in Figs. 8, a and b in time 

domain and phase plane ,respectively .As it can be seen from these figures that the response is 

clean sinusoidal . To identify the response of the  model near and at  the strong zone of FSI 

coupling , the depth  is assigned a new value  which are (H=0.7 and 0.8 m) .The results are 

plotted in Figs.9  and 10 for (2x10
-7

m,0) initial displacement and velocity .In general these 

figures tell that the response is still sinusoidal  but with variable amplitude this means that the 

response is a result of the modulation of two wave frequencies  .These two frequencies are the 

acoustic wave frequency and the system natural frequency. The effect of this modulation 

becomes  more clearly visible when the depth reach critical value (0.8 m) as it is shown in Fig. 

10,a and b in both time and phase plane response . 

 The effect of damping is investigated in Figs.11 .The damping ratio of the model is assigned 

ζ=0.1 value (ζ=C/2mω) .The under damping response at the strong zone is plotted in time 

domain and phase plane. The spiral trajectory of the phase plane indicates that the system is 

stable and the oscillation will be diminished after about ten periods.  

    The experimental and the corresponding theoretical results of the tested samples are collected 

in Table 2.In general the results show the decreasing in the natural frequencies due to the effects 

of the fluid and the interacting shape as it compared with the vacuum (without fluid) natural 

frequency .This confirm the theoretical conclusion that ;as the interact area becomes more 

sharply edge (from circular to squarer shape) the natural frequency decrease .Such a behavior 

can be attributed to the effect of drag force which increases as the profile sharpness increases 

.Moreover ,that; the natural frequency takes lower values  as the fluid density increases (ρ 

water=1000 kg/m
3
, ρ kerosene=780kg/m

3
)  . From comparing the experimental and theoretical the 

results show good agreements where the maximum error is not exceed the 7% .Also that the 

experimental results in general is lower than the corresponding theoretical .This may be due to 

the effect of the several  sources of  damping (friction ,drag ,internal , etc.) which are very 

difficult to be taking into account  .  

  

5. CONCLUTIONS 

    A lumped single degree of freedom analysis for FSI dynamics is treated in this work .It is 

found that; despite of its simplicity , it  can serve a good model for  investigating several main 

aspects of the FSI .The natural frequency was investigated .It is found that increasing the 

interacting area and the fluid density will reduce the natural frequency .Also, that the natural 

frequency can be increased as the shape of the interact area become irregular or complex .The 

free damped and un damped response are plotted in time domain and phase plain , It is 

concluded that the response in general is sinusoidal  but it highly affected by the depth of the 

containing fluid .At certain critical fluid depths the FSI coupling become weak so that the  

response takes a pure sinusoidal form  .However at other depth values the FSI coupling become 

strong leading to a modulated sinusoidal  form  . 
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Some aspects of the FSI was investigated experimentally such as the effects of fluid density and 

the shape of the interacting area .Comparing the results show good agreements where the 

maximum error is not more than 7% . 

The model can be regarded as a useful tool for engineers for the crude estimating  of the 

fundamental natural frequency and response  of FSI systems .  
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7. NOMENCLATURE  

Ω= natural frequency, rad/s
 
 

ζ = damping ratio 

A= interact area , m
2
 

C:=total damping , Ns/m 

Cs=structure damping , Ns/m 

Cd= added damping ,Ns/m 

CI =mass influence coefficient  

K=total stiffness ,N/m 

ks= structure stiffness,N/m 

kd= added stiffness , N/m 

m = total mass ,kg 
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md= added mass ,kg 

ms= structure mass ,kg  

H= fluid depth ,m  

S =speed of sound ,m/s 

 

 
Figure 1. Schematic diagram of the idealized coupled FSI system. 

 

 
 

Figure 2.The tested samples. 

 

 
Figure 3. The mass-interacting shape arrangement. 
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Figure 4.The test rig. 
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Figure 5. Effect of interacting area on the natural frequency. 

 
 

Figure 6. Effect of fluid density on the natural frequency. 
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Figure7. Effect of mass influence coefficient on the natural frequency. 
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(a)                                                                     (b) 

Figure 8. Natural response at weak interaction zone, 

(a) in phase plane (b) in time domain . 
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Figure 9. Natural response close to strong interaction zone, 

(a) in phase plane (b) in time domain . 
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Figure 10. Natural response at strong interaction zone, 

(a) in phase plane (b) in time domain. 
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Figure 11.Damping response at ζ=0.1, 

(a) in phase plane (b) in time domain. 

 

Table 1. The tested samples dimensions and influence coefficients. 
 

Sample no. Shape Radius or side 

length(m) 

Area CI 

1 Circle 0.082 πa2 1 

2 Polygon 0.032 2(1+√2)a2 1.23 

3 Squarer 0.073 a2 1.86 

      

Table 2.Experimental and theoretical natural frequencies (Hz). 
 

Interacting 

Shape 

Vacuum (without 

fluid) 

Kerosene Water 

Theo. Exp. Theo. Exp. Theo. Exp. 

Circle 

11.2540 10.5 

7.0337 6.5 6.4975 6 

Polygon 6.5523 6 6.0155 5.5 

Square 5.6975 5.2 5.1801 4.8 
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ABSTRACT 

The present paper describes and analyses three proposed cogeneration plants include back pressure 

steam-turbine system, gas turbine system, diesel-engine system, and the present Dura refinery plant.  

Selected actual operating data are employed for analysis. The same amount of electrical and thermal 

product outputs is considered for all systems to facilitate comparisons. The theoretical analysis was 

done according to 1
st
 and 2

nd
 law of thermodynamic. The results demonstrate that exergy analysis is 

a useful tool in performance analysis  of cogeneration systems and permits meaningful comparisons 

of different cogeneration systems based on their merits, also the result showed that the back pressure 

steam-turbine is more efficient than other proposals. Moreover, the results of the present work 

indicate that these alternative plants can produce more electric power than that required in the 

refinery. At present time, the industrial cogeneration plants are recommended in Iraq, especially in 

petroleum industry sectors, in order to contribute with ministry of electricity to solve the present 

crisis of electric power generation. Such excess in the power can sold to the main electric network. 

The economic analysis are proved the feasibility of the proposed cogeneration plants with payback 

period of four year and six months ,three year and eight months, and ten years  for steam 

cogeneration plant, gas turbine cogeneration plant and diesel engine cogeneration plant respectively. 

 

Key words: cogeneration, power plants, energy, refinery, economic  

 

 استخذام محطات التوليذ متعذدة الاغراض في الصناعة النفطية في العراق

 
فلاح فاخر حاتمد.   

 يحاضش

قسى ُْذست انًكائٍ ٔانًعذاث -انضايعت انخكُٕنٕصٍت   

 

 الخلاصة

ذو فً ٔيقاسَخٓا بانٕاقع انحانً انًسخخ انخٕنٍذ يخعذدة الاغشاض يحطاثيٍ زلاد يقخشحاث ن ٔصف ٔححهٍم انحانً انبحذٌخضًٍ 

حذاث بخاسٌت بخٕسبٍٍ رٔ ضغظ خهفً. حى انخحهٍم ٔانًقخشحت حشًم انٕحذاث انغاصٌت ٔٔحذاث انذٌضل ٔ انًحطاثيصفى انذٔسة. 

يفٕٓو فائذة اسخخذاو ُخائش اظٓشث  ان ث عًم حقٍقٍت.ٔباخخٍاس يعطٍا لأل ٔ انزاًَك ااداً انى قإًََ انزشيٕدٌُاياسخُٔانًقاسَت 

الاسخفادة يٍ يًٍضاث انخٕسبٍٍ رٔ انضغظ انخهفً ٔ  خز بُظش الاعخباسلايع أيقاسَت  انبذائم انًقخشحت  الاكسٍشصً فً ححهٍم

حفٕق  حٕنٍذ طاقت كٓشبائٍتانى ايكاٍَت اضافت حٍذ الاداء باَّ افضم يٍ بقٍت انبذائم يٍ  نّ فً يحطاث انخٕنٍذ يخعذدة الاغشاضادخا

ْزِ انبذائم فً انصُاعت  الاساط َٕصً باسخخذاوْزا  ىعهٔحم اصيت انكٓشباء فً  ٔحساْىْزِ انطاقت حذعى ٔ احخٍاس انًصفى

حسأي  رٔ انضغظ انخهفً انُفطٍت .اربج انخحهٍم الاقخصادي اٌ فخشة اسخشداد ساط انًال انًسخزًش فً يُظٕيت انخٕسبٍٍ انبخاسي

عهى  سُٕاثشٓش ٔعششة نً رلاد سُٕاث ٔرًاٍَت اٌت ٔٔحذة انذٌضل حسأي حٕاحقشٌبا بًٍُا نهٕحذة انغاصَٔصف اسبع سُٕاث 

   . انخٕانً
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1. INTRODUCTION  

Cogeneration is the production of electricity and heat energy for process simultaneously from the 

same energy source. Cogeneration plants capture wasted thermal energy. The main advantage of 

these systems is their ability to improve the thermal efficiency of the fuel used in the production 

more than one useful form of energy. Also cogeneration lead to significant environment advantages, 

that is the increase in efficiency and corresponding decrease in fuel used by a cogeneration system 

compared to other conventional processes for thermal and electrical energy production, normally 

yield large reductions in greenhouse gas emissions. Cogeneration systems utilizing internal 

combustion engines and gas-turbines in open cycle are the most utilized technologies worldwide. 

Heavy fuel-fired diesel power plants run on relatively inexpensive diesel fuel, a low-grade product 

of oil refineries such power plants can be set up quickly, normally in less than twelve months to 

generate hundreds of megawatts of energy. Large diesel engine-cogeneration systems are 

particularly well suited to applications requiring a relatively high proportion of electrical power 

compared to thermal products Benelmir, and Feidet, 1998. Many energy and exergy analyses of 

cogeneration systems have been reported and pointed out their advantages. Ertesva, 2007 presented 

an exergetic comparison of efficiency indicators for cogeneration and he concluded that exergetic 

improvements were only captured to a limited degree by the various energy-based efficiency 

indicators. Ust, et al., 2007 optimized a gas-turbine regeneration system by an exergetic 

performance criterion and indicated the advantageous of this method. Khaliq, and Khan, 2007, 

analyzed a gas-turbine heat and power system using the first and second law of thermodynamics. . 

Kathem, 2007, proposed using a back-pressure turbine instead of the present plant used in the Dura 

refinery in Baghdad. The result showed a substantial increase in efficiency (6-13%) as well as the 

achievement of (24%) saving in fuel. Moreover, the results of his work indicate that these alternative 

plants can produce more electric power than that required in the refinery. Such excess in the power 

can sold to the main electric network. Isam Aljundi, 2009, analyzed the system components of Al-

Hussein power plant in Jordan using exergy and energy concept he concluded that there is no drastic 

change was noticed in the performance of major components and the main conclusion remained the 

same; the boiler is the major source of irreversibility in the power plant, chemical reaction is the 

most significant source of exergy destruction in a boiler system which can be reduced by preheating 

the combustion air and reducing the air–fuel ratio. Godoy, et al., 2010, presented optimization 

designs of a combined gas turbine (CCGT) power plant by second law efficiency, technical 

relationships are used to systematize optimal values of design and operative variables of a CCGT 

power plant into optimal solution sets named as optimal solution families. Godoy, et al., 2011, 

optimized combined cycle gas turbine power plants characterized by minimum specific annual cost 

values are determined for wide ranges of market conditions as given by the relative weights of 

capital investment and operative costs, by means of a non-linear mathematical programming model. 

A strategy for simplifying the resolution of the rigorous economic optimization problem of power 

plants is proposed based on the economic optima distinctive characteristics which describe the 

behavior of the decision variables of the power plant on its optima. Abdolsaeid, et al., 2012,zaaaaa 

presented comprehensive thermodynamic modeling of a dual pressure combined cycle power plant 

using exergy concept , results are compared with an actual data taken from one of the Iranian power 

plant to ensure the developed code, then they made optimization for number of decision variables to 

have a better understanding and optimal design of the system, The results show that gas turbine 

temperature, compressor pressure ratio and pinch point temperatures are significant design 

parameters. In this paper thermal analysis and economic analysis of various refinery cogeneration 

http://www.sciencedirect.com/science/article/pii/S1359431108001129
http://www.sciencedirect.com/science/article/pii/S1359431109003214
http://www.sciencedirect.com/science/article/pii/S1359431109003214
http://www.sciencedirect.com/science/article/pii/S0196890412000180
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plants is conducted through energy and exergy efficiencies, four plants are considered one of them is 

currently serves the Dura refinery, Baghdad and the others are proposed. 

 
2. MATHEMATICAL MODEL 

2.1. First and second laws analysis and thermodynamics relations 

i. The general energy and exergy efficiencies, these are given as: Hameed, 1990. 
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This relation is referred to as the utilization efficiency to differentiate it from the thermal efficiency, 

which is commonly used for a power plant with single output power. 

It is normally inappropriate to compare commodities that are different. Although work and heat have 

the same units, they are fundamentally different, with work being more valuable. The efficiency in 

Eq. (1) treats the electrical and thermal products equally. We can overcome this deficiency by 

defining the efficiency of a cogeneration plant based on the second law of thermodynamics using the 

concept of exergy (i.e., exergy efficiency or second-law efficiency), as the ratio of total exergy 

output to exergy input: 
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Where fex  is the specific exergy of the fuel. The exergy of a fuel may be obtained by writing the 

complete combustion reaction of the fuel and calculating the reversible work obtainable assuming 

all products are at the state of surroundings. The exergy of the fuel is equal to the reversible work. 

For fuels which yield water as a combustion product, the exergy of the fuel differs depending on the 

phase of water (vapor or liquid). Szargut, et al., 1988, list the exergies of various fuels based on 

vapor phase of water in combustion gases. 

 

ii. Power to heat ratio (PHR)  

It is the ratio of the electric energy produced to the heat process, it is given by: 

H

E
PHR                                                                                                                          (6)                                                                                                                       
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iii. Net heat rate (NHR) 

It is the ratio of fuel convertible-to-power to net electricity generated. The fuel convertible-to-power 

is the fuel energy input rate less the amount that would be necessary to produce the useful thermal 

energy only by conventional means.it is determined by: 
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                                                                                                                (7) 

 

iv. Consumed fuel rate 

The relationship between the overall efficiency, generated power, consumed fuel rate and low 

heating calorific value is given by: 
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                                                                                                                        (8) 

 

We can estimate the consumed fuel rate per MW of power for different type of fuel, the result are 

tabulated in Table 4 and used to estimate the rate of consumed fuel. 

 

v. Fuel saving rate (FSR)  

It is given by: 
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                                                                                            (9)  

 

Where mf is fuel consumed for the same output (heat + electric) from both plants. Considering the 

lack of electric power (generated in the present plant) are supplied from another condensing plant 

with η= 0.35 (estimated from Table 4) 

 

2.2 Economic analysis 
The economic evaluation of the cogeneration plants depends on the payback period, the short period 

is desired. The payback period calculated from: 
 
Mehervan, 2002. 
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The total cost (Ct) is the sum of the annual fixed cost and running cost, the annual fixed cost is the 

sum of annual payment and maintenance cost, the annual payment is the investment times   capital 

recovery factor (CR ) , the capital recovery factor is given by: 
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The total annual income (Ref) is the sum of the incomes from electricity and heat energy sealing. 

The maintenance cost and the other cost are taken as a percent of the investment, the running cost 

mainly annual fuel cost, all the required data for economic analysis are taken from Meherwan, 

2002.  

 

3. DESCRIPTION OF THE PRESENT AND PROPOSED COGENERATION PLANTS 

i. Present plant 

Dura refinery was established in the middle of the last century and Iraq nowadays is interested in 

reconstruct his old refineries and inspired to build a new refineries. Therefore several researchers 

found that it is necessary to analyze the heat cycle of the present Dura refinery and propose a new 

design for cogeneration plants
 
 Kathem, 2007 and Hameed, 1990. 

The present plant shown in Fig.1 supplies the whole refinery with 21.6 ton/h process steam at 18 

bars, 260 
o
C   as well as about 4.5MW electric power Hassan, 1988. An additional 11 MW of 

electricity is purchased from the main electric network. Fig. 1 shows the unit, while Table 1 shows 

the quantitative details for the unit.  

ii. Back pressure steam turbine cogeneration plant 

The back-pressure non-condensing turbine of type R-50-127-13 were suggested, where the first 

number refers to power (MW), the middle one refers to inlet turbine pressure (bar) and the last 

number refers to turbine exit pressure (bar) Kathem, 2007. The back-pressure turbine can generate 

maximum electricity at approximately the same time as the system heat at its peak demands. 

Furthermore, it is simple in design and has high reliability and it also has a very low heat rate which 

permits the achievements of high fuel savings. Also, its equipment cost and space requirements for 

back-pressure (non-condensing) units are very much less than for condensing units. In this 

cogeneration system boiler was selected according to operation condition of Kathem, 2007. To 

supply the heat demand of unit turbine must be operated continuously at a partial load with exit 

pressure 18bar. The temperature of steam from turbine exhaust is around 316
o
C, so most of 

superheat being removed by water injection. Fig. 2 represents a simple layout for this unit and the 

quantitative details are listed in Table 2 and Table 3. This plant can cover the process heat as well 

as, produce 34.5MW surplus electric powers which can be sold at a profit to the grid. 

iii. Gas turbine based cogeneration plant 

The refinery gas turbine cogeneration plant produces electricity and 21.6 ton/h of steam at 18bar and 

260
o
C from the waste heat recovery boiler. A cogeneration gas-turbine power plant considered in 

this study of a net power output of 20 MW and maximum and minimum pressures of 1200 and 100 

kPa in the system, respectively. The fuel is natural gas, the turbine inlet temperature is 700
o
C and 

the isentropic efficiencies of both the turbine and compressor are 85%. Under these operating 

conditions, exhaust gases leave the turbine at 303
o
C. All steam and the required electrical energy are 

used in the refinery, while the surplus electric power can be sold at a profit to the grid. The gas 

turbine is operated continuously at full or part load by natural gas with lower heating value of 50050 

kJ/kg. The general plant flow diagram is shown in Fig. 3, Hameed, 1990 and Hassan, 1988. 

 

iv. Diesel-engine based cogeneration plant 

A diesel-engine powered cogeneration plant is considered where the outputs are electrical power and 

heat, which is transferred from the hot exhaust gases to water in an unfired waste heat recovery 

boiler, The general plant flow diagram is shown in Fig. 4. Some of the values to be used in this grid 

are from an actual diesel-engine power plant Kanoglu, 2005. The same rate of heat transfer as in the 
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steam and gas-turbine cogeneration is assumed. The net power output from the plant is 20 MW 

when the rate of fuel consumption is 1.25 kg/s and the air–fuel ratio is 40.4. This corresponds to an 

exhaust flow rate of 51.75 kg/s. The exhaust gases enter the waste heat recovery boiler at 400
o
C, 

extra fuel needed to produce the required steam with 85% assumed boiler efficiency and flue gas 

inlet temperature of 150
o
C. The plant uses heavy diesel fuel with a lower heating value of 39300 

kJ/kg. Note that the exergy of heavy diesel fuel with an unknown composition is taken as 1.065 

times the lower heating value of the fuel following the approach by Brzustowski and Brena, 1986.  

 

4. RESULTS AND DISCUSSION 

The aim of the present study includes a brief description of the present Dura refinery plant and the 

suggested alternative cogeneration plants in which back-pressure non-condensing turbine, gas 

turbine and diesel engine are examined, the analysis in this work gives a good agreement for 

currently Dura refinery plant and back pressure turbine plant alternative with, Kathem, 2007. In 

order to describe the performance of a cogeneration plants various thermodynamic parameters were 

determined, a summary of results are given in Table 5 ,to facilitate comparisons of the plants the 

same heat requirement for the refinery is considered (145 MW) with different electric power output 

and depending on Table 4  which help to estimate the rate of fuel consumed. The results show that 

the presently plant have the smallest efficiency compared with other alternative plants this because 

of its dependence on the bottoming cycle which leads to waste energy without power producing. 

The present plant consumes 6.1 kg/s of fuel Hameed, 1990. for both electric power and refinery 

heat requirement the fuel consumed rate and net heat rate decreased in all alternatives so there are a 

saving in the fuel consumed rate about 28.59%  for back pressure turbine, 20.787% for gas turbine 

cogeneration plant and 12.787% for diesel engine cogeneration plant. This advantage is due to the 

thermal recovery from the flue gas by the heat recovery steam boiler and because of increase plant 

heat rate .This means new advantage that the alternatives can produced surplus electric power which 

can supports and solve the present crisis national electric power generation i.e. back pressure turbine 

plant can added 34.5MW to the national electric network.  The back pressure turbine cogeneration 

plant is the best alternatives (high efficiency, low NHR, high fuel saving and surplus power 

produced). The payback period given in Table 6 indicate that the gas turbine unit payback period is 

shorter than other alternatives this due to the price of natural gas is cheaper than gas oil fuel used in 

both back pressure turbine cogeneration plant and diesel engine plant.  

 

5. CONCLUSIONS 

1- According to 1
st
 and 2

nd
 thermodynamics law, the proposed plants can improve thermal 

efficiency. 

2- The back pressure turbine cogeneration plant is the most suitable for cogeneration. Although the 

application this type leads to increase initial cost, but at the same time leads to increase PHR by 

222% and FSR by 28.6%.  

 3- The price of electric and heat power from cogeneration plants is depending on the method of 

estimation specific fuel consumption. Therefore this estimation method should be chosen so that it 

can be promote to build new cogeneration plants in Iraq. 

4- The payback period of gas turbine unit is shorter than other alternatives.      

5- Due to its high efficiency, the cogeneration plants are recommended in Iraq, especially in 

petroleum industry sectors, in order to contribute with ministry of electricity to solve the present 

crisis of electric power generation.    
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Table 1. Specifications data of steam circuit for Dura's refinery , Kathem, 2007. 

 m (kg/s) T 

  (
o
C) 

P 

(bar) 

Pt.  m (kg/s) t 

(
o
C) 

P 

(bar) 

State 

3.466 4.8.4 4.63 41 6..3 03. 48.16 . 

1.361 0.1.3 48.61 0. 6.446 03. 48.04 4 

6.613 4.8.4 4.63 04 4.486 03. 48.04 0 

4.846 4.8.4 4.63 00 .6.480 03. 48.04 6 

8..061 83.6 00.66 06 44..88 03. 48.04 4 

...46 048.1 48.04 04 44..88 4..8 ..4 . 

...40 44..0 4.6 0. 44..88 43.4 ..4 3 

33.40. 64 6..4 03 4.430 048.1 46... 6 

33.40. 66.1 4..4 06 4.430 13.. 46.48 8 

    0.60. 03. 48.04 1 

    0.60. 44..0 4.6 4. 

    44..88 43.4 ..4 44 

    44.414 64.4 4..4 40 

    .4.364 03.4 4..4 46 

    63.306 16.6 4..4 44 

    68.36. 61.1 0..4 4. 

    ..886 03. 48.04 43 

    ..6.3 4.8.4 4.63 46 

    8..061 83 4.8 48 
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Table 2. Specifications data of steam circuit for Dura's refinery with 

the turbine type R 50-127-13, Kathem, 2007. 

 m 

(kg/s) 

t 

(
o
C) 

P 

(bar) 

Pt.  m 

(kg/s) 

t 

(
o
C) 

P 

(bar) 

State 

.4.44. 16 4..4 46 86.666 .3. 46. . 

48.060 06 4..4 48 6..64 681.6 64 4 

.8.31. 68.14 4..4 41 0.060 646.6 06.34 0 

.8.31. 68.13 3 0. 66..64 643.48 48.04 6 

4.043 03. 48.04 04 6.060 643.48 48.04 4 

86.666 4.8.8 3 00 6..6.0 643.48 48.04 . 

86.666 43..6 46. 06 44.3.6 643.48 48.04 3 

86.666 0.4.. 46. 04 .8.31. 643.48 48.04 6 

86.666 048.0 46. 0. 0.864 06 4..4 8 

86.666 068.4 46. 03 34..33 03. 48.04 1 

6..64 04..1 64 06 4.043 0.8.1 46... 4. 

6..64 004 06.34 08 3..6. 03. 48.04 44 

..8.6 004 06.34 01 ...40 06 4..4 40 

..8.6 0.6.8 48.04 6. 4.008 048 46... 46 

46..6. 0.6.8 48.04 64 3..6. 16 4..4 44 

46..6. 4.8.1 3 60 1.06. 16 4..4 4. 

    4.008 13 46.48 43 

 

 

 

   Table 3. Operation design conditions for turbine type R50-127-13 , Kathem, 2007. 

P 

MW 
inp  

(bar) 

int  

(
o
C) 

.maxm  

(kg/s) 
om  

(kg/s) 
bstm

.1  

(kg/s) 

bndm .2  

(kg/s) 

brdm .3  

(kg/s) 

..scp  

(bar) 
bstp .1  

(bar) 

bndp .2  

(bar) 

4.sp  

(bar) 

exitp  

(bar) 

50 127 565 136 102 5.5 6 9.58 95 37 22 65 13 
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Table 4.   Consumed fuel rate (kg/s)/MWp for different efficiency and different fuel low heating 

value.  
       Heating  value 

 

 
Overall efficiency 

 

30 

 

 

32 

 

34 

 

36 

 

38 

 

40 

 

42 

 

44 

 

46 

 

48 

 

50 

 

52 

0.14 0.238 0.223 0.210 0.198 0.188 0.179 0.170 0.162 0.155 0.149 0.143 0.137 

0.16 0.208 0.195 0.184 0.174 0.164 0.156 0.149 0.142 0.136 0.130 0.125 0.120 

0.18 0.185 0.174 0.163 0.154 0.146 0.139 0.132 0.126 0.121 0.116 0.111 0.107 

0.2 0.167 0.156 0.147 0.139 0.132 0.125 0.119 0.114 0.109 0.104 0.100 0.096 

0.22 0.152 0.142 0.134 0.126 0.120 0.114 0.108 0.103 0.099 0.095 0.091 0.087 

0.24 0.139 0.130 0.123 0.116 0.110 0.104 0.099 0.095 0.091 0.087 0.083 0.080 

0.26 0.128 0.244 0.113 0.107 0.101 0.096 0.092 0.087 0.084 0.080 0.077 0.074 

0.28 0.119 0.112 0.105 0.099 0.094 0.089 0.085 0.081 0.078 0.074 0.071 0.069 

0.3 0.111 0.104 0.098 0.093 0.088 0.083 0.079 0.076 0.072 0.069 0.067 0.064 

0.32 0.104 0.098 0.092 0.087 0.082 0.078 0.074 0.071 0.068 0.065 0.063 0.060 

0.34 0.098 0.092 0.087 0.082 0.077 0.074 0.070 0.067 0.064 0.061 0.059 0.057 

0.36 0.093 0.087 0.082 0.077 0.073 0.069 0.066 0.063 0.060 0.058 0.056 0.053 

0.38 0.088 0.082 0.077 0.073 0.069 0.066 0.063 0.060 0.057 0.055 0.053 0.051 

0.4 0.083 0.078 0.074 0.069 0.066 0.063 0.060 0.057 0.054 0.052 0.050 0.048 

 
Table 5. Energy and exergy analysis results for different cogeneration systems. 

Parameter 
Present 

plant 

Back pressure 

turbine 

cogeneration 

Gas-turbine 

cogeneration 

Diesel engine 

cogeneration 

Energy eff. % 58.3 76.89 68.22 70.3 

Exergy eff. % 21.8 31.67 32.52 43.7 

Ele. Power (E)(MW) 4.5 50 20 20 

Surplus power(MW) -11 +34.5 +4.5 +4.5 

Heat requirement(H)(MW) 145 145 145 145 

PHR 0.107 0.345 0.138 0.138 

NHR 22.7 2.32 9.43 11.3 

FSR % - 28.59 20.787 12.787 
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Table 6. The economic analysis summary. 

Item 
Back pressure 

turbine cogeneration 

Gas-turbine 

cogeneration 

Diesel engine 

cogeneration 

Investment (million $)  50 25 22 

Interested (i) 15 15 15 

Operation period (years) 25 20 15 

Capital  recovery factor (CR) 0.155 0.16 0.171 

Annual payment(million $) 7.75 4 3.762 

Operation & maintenance 

cost($/MWh) 

0.6 0.4 0.6 

Annual fixed cost(million $) 8.77 4.58 4.5 

Annual variable cost(million $)  49.45 20.4 60.4 

Total annual  cost (Ct) (million $) 58.22 24.98 64.9 

Annual income from electricity 

(million $) 

10.512 4.205 4.205 

Annual income from heat energy 

(million $) 

2.27 2.27 2.27 

Total incomes (Ref) (million $) 12.782 6.475 6.475 

The payback period(years) 4.55 3.858 10.02 
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Figure 1. Present Dura refinery plant and T-S diagram. 
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Figure 4. The gas turbine cogeneration power plant.  

 

Figure 3. A cogeneration diesel engine plant plant.  
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Nomenclature 

Latin 

Ct  =     total annual cost ($) 

CR =    investment recovery factor 

H.V =  fuel heating value   (kJ/kg) 

E =       electric energy produced (MW) 

H =       heat requirement (MW) 

m =       mass flow rate   (kg/s) 

N =       payback period (year) 

Q =      total heat   (kJ) 

Ref  =     total annual income ($) 

 

Greek letters 

 η : Efficiency 

Subscript 

add :   added 

b :     boiler 

ele.:  electric 

f  :  fuel 

g :  generated 

h :  heat  

i :  interest 

in : inlet 

n : number of years 

 

Abbreviations 

FSR: Fuel Saving Rate  
HRSB: Heat Recovery Steam Boiler 

NHR:   Net Heat Rate   

PHR: Power to Heat Ratio  
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ABSTRACT 

The long-term monitoring of land movements represents the most successful application of the 

Global Navigation Satellite System (GNSS), particularly the Global Positioning System. 

However, the application of long term monitoring of land movements depends on the availability 

of homogenous and consistent daily position time series of stations over a period of time. Such 

time series can be produced very efficiently by using Precise Point Positioning and Double 

Difference techniques based on particular sophisticated GNSS processing softwares. 

Nonetheless, these rely on the availability of GNSS products which are precise satellite orbit and 

clock, and Earth orientation parameters. Unfortunately, several changes and modifications have 

been made periodically on the policy of producing these products which led to degradation in the 

consistency of these products over time. For the long term monitoring of land movements, it is 

essential that any such developments and changes can also be used to produce improved 

products that go back in time, to enable the homogeneous reprocessing of archived observation 

data. This paper deals with two main themes. Firstly, it demonstrates the significant and 

imperative role of the GNSS in geological applications by addressing major global and regional 

studies of the Earth’s deformation which represent one of the main and essential applications in 

satellite geodesy. The role of the continues GPS measurements in this application is highlighted 

and discussed for modeling global and regional plate motions and modeling Glacial Isostatic 

Adjustment. Secondly, this paper locates the most important obstacles which stand behind the 

inability to use the GNSS in applications of long-term monitoring of land movements. 

 

Key words: land movements, GNSS, deformation, glacial isostatic adjustment 

 اسهامات الانظمه الملاحيه العالميه لمراقبة حركة الصفائح التكتىنيه: الحاله والمنظىرات

 ياسين محمذ زكيعذي د.م  

 قغى ُْذعة انًغاحّ

 ايؼة تغذادج/كهٛة انُٓذعة

 

 ةالخلاص

( ٔخصٕصاً GNSSالايذ نحشكة انقششِ الاسضّٛ تًخم يٍ اْى ٔاتشص تطثٛقات الاَظًّ انًلاحّٛ انؼانًّٛ ) انًشاقثّ طٕٚهة

(. حٛج شٓذَا يؤخشا انؼذٚذ يٍ انثحٕث ٔانذساعات فٙ ْزا انًجال. تٛذ اٌ ػًهٛة يشاقثة GPSَظاو تؼٍٛ انًٕاقغ انؼانًّٛ )

انًّٛ تؼتًذ تكم اعاعٙ ػهٗ تٕفشّ عهغهّ صيُّٛ نًٕاقغ اسضّٛ دقٛقّ حشكة انقششِ الاسضّٛ تأعتخذاو الاَظًّ انًلاحّٛ انؼ

ٔيتجاَغّ ٔيغتقشِ نفتشات طٕٚهّ الايذ نًحطات اسضّٛ يُتششِ حٕل انؼانى. انغهغهّ انضيُّٛ نهًٕاقغ الاسضّٛ ًٚكٍ اٌ تُُتج 

ج انًؼانجّ انذقٛقّ لاسصادات انتٕاتغ تشكم فؼال ػٍ طشٚق تقُٛات تؼٍٛٛ انًٕاقغ انذقٛقّ ٔانًٕاقغ انتفاضهّٛ تاعتخذاو تشاي

انًلاحّٛ. تٛذ اٌ ْزِ انؼًهّٛ تؼتًذ كهٛاً ػهٗ تٕفشّ يؼهٕيات دقٛقّ نًٕاقغ الاقًاس انصُاػّٛ ٔ تصحٛح عاػات انقٛاط ٔيؼايلات 

هٕيات ًَزجة حشكة يحٕس دٔساٌ الاسض. ٔنكٍ تغثة انتغٛشات ٔانتحذٚخات انؼذٚذِ ٔانًغتًشِ ػهٗ اعانٛة حغاب ْزِ انًؼ
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أدٖ رنك انٗ اَحطاط كثٛش ٔيهحٕظ فٙ يغتٕٖ انتجاَظ ٔالاعتقشاسّٚ فٙ دقة ْزِ انًؼهٕيات ٔانز٘ احش تشكم عهثٙ ػهٗ 

 اػتًاد ْزِ انًؼهٕيات فٙ حغاب انًٕاقغ انذقٛقّ نهًحطات الاسضّٛ ٔاعتخذايٓا فٙ سصذ حشكة انقششِ الاسضّٛ.

انًشاقثّ طٕٚهة الايذ نحشكة انقششِ الاسضّٛ تاعتخذاو ال يٕضٕع ْزا انثحج ٚغهظ انضٕء ػهٗ يٕضٕػٍٛ سئٛغٍٛٛ فٙ 

GNSS انًٕضٕع الأل ٚؼشض انذٔس انكثٛش ٔانفؼال نم .GNSS  فٙ انتطثٛقات انجٕٛنٕجّٛ ػٍ طشٚق الاشاسِ انٗ اْى

ّٛ فٙ ػهى انذساعات انًُجضِ )تًقٛاط ػانًٙ ٔيحهٙ( فٙ يٕضٕع انتشْٕات الاسضّٛ ٔانتٙ تؼتثش يٍ انًٕاضٛغ الاعاع

جٕٛدٚغٛا انتٕاتغ انًلاحّٛ. ْٔزا انًٕضٕع ٚشًم ػشض ٔيُاقشة اْى انذساعات ٔانثحٕث انًُشٕسِ فٙ اعتخذايات اسصادات 

. ايا انًٕضٕع انخاَٙ فاَّ ٚثحج   Glacial Isostatic Adjustmentانًغتًشِ نًُزجة حشكة انصفائح انتكتَّٕٛ ٔ  GPSال 

تشكم دقٛق فٙ يشاقثة حشكة انقششِ   GNSSتقف ٔساء ػذو ايكاَّٛ اعتخذاو قٛاعات ال  فٙ اْى انًؼٕقات الاعاعّٛ انتٙ

 الاسضّٛ.

 .انقششِ الاسضٛة, انتشِٕ الاسضٙ, انُظاو انًلاحٙ انؼانًٙالكلمات الرئيسية: 

1. INTRODUCTION 

The expression “long-term monitoring of land movements” covers an extensive range of 

geophysical phenomena studies using GNSS. In general, this is based on the interpretation of 

time series of the changes in continuous high precision horizontal and vertical positions over a 

period of time. Because the long-term monitoring of land movements based on GPS data is one 

of the main objectives of this paper, a considerable amount of literature that has been published 

on this subject is presented and highlighted in this study. 

Owing to the fact that the Earth’s deformation leads to continuous changes in the geometric 

configuration of geodetic networks, the determination of the Earth’s deformation parameters has 

become one of the main and essential applications in geodesy. In the past, classical geodetic 

surveys were used to establish horizontal and vertical positions. Many drawbacks are associated 

with these techniques, e.g. their high-cost and time-consuming nature due to the effort required. 

In addition, the monitoring of the Earth’s deformation over vast areas requires precise and 

simultaneous measurements over long baselines, and classical geodesy does not provide this 

capability. Furthermore, because the horizontal and vertical positions are calculated from 

different types of measurements, which are collected at different times and places, this adds a 

complexity in the analysis of these time series. Consequently, research on the Earth’s 

deformation, since three decades ago, have tended towards using space geodetic techniques to 

estimate velocities over certain observation periods, based on: (1) Satellite Laser Ranging (SLR) 

Smith et al., 1990, and Sengoku, 1998; (2) Very Long Baseline Interferometry (VLBI) 

Robaudo and Harrison, 1993, and Sato, 1993; (3) GPS Dixon et al., 1991, Dixon, 1993, Argus 

and Heflin, 1995, Larson et al., 1997, Segall and Davis, 1997, Prawirodirdjo and Bock, 2004, 

Mazzotti et al., 2007, Bouin and Wöppelmann, 2010, and Hammond et al., 2011; (4) Doppler 

Orbitography and Radiopostioning Integrated by Satellite (DORIS) Cazenave et al., 1992, 

Soudarin and Cazenave, 1993, and  Soudarin and Cazenave, 1995. 

Recently, the use of continuous GPS (CGPS) data has received considerable interest as the 

essential means of geodetic investigation in comparison with the other space geodetic techniques 

for many reasons: first of all, GPS hardware and software are readily available and relatively 

inexpensive in comparison with the other techniques, which necessitate higher budgets; 

secondly, because some geodetic monitoring work, like earthquakes and volcanoes, require 

continuous, sub daily, and instantaneous observations, the GPS technique provides this 

capability due to continuous satellite coverage Elósegui et al., 1995; finally, the mobility of field 

GPS equipment which only requires small surveying teams Segall and Davis, 1997. In summary, 

studies of the Earth’s deformation have been widely carried out based on GPS data, especially 
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after the dramatic increase in the number of CGPS instruments installed regionally and globally 

around the world. 

In 1993, CGPS data was firstly used by Bock et al., 1993 and Blewitt et al., 1993 for the 

Southern California Permanent GPS Geodetic Array (PGGA) to estimate the co-seismic 

displacements resulting from the Ms 7.5 Landers, California earthquake on 28th June 1992. 

Bock et al., 1993 used ten weeks of PGGA data to demonstrate the possibility of using GPS data 

to detect the seismic deformation before, during and after the earthquake. They showed that there 

was no pre-seismic displacement, remarkably consistent co-seismic displacements at all PGGA 

stations, and post-seismic displacement at one PGGA station. Blewitt et al., 1993, then 

confirmed the results of Bock et al., 1993, through the detection of pre-seismic, co-seismic, and 

post-seismic displacements with millimeter precision by analyzing IGS data over three months. 

Consequently, many individuals, institutions, and geodetic agencies have established CGPS 

stations around the world which are coordinated by the International GNSS service (IGS). The 

IGS network is being used to routinely monitor the Earth's deformation and many significant 

achievements have increased the growth in the research into long-term monitoring of land 

movements with GPS. Since then, with the advent of the production of GPS satellite and receiver 

clock products as individual products, the methodology of Precise Point Positioning (PPP) has 

also been enabled in many software packages to provide three-dimensional absolute positions 

with a high-level of accuracy based on the introduced satellite orbit and clock, and the Earth 

Rotation Parameters (EOP) products.  

In general, both of the methodologies of double-difference relative positioning and PPP can be 

employed for the long-term monitoring of land movements, but they depend entirely on the 

availability of consistent and homogeneous precise satellite orbit and clock, and EOP products 

over certain periods of time. In addition to the space geodetic techniques of SLR, VLBI, GPS, 

and DORIS, remote sensing technologies like Interferometric Synthetic Aperture Radar (InSAR) 

and  Light Detection and Ranging (LiDAR) techniques (terrestrial, airborne, and satellite)  have 

also taken on a significant role that cannot be ignored in the investigations of Earth’s 

deformations . See Chang et al., 2007, Sousa et al., 2010, and Wei et al., 2010  for InSAR   

technique, and Kayen at al., 2006, Muller and Harding, 2007, and Jian-Qing and Ting-Chen, 

2010, for LiDAR technique. 

This study addresses major global and regional studies of the earth’s deformation which 

represent one of the main and essential applications in geodesy. The role of the CGPS 

measurements in this application will be highlighted and discussed for modeling global and 

regional plate motions; and modeling Glacial Isostatic Adjustment. 

 

2. DEFORMATION of the EARTH: A BRIEF INTRODUCTION 

The plate tectonic theory divides the Earth's lithosphere into a number of rigid plates (eight 

major and many minor plates) based on data from paleomagnetics, which is the study of the 

observations of the Earth’s magnetic field, and seismological studies DeMets et al., 2010. 

Furthermore, both the continental drift and sea-floor spreading hypotheses contributed to the 

development of the theory of plate tectonic. These tectonic plates continually move relative to 

one another at one of three kinds of plate boundaries: convergent; collisional; or transform. 

In general, geologists and geodesists classify the Earth’s crustal deformations under two terms, 

global and regional deformations. The global deformations stand for all of the kinds of 

deformations that occur on very large areas like tectonic motions, whereas, the regional 

deformations involve smaller areas like plate boundaries. Under this concept, both the 

http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Lithosphere
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deformations of continents and sea-floor movement, which correspondingly result from the 

continental drift and sea-floor spreading hypotheses, can be presented as global deformations. In 

general, the tectonic motions which cause global deformations lead to regional deformations 

which occur along plate boundaries, such as: earthquakes; faults; volcanoes; and oceanic trench 

formation Prawirodirdjo and Bock, 2004. 

In the past, many global plate models were developed to describe plate motions, see Larson et 

al., 1997. In general, these models were based on data of spreading rates, transform fault 

azimuths, and earthquake slip vectors, which represent an average over a long-period of time 

DeMets et al., 1990.  For more than two decades, many global plate motion models have then 

been developed to describe the current plate motions (see the UNAVCO website 

(http://www.unavco.org/unavco.html) which provides the latest models with their associated 

reference frames).  

 

3. GLOBAL PLATE MOTION MODELS 

Global plate motion models have shown great success in the interpretation of large scale plate 

motions. The global plate motion models are classified into two types, absolute plate motion 

models and relative plate motion models. These global plate motion models, in general, are 

realized using different methods, such as No-Net-Rotation (NNR) frame, hotspot data, and space 

geodetic measurements like VLBI, SLR, DORIS and GPS. However, such space geodetic 

techniques have also been used in the recent decade to observe the velocities of globally 

distributed CGPS stations for the estimation of the rotation vectors of rigid plates. The 

combination between the global plate motion model and any of these methods leads to a 

geophysical kinematic model that can describe the rigid plates’ motion over a period of time 

(based on the used method) Larson et al., 1997.  

Absolute plate motion models define the plate motions with respect to the Earth’s deep interior 

(mesosphere). In contrast, relative plate motion models describe the plate motions with respect to 

an arbitrary fixed tectonic plate. Generally, these models can be formed based on various kinds 

of data, for instance, geological seismic data and conventional or space geodetic measurements; 

where space geodetic measurements can be effectively employed to obtain relative velocity 

estimates to sufficiently high precision over long-base lines.         

One of the main initial global plate motion models that represented the basis for developing more 

recent models was NUVEL-1. This model, which has been widely used, was developed by 

DeMets et al., 1990. It depends on earthquake slip vectors and the average transform fault 

azimuths and spreading rates for the last 3Myr to predict tectonic plate velocities and provide the 

absolute angular velocity vectors for thirteen tectonic plates. DeMets et al., 1994 recalibrated the 

NUVEL-1 model based on the latest amendments to the geomagnetic reversal time scale at that 

time. They found that by multiplying the NUVEL-1 angular velocities by a calibration factor 

(0.9562), results comparable with other rates of motion, especially those estimated based on the 

space geodetic measurements, were obtained. They pointed out that the motion rates for 

NUVEL-1A are faster on average by only 2% when compared to space geodetic measurements, 

whereas they were faster by about 6% with NUVEL-1 model.  

The models NUVEL-1 and NUVEL-1A reference the plate motion to a No-Net-Rotation (NNR) 

frame to create a geophysical kinematic model (NNR NUVEL-1 and NNR NUVEL-1A) that can 

be used to describe the plate motions at any epoch over millions of years. In the NNR frame, the 

angular velocities for each plate are calculated with respect to the average of angular velocities 

for all plates. NNR NUVEL-1A model was widely used in the 1990s, but it has some 
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weaknesses.  Drewes and Angermann , 2001 stated that the NNR NUVEL-1A model does not 

meet the condition of NNR for two reasons. Firstly, it can be used effectively to describe the 

plate motions over the last 3 Myr but is not valid for the present time, which can yield biased 

velocity estimates for some plate pairs due to the continuous change in their speed and direction, 

for example the Nazca-South America plates Angermann et al., 1999. Secondly, the NNR 

NUVEL-1A model cannot be considered as a full global model due to lack of coverage for some 

zones, like the Mediterranean, the Pacific belt, and Japan. For these two reasons, Drewes and 

Angermann, 2001 computed two different kinematic models based on space geodetic 

observations to estimate the angular velocities for globally distributed stations. The first model, 

was called the ITRF2000 kinematic model, and was based on using 405 ITRF2000 station 

velocities to estimate the motion of eleven major plates. While for the second kinematic model, 

which was called Actual Plate Kinematic Model (APKIM), they combined the space geodetic 

observations from SLR, VLBI, and GPS to compute 279 station velocities and estimate the 

velocity vectors (Euler vectors) for twelve tectonic plates. Both of these models were constrained 

to no-net-rotation.  

In addition to the NNR NUVEL-1A deficiencies referred to by Drewes and Angermann,  2001, 

Sella et al., 2002 mentioned that the NNR NUVEL-1A may also be biased due to insufficient 

kinematic data, for example the relative motion of America with respect to the Pacific plate, 

DeMets and Dixon, 1999 and the relative motion of the Caribbean plate with respect to the 

North and South American plates Pérez et al., 2001. Furthermore, Sella et al., 2002 pointed to 

the existence of systematic errors in the NNR NUVEL-1A model as a result of depending on 

sea-floor spreading rates which are calculated from sea-floor magnetic data that do not reflect the 

full plate rate as a result of tectonic complexities. They developed a new global plate motion 

model for REcent plate VELocities (REVEL) based on CGPS data over the period January 1993 

to December 2000 to estimate the relative velocities for 19 plates and continental blocks with 

respect to ITRF97 Sella et al. , 2002. For this effort, GIPSY OASIS II V.5.0 was used for PPP 

with non fiducial GPS satellite orbit and clock products from JPL Zumberge et al., 1997. 

Moreover, they assessed the plate rigidity though the use of strict and autonomous estimates for 

CGPS velocity errors which are propagated to the relative angular velocity estimates. 

Prawirodirdjo and Bock used a methodology similar to Sella et al., 2002 to develop a global 

plate motion model. They analyzed CGPS observations from 106 globally distributed stations 

over the period from January 1991 to July 2003 to estimate velocities for seventeen major and 

minor plates. They aligned their solution with IGS00, the IGS realization of ITRF2000 

Altamimi et al., 2002. Based on a seven-parameter similarity transformation and they applied a 

no-net-rotation condition. This is due to the fact that the latter (ITRF2000) maintained a no-net-

rotation condition through aligning its orientation time estimates to NNR NUVEL-1A Altamimi 

et al., 2003. In addition, the semi-annual and annual effects, as referred to by Nikolaidis, 2002 

which were not considered by Sella et al., 2002 modeled to improve the precision of the CGPS 

velocity estimates. 

Most recently, DeMets et al., 2010 presented a new global geological model, called MORVEL, 

to describe the angular velocities for twenty five tectonic plates. The MORVEL model combines 

two kinds of data: it depends on sea-floor spreading rates and fault azimuths data to provide the 

angular velocity estimates for 19 plates surrounded by mid-ocean ridges, including all major 

plates; and CGPS station velocities and azimuthal data for six smaller plates. In general, the 

MORVEL model is more useful than NUVEL-1A as it includes many small plates which are not 

included in NUVEL-1A, especially in Asia and the western Pacific. Thus, the MORVEL model 

is recommended to be used for studying the Earth’s crustal deformation in these areas. 

Furthermore, DeMets et al., 2010 stated that significant differences can be observed between 



Journal of Engineering Volume    20    December -    2014 Number  12 
 

 

248 

 

NUVEL-1A angular velocities and MORVEL angular velocities. Generally, they pointed that the 

historical description of the current plate motion that can be estimated by the MORVEL model is 

more accurate than when using the NUVEL-1 and NUVEL-1A models. This conclusion was 

realised based on carrying out least-squares differences between angular velocities estimated 

from GPS observations and those for the MORVEL, NUVEL-1, and NUVEL-1A models, with 

the MORVEL angular velocities being nearer to those estimated from CGPS.      

Another recent model is GEODVEL 2010 which has been released by Argus et al., 2010. This 

model was determined based on space geodetic observations from SLR, VLBI, GPS, and DORIS 

data. The relative angular velocities of eleven major tectonic plates were estimated 

simultaneously assuming that the earth’s center is fixed in ITRF. 

4. PLATE MOTION STUDIES BASED on GPS DATA 

Time series of regionally or globally distributed geodetic network based on observations 

obtained with GPS have been employed for investigating different-scales of geophysical 

phenomena. For example, Dixon et al. 1991 estimated the Pacific-North American plates 

relative motions based on GPS observations from campaigns carried out in 1985 and 1989 in the 

Gulf of California. In addition, this relative motion was estimated based on VLBI by Argus and 

Gordon 1991a. and in the global plate motion models NUVEL-1 and NUVEL-1A DeMets et 

al., 1990, DeMets et al., 1994. Argus and Gordon 1991b showed that the Pacific-North 

American relative plate motion based on VLBI is faster than the relative motion predicted by 

NUVEL-1. Afterward, Dixon, 1993 estimated the Cocos-Caribbean plates relative motion using 

GIPSY software based on the GPS observations from central and south America campaigns 

carried out in 1988 and 1991 for the Cocos-San Andres baseline and Cocos-Liberia baseline 

(Cocos Island on the Cocos plate and San Andres Island and Liberia on the Caribbean plate).  

Since July 1992, when the nominal 24-GPS satellite constellation was completely realised, many 

geodynamics investigations have been carried out based on GPS observations. Some of the 

applications of such data were demonstrated initially by Blewitt, 1993 who studied the 

development stages of the GPS user hardware from  the early 1970s to the early 1990s. 

Furthermore, Blewitt 1993 highlighted methods of assessment of GPS precision and accuracy 

which focused on repeatability of the coordinate estimates, comparison with other coordinate 

estimates from different space geodetic techniques, like VLBI and SLR, and the use of statistical 

analysis. Additionally, Blewitt, 1993 detailed the precision, technique and network scale and 

density required for each geophysical application, (see Table 1) Blewitt, 1993. 

Argus and Heflin 1995 used the CGPS data for 43 globally distributed stations  over four years 

to estimate fifteen relative angular velocities between six major plates, and the relative motion 

between the plate boundaries at ten sites in plate boundary zones. They showed that the relative 

angular velocities between six major plates based on GPS data differ slightly from the 

corresponding relative angular velocities predicted from NUVEL-1A, which is based on average 

plate motion over the last 3 Myr. Furthermore, they concluded that the Pacific-Eurasian and 

Pacific-North American relative motions are faster than the corresponding relative motions 

predicted by NUVEL-1A. Thus, they supported the Argus and Gordon, 1991b inference that 

based on VLBI that the Pacific-North American relative motion has sped up over the past 3Myr.  

The first effort to estimate the Antarctica plate motion based on space geodetic data was carried 

out by Larson and Freymueller, 1995. Three years of CGPS observations were used in this 

effort to estimate the angular velocities for seven IGS sites on the Australian, Pacific and 

Antarctica plates. They showed an agreement between their solution and the angular velocity 

predicted from the NNR NUVEL-1A kinematic model. Larson et al., 1997 carried out a similar 
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effort to that of Argus and Heflin, 1995 but with more sites, more tectonic plates, and a longer 

time series. They estimated velocities for 38 globally distributed sites, based on analyzing one 

day per week of the CGPS observations collected over the period of time, from January 1991 to 

March 1996. They used the estimated station velocities to compute eight absolute angular 

velocities for eight tectonic plates and twenty eight relative angular velocities, and found an 

agreement within 95% confidence between the absolute angular velocities based on GPS with 

those predicted from NNR NUVEL-1A, except for the Pacific plate. In addition, an agreement 

was found between the relative angular velocity based on GPS for each plate pair with the 

corresponding one predicted from NUVEL-1A, except for some of those associated with the 

Pacific plate. To prevent aliasing systematic errors in the estimated station velocities which 

increases the complexity of the tectonic interpretations, Larson et al., 1997 emphasized the 

necessity of analysing time series which are built on consistent, homogenous and precise data 

over the entire period of time. Consequently, they used the same models and strategies for this 

effort, see table 2, Larson et al., 1997.  

Segall and Davis 1997 surveyed the capability of employing the GPS technique for geophysical 

investigations to observe a wide range of different geophysical phenomena e.g. seismology, 

hydrology, volcanology, tectonic plate motion and Earth’s crustal deformation at plate 

boundaries, and deformation related to Glacial Isostatic Adjustment (GIA), Earth rotation, and 

Earth mass distribution. 

Regarding the combination between GPS and other geodetic techniques, in the early 1990s, the 

geophysical applications of radar interferometry gained massive attention. Massonnet and Feigl, 

1998 reviewed the geophysical applications that were published before 1998 and stated that the 

majority of the publications dealt with the geophysical monitoring of natural risks caused by 

earthquake, volcanoes, and glaciers. In addition, they presented some case studies of monitoring 

natural risk and environmental alterations related to landslides, subsidence, and agriculture 

In recent years, space geodetic techniques have been employed in conjunction with the 

Interferometric Synthetic Aperture Radar (InSAR) technique (terrestrial, airborne, and satellite 

InSAR), to become a reliable means for monitoring the Earth’s deformations. Airborne and 

satellite InSAR imagery can be used effectively to generate maps of deformation or digital 

elevation models based on two or more SAR images which cover the area of interest. Typically, 

this technique can be used to observe rapid centimetre-level changes in deformation for 

thousands of points in a relatively small area, while the GPS technique gives long-term stability 

and better temporal coverage , Wei et al., 2010. Zerbini et al., 2007 stated that the main point 

from the combination between space geodesy techniques and InSAR technique is to complement 

the weaknesses of each technique through the strengths of the other technique. 

5. GLACIAL ISOSTATIC ADJUSTMENT STUDIES 

Over hundreds of thousands of years, a cycle of alternating glacial and interglacial conditions has 

happened as a result of the Earth’s climate change with a periodicity of the order of 105 years. In 

the duration of a glacial period, the ice sheets grow at higher altitudes, due to low temperatures 

that lead to removal of water from the ocean basins and relative sea-level (RSL) falls. On the 

contrary, during the period of interglacial conditions, several of these ice sheets are melted, 

which leads to a return of water to the ocean basins and additional changes in the RSL because 

of the Earth’s crustal deformation under the load of ice and water and the change in the 

gravitational potential of the Earth–ocean-ice system Lambeck, 2004. This periodic movement 

of water over the Earth’s surface acts like a load upon the Earth’s lithosphere.  Consequently, the 

Earth’s crust is deformed in response to the action of these forces. Earth’s deformations caused 
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by the change in ice-mass loading, are known as Glacial Isotactic Adjustment (GIA) or post-

glacial rebound. GIA is defined, conventionally, as the global response of the solid Earth to the 

ice-mass redistribution that occurred during cycles of glaciation and deglaciation Whitehouse, 

2009. The speed of this response is variable based on the viscosity of the mantle.  

Many geophysical studies have been carried out on GIA to realize how this process can be 

modelled and understand the horizontal and vertical crustal deformations, and the changes in 

sea-level and the volume of the ice sheets, during the last glacial cycle Peltier, 1998. 

Furthermore, GIA involves changes in pole motion and Earth rotation Mitrovica et al., 2001. 

For more than three decades, many studies have been achieved successfully for numerical 

modelling of GIA, especially in North America, Europe, and Australia. 

These numerical models have shown great success in representing GIA, especially after the 

introduction of additional constraints which have been made on GIA models, such as: absolute 

gravity (AG) measurements Larson and van Dam, 2000, and Lambert et al., 2001; geological 

sea-level records Lambeck, 2004; tide gauge records Teferle, 2003; and space geodetic 

measurements Blewitt, 1993. The latter playing a major role in providing a precise description to 

the structural features of the Earth’s interior.  

One of the initial projects established in support of this purpose was the BIFROST project 

(Baseline Inferences for Fenno-Scandinavia Rebound Observations, Sea-level, and Tectonics).  

This project was initiated in 1993 to detect the Earth’s crustal deformations in Fenno-

Scandinavia due to GIA. This project combines networks of CGPS receivers in Sweden and 

Finland. Johansson et al. 2002 compared horizontal and vertical crustal deformations based on 

the BIFROST CGPS results over the period from 1993 to 2000, to predictions calculated from a 

high-resolution Fenno-Scandinavia deglaciation model proposed by Lambeck et al., 1998. They 

obtained an agreement in the order of 1 mm/yr between the maximum observed uplift rate and 

maximum predicted uplift rate, which is approximately 10 mm/yr. 

Since 2002, such accurate GIA models (global and local scales) have become increasingly 

required by the Gravity Recovery and Climate Experiment (GRACE) satellites mission. GRACE 

data have been used to investigate exchange between the ice sheets and ocean basins’ water, but 

this application requires accurate GIA models to detect signals of the horizontal mass 

distribution. Unfortunately, GIA models are uncertain, owing to a lack of sufficient constrains 

for the past glacial changes, and a lack of available measurements of surface velocities in the 

Polar regions. For these reasons, space geodetic measurements can be used to improve 

constraints on global and local GIA models, especially local GIA models which are formed 

based on specific ice distribution and lithosphere depths that can be estimated effectively using 

accurate CGPS measurements. Johansson et al., 2002 pointed to the urgent need for a dense and 

robust CGPS network  for obtaining accurate horizontal and vertical velocity estimates in order 

to observe the Earth’s deformations. 

Some studies have also been carried out on the greenland ice sheet. Wahr et al., 2001, Dietrich 

et al., 2005 and Wahr et al., 2001 studied vertical crustal motion of the Greenland ice sheet, 

using vertical velocities based on CGPS measurements taken at stations Kellyville and Kulusuk. 

For this effort, GIPSY OASIS II V.5.0 was used for PPP Zumberge et al., 1997, with GPS 

satellite orbit and clock products generated by the JPL AC based on analysing more than 40 

globally distributed stations. These studies compared the vertical velocity estimates based on 

CGPS measurements with the corresponding estimates from absolute gravity observations and 

showed that these vertical velocity estimates are associated with the ongoing viscolelastic 

response of the Earth to changes in Greenland’s ice mass. Later, Khan et al., 2008 expanded the 

study carried out by Wahr et al. 2001, by taking account of seven more years of CGPS 

measurements at Kellyville and Kulusuk and including three additional CGPS stations 
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(Qaqortoq, Scoresbysund, Thule). The daily coordinates for these sites were again calculated 

based on GIPSY OASIS II’s PPP strategy Zumberge et al., 1997. They found the vertical 

velocity estimates for  Kellyville and Kulusuk differed from the estimates of Wahr et al., 2001  

and gave the reasons of using a different reference frame realisation and different models. In the 

meantime, Dietrich et al., 2005 studied vertical crustal deformation in the west of Greenland by 

analyzing GPS measurements which were taken over a period from 1995 to 2002 at 10 locally 

distributed GPS stations in the area of interest; BSW5.0 software with double-difference strategy 

was used for this effort. They strongly emphasized the necessity of using consistent and 

homogeneous time series of GPS satellite orbit and EOP products to generate equivalently 

homogeneous station coordinate time series; a homogeneity that can only be reached when 

applying unique standards (models and reference frame) over the whole of the period of interest. 

Consequently, Dietrich et al., 2005 stated that using the IGS products during the period under 

consideration would result in inhomogeneous results due to using different standards, so, they 

used the GPS satellite orbit products and EOPs from a first reprocessing of the global GPS 

network Rothacher et al., 2004.      

In addition, many studies have been carried out to investigate the isostatic rebound to resolve the 

vagueness concerned with Antarctic deglaciation and enhance the uncertainties associated with 

velocity changes and lithosphere thickness. Velicogna and Wahr 2002 showed that when 

adding CGPS measurements, vertical velocity estimates taken near or around the ice 

accumulation centers have noticeable effect on the improvement of the ice mass balance 

estimations and the postglacial rebound generated based on a combination of space-based 

observations of the gravity and altimetric height.             

Raymond et al., 2004 analyzed the CGPS measurements taken over the period between 

November 1996 and January 2001 at two CGPS stations located in the Northern Transantarctic 

Mountains to study the three-dimensional velocity estimates in this area. For this study, they 

used GIPSY OASIS II V.5.0 and the PPP strategy. Zumberge et al., 1997 stated that the uplift 

that they estimated was caused by GIA, and that the uplift estimated based on the CGPS 

measurements differed from predictions based on the global models of late Pleistocene 

deglaciation ICE-3G .Tushingham and Peltier, 1991, ICE-4G ,Peltier, 1994, and Dietrich et 

al., 2004 analysed CGPS measurements from more than 20 stations distributed in Antarctica 

between 1995 and 1998 using BSW4.2 software  to provide a regional densification solution for 

the ITRF2000. As they focused on the deformation of the Antarctic Peninsula, the estimated 

GPS stations velocities showed that the relative motion between the east and west of Antarctic 

does not exceed 2 mm/yr in the horizontal, with maximum uplift rates of about 10 mm/yr in the 

Northern Antarctic Peninsula. They also stated that even if the deformation signals are relatively 

small in the horizontal components, the GPS observations still provide constraints for GIA 

models.  

Ohzono et al., 2006 analyzed CGPS measurements taken from 9 IGS stations distributed around 

Antarctica between 1998 and 2003. They used precise satellite orbit and clock, and EOP 

products provided by JPL to carry out a PPP  processing strategy in GIPSY/OASIS II Zumberge 

et al., 1997. Their PPP horizontal components, which were referred to ITRF2000 and presented 

as coordinate time series, showed that the Antarctic plate motion can be explained as a rigid plate 

motion. While their vertical velocity estimates from most of processed sites appeared to be an 

effect of GIA. Furthermore, they concluded that none of the current GIA models could 

effectively reproduce their results for vertical crustal movement.      

More recently, the level of uncertainty in the surface displacement (3-dimention) for the current 

local GIA models for Greenland and Antarctica ice sheets have been demonstrated by King et 
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al., 2010 who stated that improving GIA modeling necessitates massive effort due to the very 

short time period of the CGPS measurements. 

In summary, with the advent of modern space geodetic techniques (SLR, VLBI, GPS, and 

DORIS), GIA has become observable along with other geodynamic signals which come from the 

changes in the Earth’s global gravity field, variation in the Earth’s rotation rates, and the 

geocentre motion Chao et al., 2000.  

 

6. SUITABILITY OF GNSS FOR MONITORING OF THE EARTH'S DEFORMATION 

One of the most significant current discussions in the crustal deformations studies is the 

application of GNSS to long-term monitoring of land movements. In general, this application is 

based completely on producing daily time series of the changes in positions of stations over a 

period of time. In recent years, the methodologies of double-difference relative (DD) or precise 

point positioning (PPP) have been used to investigate horizontal and vertical land movements at 

the millimeter level, and this has been referred to in the review of literature mentioned in this 

paper. However, these methodologies depend entirely on the availability of satellite orbit and 

clock, and Earth orientation parameter (EOP) products that are precise, homogeneous and 

consistent over such a period of time. Consequently, any lack in the accuracy, homogeneity, and 

consistency of these products will be an obstacle to employ GNSS for monitoring the land 

movements.  

The International GNSS Service (IGS) represents the main source of post-mission, precise 

satellite orbit and clock, and EOP products. Since its beginning in June 1992, the IGS has 

provided high quality observation data and an uninterrupted series of its products as the standard 

for GNSS in support of Earth science research, multidisciplinary applications, and education. 

Table 1 summarizes the GPS satellite products currently available through the IGS 

(http://igscb.jpl.nasa.gov/components/prods.html). 
 

The IGS is continually trying to improve their products and gain a higher-level of accuracy by 

implementation of the latest and most sophisticated approaches for modeling the atmospheric 

delay. For example. in November 2006, significant improvements were made through the 

adoption of absolute antenna phase center models for both satellite and receiver antennas and the 

use of mapping functions based on numerical weather models, such as the Global Mapping 

Function (GMF) for the modeling of tropospheric delay. Furthermore, there have been periodic 

changes of International Terrestrial Reference Frame (ITRF), and the subsequent realization of 

the IGS reference frame. Figure 1 shows the changes in the used reference frame for the 

generation of the IGS final products; on 2nd December 2001 it was changed from IGS97 to 

IGS00, on 11th January 2004 it was changed from IGS00 to IGb00, and finally, on 5th 

November 2006, it was changed from IGb00 to IGS05 Teferle et al., 2007. 

However, such changes in the realization of the ITRF together with the significant enhancement 

of different models and processing strategies considered individually by the IGS Analysis 

Centers (ACs) have contributed to inhomogeneous and inconsistent products over time. 

Nevertheless, such improvements only really benefit short term applications, such as GNSS 

meteorology and future monitoring schemes. Furthermore, the continuous development and 

improvement of the processing software employed by the IGS ACs and the changes in the 

realization of the reference frame have also played a significant role in the refinement and 

improvement of IGS products.  Moreover, due to the growing quantity and quality of GNSS 

observations and the improvement in the processing strategies which have been witnessed during 

http://igscb.jpl.nasa.gov/components/prods.html
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the last decade, further effects had to be considered which were unthought-of in the past. 

Accordingly, several studies have pointed out that the accuracy of coordinate estimates can be 

adversely affected due to the insufficient modeling of the tropospheric delay, not taking into 

account higher-order ionosphere corrections, and applying different loading processes for both 

the GNSS product generation and coordinate estimation.  

As a consequence, the IGS products are constantly evolving over time. For long-term 

monitoring, the ideal would be for such developments to be used to produce improved products 

not only for the future but that go back in time. This then enables the re-analysis of older 

observation data that has been continuously recorded and archived to obtain improved estimates 

of, for example, land movements. Zumberge at al., 1997 mentioned the disadvantage of 

constraining different reference frames in the analysis of data from a global network to generate 

satellite products. Moreover, they pointed out the future necessity of reprocessing the global data 

to overcome the discontinuity problems. Therefore, a strong emphasis has been placed on the 

importance of re-analysing the GNSS archived observation data to generate accurate, consistent, 

and homogenous precise satellite orbit and clock, and EOP products over a long period of time.  

The IGS made its first effort (repro1) to reprocess all the GPS observation data which were 

recorded and archived during the period between 1994.00 and 2007.99 as one of its core 

objectives to produce a fully accurate, consistent, and homogenous set of precise satellite orbit 

and clock, and EOP products Ray, 2011. IGS repro1 campaign was finalized in April 2010 

Gendt and Ferland, 2010. Alhamdani 2012 carried out an evaluation of the individual IGS 

repro1 ACs’ products as well as the IGS repro1 combined products. Two techniques were 

considered in this evaluation to investigate the consistency and the homogeneity of the re-

processed GPS satellite orbit, clock and EOP products. In the first technique, the IGS repro1 

orbit and available clock products were assessed individually over ten years (1998.0 to 2007), 

whereas in the second technique, PPP was considered to assess IGS ACs' products over the same 

period. One of the more significant findings to emerge from Alhamadani, 2012 study is that an 

obvious improvement in the orbit products over ten years. Moreover, there is high level of 

consistency between some IGS ACs. However, Alhamdani, 2102 pointed out that there is a 

clear problem and significant deviations in some IGS ACs due to wrong constraints in their 

solutions affecting the frame in which the orbit products were estimated. Additionally, the most 

interesting finding of Alhamadni, 2012, study was that the repro1 products are suitable only for 

double difference relative positioning technique and not for precise point positioning (PPP) 

technique due to some weaknesses in the satellite clock products. 

 

7. CONCLUSIONS 

The long-term monitoring of different parameters of the Earth system, such as the land 

movement which is of particular interest in this study, can be carried out through the geophysical 

interpretations of coordinate time series derived from Global Navigation Satellite Systems. 

However, in the past, such geophysical interpretations could not be trusted owing to the fact that 

such time series were inconsistent and inhomogeneous, due to periodic changes in processing 

strategies, modeling of the atmospheric delays, parameterization, and the definition of the 

geodetic datum. As a result, many of the studies previously carried out have emphasized the 

necessity to reprocess all the continuous GPS observation data and produce a fully consistent set 

of products using the latest processing strategies, modeling techniques of the atmospheric delays, 

and parameterization. 
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This paper drew an attention to some of the recent regional and global monitoring studies based 

on CGPS measurements. Here, it was interesting to note that in most of the regional 

investigations of the Earth’s deformation studies were carried out based on the double-difference 

processing strategy to obtain a high level of precision for three-dimensional relative velocity 

estimates between stations, whereas the absolute horizontal and vertical velocity estimates for 

global networks have been produced very efficiently using PPP processing strategy. 

REFERENCES 

 Alhamadani, O. 2012. Precise satellite Orbit and Clock Generation for Long-Term 

Monitoring of Land Movemenrts using GNSS  PhD Thesis, University of Nottingham, 

United Kingdom. 

 

 Altamimi, Z., Sillard, P. & Boucher, C. 2002. ITRF2000: A new release of the 

International Terrestrial Reference Frame for earth science applications. Journal of 

Geophysical Research, 107, 2214. 

 

 Altamimi, Z., Sillard, P. & Boucher, C. 2003. The impact of a No-Net-Rotation Condition 

on ITRF2000. Geophysical Research Letters, 30, 1064. 

 

 Angermann, D., Klotz, J. & Reigber, C. 1999. Space-geodetic estimation of the Nazca-

South America anguler vector. Earth and Planetary Science Letters, 171, 329-334. 

 

 Argus, D. F. & Gordon, R. G. 1991a. Current Sierra Nevada-North America motion from 

very long baseline interferometry:Implications for th kinematics of the western United 

States". Geology, Vol. 19; no. 11, 1085-1088. 

 

 Argus, D. F. & Gordon, R. G. 1991b. No-net-rotation model of current plate velocities 

incorporating plate motion model NUVEL-1. Geophysical Research Letters, 18, 2039-

2042. 

 

 Argus, D. F. & Heflin, M. B. 1995. Plate motion and crustal deformation estimated with 

geodetic data from the Global Positioning System. Geophysical Research Letters, 22, 

1973-1976. 

 

 Argus, D. F., Gordon, R. G., Heflin, M. B., Ma, C., Eanes, R. J., Willis, P., Peltier, W. R. 

& Owen, S. E. 2010. The angular velocities of the plates and the velocity of Earth's 

centre from space geodesy. Geophysical Journal International, 180, 913-960. 

 

 Blewitt, G. 1993. Advances in Global Positioning System technology for geodynamics 

investigations. In: Smith, D. E. & Turcotte, D. L. (eds.) Contributions of Space Geodesy 

to Geodynamics: Technology. Washington DC: Pub. by American Geophysical Union. 

 

 Blewitt, G., Heflin, M. B., Hurst, K. J., Jefferson, D. C., Webb, F. H. & Zumberge, J. F. 

1993. Absolute far-field displacements from the 28 June 1992 Landers earthquake 

sequence. Nature, 361, 340-342. 

 



Journal of Engineering Volume    20    December -    2014 Number  12 
 

 

255 

 

 Bock, Y., Agnew, D. C., Fang, P., Genrich, J. F., Hager, B. H., Herring, T. A., Hudnut, 

K. W., King, R. W., Larsen, S., Minster, J. B., Stark, K., Wdowinski, S. & Wyatt, F. K. 

1993. Detection of crustal deformation from the Landers earthquake sequence using 

continuous geodetic measurements. Nature, 361, 337-340. 

 

 Bouin, M. N. & Wöppelmann, G. 2010. Land motion estimates from GPS at tide gauges: 

a geophysical evaluation.. Geophysical Journal International, 180, 193-209. 

 

 Cazenave, A., Valette, J. J. & Boucher, C. 1992. Positioning Results with DORIS on 

SPOT2 After First Year of Mission. Journal of Geophysical Research, 97, 7109-7119. 

 

 Chang, Z.-Q., Gong, H.-L., Zhang, J.-F. & Gong, L.-X. 2007. A Feasible Approach for 

Improving Accuracy of Ground Deformation Measured by D-InSAR. Journal of China 

University of Mining and Technology, 17, 262-266. 

 

 Chao, B. F., Dehant, V., Gross, R. S., Day, R. D., Salstein, D. A., Watkins, M. M. & 

Wilson, C. R. 2000. Space geodesy monitors mass transports in global geophysical 

fluids. Eos, Transactions, American Geophysical Union, 81, 247,249,250. 

 

 Demets, C. & Dixon, T. H. 1999. New kinematic models for Pacific-North America 

motion from 3 Ma to present, I: Evidence for steady motion and biases in the NUVEL-1A 

Model. Geophysical Research Letters, 26, 1921-1924. 

 

 Demets, C., Gordon, R. G., Argus, D. F. & Stein, S. 1990. Current plate motions. 

Geophysical Journal International, 101, 425-478. 

 

 Demets, C., Gordon, R. G., Argus, D. F. & Stein, S. 1994. Effect of recent revisions to 

the geomagnetic reversal time scale on estimates of current plate motions. Geophysical 

Research Letters, 21, 2191-2194. 

 

 Demets, C., Gordon, R. G. & Argus, D. F. 2010. Geologically current plate motions. 

Geophysical Journal International, 181, 1-80. 

 

 Dietrich, R., Rülke, A., Ihde, J., Lindner, K., Miller, H., Niemeier, W., Schenke, H.-W. & 

Seeber, G. 2004. Plate kinematics and deformation status of the Antarctic Peninsula 

based on GPS. Global and Planetary Change, 42, 313-321. 

 

 Dietrich, R., Rülke, A. & Scheinert, M. 2005. Present-day vertical crustal deformations 

in West Greenland from repeated GPS observations. Geophysical Journal International, 

163, 865-874. 

 

 Dixon, T. H. 1993. GPS measurement of relative motion of the Cocos and Caribbean 

Plates and strain accumulation across the Middle America Trench. Geophysical 

Research Letters, 20, 2167-2170. 

 

 Dixon, T. H., Gonzalez, G., Lichten, S. M., Tralli, D. M., Ness, G. E. & Dauphin, J. P. 

1991. Preliminary determination of Pacfic-North America relative motion in the southern 



Journal of Engineering Volume    20    December -    2014 Number  12 
 

 

256 

 

Gulf of Calfornia using the Global Positioning System. Geophysical Research Letters, 18, 

861-864. 

 

 Drewes, H. 1998. Combination of VLBI, SLR, and GPS determined station velocities for 

actual plate kinematic and crustal deformation models. In: Feissel, M. (ed.) IAG 

Symposia, Springer, 1998. 

 

 Drewes, H. & Angermann, D. 2001. The Actual Plate Kinematic and Crustal 

Deformation Model 2000 (APKIM2000) as a Geodetic Reference System. AIG 2001 

Scientific Assembly. Budapest, 2-8 Sept 2001. 

 

 Elósegui, P., Davis, J. L., Jaldehag, R. T. K., Johansson, J. M., Niell, A. E. & Shapiro, I. 

I. 1995. Geodesy using the Global Positioning System: The effects of signal scattering on 

estimates of site position. Journal of Geophysical Research, 100, 9921-9934. 

 

 Gendt, G. & Ferland, R. 2010. Availability of repro1" products". IGSMAIL-6136 

(http://igscb.jpl.nasa.gov/mail/igsmail/2010/msg00084.html). 

 

 Hammond, W. C., Blewitt, G. & Kreemer, C. 2011. Block modeling of crustal 

deformation of the northern Walker Lane and Basin and Range from GPS velocities. 

Journal of Geophysical Research, 116, B04402. 

 

 Jian-Qing, S. & Ting-Chen, J. 2010. Study the feasibility of airborne LIDAR on areal 

earth's crust deformation surveying. Geoscience and Remote Sensing (IITA-GRS), 2010 

Second IITA International Conference. Qingdao. 

 

 Johansson, J. M., Davis, J. L., Scherneck, H. G., Milne, G. A., Vermeer, M., Mitrovica, J. 

X., Bennett, R. A., Jonsson, B., Elgered, G., Elósegui, P., Koivula, H., Poutanen, M., 

Rönnäng, B. O. & Shapiro, I. I. 2002. Continuous GPS measurements of postglacial 

adjustment in Fennoscandia 1. Geodetic results. Journal of Geophysical Research, 107, 

2157. 

 

 Kayen, R., Pack, R. T., Bay, J., Sugimoto, S. & Tanaka, H. 2006. Terrestrial-LIDAR 

Visualization of Surface and Structural Deformations of the 2004 Niigata Ken Chuetsu, 

Japan, Earthquake, EERI. 

 

 Khan, S. A., Wahr, J., Leuliette, E., Van Dam, T., Larson, K. M. & Francis, O. 2008. 

Geodetic measurements of postglacial adjustments in Greenland. Journal of Geophysical 

Research, 113, B02402. 

 

 King, M., Altamimi, Z., Boehm, J., Bos, M., Dach, R., Elosegui, P., Fund, F., Hernández-

Pajares, M., Lavallee, D., Mendes Cerveira, P., Penna, N., Riva, R., Steigenberger, P., 

Van Dam, T., Vittuari, L., Williams, S. & Willis, P. 2010. Improved Constraints on 

Models of Glacial Isostatic Adjustment: A Review of the Contribution of Ground-Based 

Geodetic Observations. Surveys in Geophysics, 31, 465-507. 

 

http://igscb.jpl.nasa.gov/mail/igsmail/2010/msg00084.html


Journal of Engineering Volume    20    December -    2014 Number  12 
 

 

257 

 

 Lambert, A., Courtier, N., Sasagawa, G. S., Klopping, F., Winester, D., James, T. S. & 

Liard, J. O. 2001. New constraints on Laurentide postglacial rebound from absolute 

gravity measurements. Geophysical Research Letters, 28, 2109-2112. 

 

 Lambeck, K. 2004. Sea-level change through the last glacial cycle: geophysical, 

glaciological and palaeogeographic consequences. Comptes Rendus Geosciences, 336, 

677-689. 

 

 Lambeck, K., Smither, C. & Ekman, M. 1998. Tests of glacial rebound models for 

Fennoscandinavia based on instrumented sea- and lake-level records. Geophysical 

Journal International, 135, 375-387. 

 

 Larson, K. M. & Freymueller, J. 1995. Relative motions of the Australian, Pacific and 

Antarctic Plates estimated by the Global Positioning System. Geophysical Research 

Letters, 22, 37-40. 

 

 Larson, K. M. & Van Dam, T. 2000. Measuring postglacial rebound with GPS and 

absolute gravity. Geophysical Research Letters, 27, 3925-3928. 

 

 Larson, K. M., Freymueller, J. T. & Philipsen, S. 1997. Global plate velocities from the 

Global Positioning System. Journal of Geophysical Research, 102, 9961-9981. 

 

 Massonnet, D. & Feigl, K. L. 1998. Radar Interferometry and its Application to Changes 

in the Earth's Surface Reviews of Geophysics, 36, 441-500. 

 

 Mazzotti, S., Lambert, A., Courtier, N., Nykolaishen, L. & Dragert, H. 2007. Crustal 

uplift and sea level rise in northern Cascadia from GPS, absolute gravity, and tide gauge 

data. Geophysical Research Letters, 34, L15306. 

 

 Mitrovica, J. X., Milne, G. A. & Davis, J. L. 2001. Glacial isostatic adjustment on a 

rotating earth. Geophysical Journal International, 147, 562-578. 

 

 Muller, J. R. & Harding, D. J. 2007. Using LIDAR Surface Deformation Mapping to 

Constrain Earthquake Magnitudes on the Seattle Fault in Washington State. USA. Urban 

Remote Sensing Joint Event. Paris. 

 

 Nikolaidis, R. 2002. Observation of geodetic and seismic deformation with the Global 

Positioning System. PhD Thesis, University of California, San Diego. 

 

 Ohzono, M., Tabei, T., Doi, K., Shibuya, K. & Sagiya, T. 2006. Crustal movement of 

Antarctica and Syowa Station based on GPS measurements. Earth Planets Space" 58 

(No. 7), 795-804. 

 

 Peltier, W. R. 1994. Ice age paleotopography. Science, 265, 195-201. 

 

 Peltier, W. R. 1998. Postglacial Variations in the Level of the Sea: Implications for 

Climate Dynamics and Solid-Earth Geophysics. Reviews of Geophysics, 36, 603.  

 



Journal of Engineering Volume    20    December -    2014 Number  12 
 

 

258 

 

 Pérez, O. J., Bilham, R., Bendick, R., Velandia, J. R., Hernández, N., Moncayo, C., 

Hoyer, M. & Kozuch, M. 2001. Velocity field across the Southern Caribbean Plate 

Boundary and estimates of Caribbean/South&#8208;American Plate Motion using GPS 

Geodesy 1994&#8211;2000. Geophysical Research Letters, 28, 2987-2990. 

 

 Prawirodirdjo, L. & Bock, Y. 2004. Instantaneous global plate motion model from 12 

years of continuous GPS observations. Journal of Geophysical Research, 109, B08405. 

 

 Ray, J. 2011. International GNSS Service: Data Reprocessing Campaign. Online: 

http://acc.igs.org/reprocess.html  , Date accessed 03 August . 

 

 Raymond, C. A., Ivins, E. R., Heflin, M. B. & James, T. S. 2004. Quasi-continuous 

global positioning system measurements of glacial isostatic deformation in the Northern 

Transantarctic Mountains. Global and Planetary Change, 42, 295-303. 

 

 Rothacher, M., Steigenberger, P., Dietrich, R., Fritsche, M. & Rűlke, A. 2004. 

Reprocessing of the Global GPS Network - First Results. Poster Presentation, IGS 

workshop, Bern. 

 

 Robaudo, S. & Harrison, C. G. A. 1993. Plate tectonics from SLR and VLBI data, in 

Contributions of Space Geodesy and Geodynamics: Crustal Dynamics. Geodynamics 

Series 51-71, AGU, Washington, D. C. 

 

 Sato, K. 1993. Tectonic plate motion and deformation inferred from very long baseline 

interferometry. Tectonophysics, 220, 69-87. 

 

 Segall, P. & Davis, J. L. 1997. "GPS Applications for Geodynamics and Earthquake 

studies". Earth Planet. Sci, 25, 301-336. 

 

 Sella, G. F., Dixon, T. H. & Mao, A. 2002. REVEL: A model for Recent plate velocities 

from space geodesy. Journal of Geophysical Research, 107, 2081. 

 

 Sengoku, A. 1998. A plate motion study using Ajisai SLR data. Earth Planets Space, 

vol.50 no.8, 611-628. 

 

 Smith, D. E., Kolenkiewicz, R., Dunn, P. J., Robbins, J. W., Torrence, M. H., Klosko, S. 

M., Williamson, R. G., Pavlis, E. C. & Douglas, N. B. 1990. Tectonic motion and 

deformation from satellite laser ranging to LAGEOS. Journal of Geophysical Research, 

Vol. 95, 22,013-22,041. 

 

 Soudarin, L. & Cazenave, A. 1993. Global geodesy using Doris data on 

SPOT&#8208;2" Geophysical Research Letters, 20, 289-292. 

 

 Soudarin, L. & Cazenave, A. 1995. Large-scale tectonic plate motions measured with the 

DORIS Space Geodesy System. Geophysical Research Letters, 22, 469-472. 

 

 Sousa, J. J., Ruiz, A. M., Hanssen, R. F., Bastos, L., Gil, A. J., Galindo-Zaldívar, J. & 

Sanz De Galdeano, C. 2010. PS-InSAR processing methodologies in the detection of field 



Journal of Engineering Volume    20    December -    2014 Number  12 
 

 

259 

 

surface deformation--Study of the Granada basin (Central Betic Cordilleras, southern 

Spain). Journal of Geodynamics, 49, 181-189. 

 

 Teferle, F. N. 2003. Strategies for long-term monitoring of tide gauges using GPS. by 

Felix Norman Teferle. Thesis (Ph.D.), University of Nottingham. 

 

 Teferle, F. N., Orliac, E. J. & Bingley, R. M. 2007. An assessment of Bernese GPS 

software precise point positioning using IGS final products for global site velocities. GPS 

Solutions, 11, 205-213. 

 Tushingham, A. M. & Peltier, W. R. 1991. Ice-3G: a new global model of late 

Pleistocene deglaciation based upon geophysical predictions of post-glacial relative sea 

level change. Journal of Geophysical Research, 96, 4497-4523. 

 

 Velicogna, I. & Wahr, J. 2002. A method for separating Antarctic postglacial rebound 

and ice mass balance using future ICESat Geoscience Laser Altimeter System, Gravity 

Recovery and Climate Experiment, and GPS satellite data. Journal of Geophysical 

Research, 107, pp. ETG 20-1. 

 

 Wahr, J., Van Dam, T., Larson, K. & Francis, O. 2001. Geodetic measurements in 

Greenland and their implications. Journal of Geophysical Research, 106, 16,657-16,581. 

 

 Wei, M., Sandwell, D. & Smith-Konter, B. 2010. Optimal combination of InSAR and 

GPS for measuring interseismic crustal deformation. Advances in Space Research, 46, 

236-249. 

 

 Whitehouse, P. 2009. Glacial isostatic adjustment and sea-level change. Technical 

Report. Durham University. 

 

 Zerbini, S., Richter, B., Rocca, F., Van Dam, T. & Matonti, F. 2007. A Combination of 

Space and Terrestrial Geodetic Techniques to Monitor Land Subsidence: Case Study, the 

Southeastern Po Plain, Italy. Journal of Geophysical Research, 112, B05401. 

 

 Zumberge, J. F., Heflin, M. B., Jefferson, D. C., Watkins, M. M. & Webb, F. H. 1997. 

Precise point positioning for the efficient and robust analysis of GPS data from large 

networks. Journal of Geophysical Research, 102, 5005-5017. 

 

 

 

 

 

 

Figure 1. Changes in the used reference frame for the IGS final products generation. 
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Table1. Accuracy and latency of IGS GPS satellite products. 

IGS product types 
Sample 

Interval 
Accuracy Latency Update 

Final combination 
Orbits 15 min ~2.5 cm 12-18 

days 

Weekly/ Every 

Thursday Clocks 30 sec ~ 75 ps* 

Rapid combination 
Orbits 15 min ~2.5 cm 17-41 

hours 

Daily/at 17 UTC 

daily Clocks 5 min ~75 ps* 

Ultra-rapid 

combination 

Observed half 
Orbits 15 min ~3 cm 

3-9 hours 4 times per day at 

03, 09, 15, 21 

UTC 

Clocks 15 min ~150 ps* 

Predicted  

half 

Orbits 15 min ~5 cm Real 

time Clocks 15 min ~3 ns* 

* Root Mean Square (RMS). 
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ABSTRACT 

The permanent deformation of flexible pavement represent serious problem in hot climate region.  

Numerous efforts are devoted to mitigate this distress such as modifying asphalt binder by polymers. 

The present study demonstrate the effect of utilizing four types of polymers to reduce the permanent 

deformation, these polymers are Polyethylene Wax (PEW), Styrene Butadiene Rubber (SBR), 

Ethylene Propylene Dien Monomer (EPDM) and Ethylene Vinyl Acetate (EVA). The prepared 

mixtures composed of 4.9 % of 40/50 asphalt binder, 12.5 mm nominal aggregate maximum size 

and limestone dust as filler. The permanent and resilient strains have been recorded when the 

cylindrical specimens, 101.6 mm in diameter and 203.2 mm in height, tested by repeated loading 

system. The main conclusions exhibit that SBR and EPDM with the same concentration (15 % by 

weight of asphalt binder) reduced the permanent deformation by 30.20 % and 30.46 % respectively. 

Although, the PEW and EVA reduced permanent deformation by lower values, 13.24 % and 17.35 

% respectively, but the incremental percentage of their action are higher. The influences of testing 

temperature and stress level on permanent deformation were investigated. Linear regression model 

was established to correlate the values of permanent deformation and the resilient modulus of 

asphalt mixtures.      

Key words: asphalt pavement, permanent deformation, polymers, resilient modulus  
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 الخلاصة
 انشابظ الاعفهخيحؼذيم  يثمانضشس ، خهىد ػذيذة وخهج نخقهيم هزا يشكهت خذيت في يُبطق انًُبخ انحبس نهخبهيظ انًشٌ يًثم انخشىِ انذائًي

 اثيهيٍشًغ انبىني  نخقهيم انخشىِ انذائًي، هزِ انبىنيًشاث هي اث. حؼشض انذساعت انحبنيت حبثيشاعخخذاو اسبغ اَىاع يٍ انبىنيًشنبىنيًشاثبب

(PEW) ، غخبيشيٍ بىحبديٍ يطبط ان(SBR) ،إيثيهيٍ بشوبيهيٍ دييٍ يىَىيش(EPDM)  ٍو خلاث فيُيم الاثيهي(EVA) . انخهطبث انًؼذة

الاَفؼبلاث انذائًيت وانًشَت حى يقبط اقصً اعًي نهشكبو وغببس حدش انكهظ كًبدة يبنئت. يى  12.5، 00/00سابظ اعفهخي  %4.9حخكىٌ يٍ 

و  SBRانُخبئح انشئيغت ببٌ  اظهشثبُظبو الاحًبل انًخكشسة.يى 203.2يى واسحفبع 101.6حغديههب ػُذيب فحصج انًُبرج الاعطىاَيت بقطش 
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EPDM ( هخيٍ وصٌ انشابظ الاعف %15ونُفظ َغبت انخشكيض)ببنخؼبقب. سغى اٌ  %30.46و   %30.20انخشىِ بًقذاس  بقههخ يPEW  و

EVA بثيش حشاسة انفحص ويغخىي انُغبت انخضايذيت نفؼههًب كبٌ اكبش. حى بحث ح ، نكٍ ببنخؼبقب %17.35و  %13.24، قههخب انخشىِ بقيى اقم

 .نهخهطبث الاعفهخيتيؼبيم انًشوَت انخشىِ انذائًي و قيى. حى حكىيٍ اًَىرج اَحذاس خطي نشبظ الاخهبد

1. INTRODUCTION 

Generally, polymer modified asphalt binder are become more widespread in road construction to 

meet today’s high traffic loading. Furthermore, many efforts are devoted toward modifying asphalt 

mixtures by various types of polymers to enhance the resistance of asphalt paving to high and low 

temperatures consequences, allowing reduction in common failure mechanisms as rutting and 

cracking.  

Permanent deformation termed as rutting is one of the most considerable load-associated distress 

types affecting the performance of asphalt concrete pavement, Alavi, et al., 2011.  

Based on comprehensive survey carried out by Federal Highway Administration in 1998, rutting 

was considered to be the first ranking distress mechanisms in flexible pavement, followed by fatigue 

cracking and then by thermal cracking , FHWA, 1998. 

The research conducted by Pardhan, 1995, depicted that rutting usually appears as longitudinal 

depression in the wheel path accompanied by small upheavals to the side. Kaloush, 2001, revealed 

that repetitive action of heavy traffic loads caused an accumulation of permanent deformations in 

asphalt pavement.  

An extensive work in this field has been carried out by Sousa, et al., 1991, they reported that 

permanent deformation expressed by rutting occupied a major concern for at least two reasons; ruts 

trap water and hydroplaning which represent threat particularly for passenger cars, and ruts that 

develop in depth make steering increasingly become difficult, leading to major safety concerns.  

Mirzahosseini, et al., 2011, as well as many other researchers deduced that rutting decreases the 

useful service life of the pavement and by affecting vehicle handling characteristics; it creates 

serious hazards for highway users, consequently, it can decrease drainage capacity of pavement 

structure resulting in accumulation of water. Another negative effect of permanent deformation as 

declared by Bahuguna, 2003, is the reduction of pavement thickness, which boosts the occurrence 

of pavement failures through fatigue cracking.  

 

1.1 Objective of the Study 

This study tends to characterize the role of utilizing different types of polymers in order to improve 

the resistance of asphalt mixtures against permanent deformation. For this purpose, four types of 

polymers have been added by different concentrations to the asphalt binder to compose mixture that 

will be tested under repeated loading system to record the permanent deformation. These synthetic 

polymers are Polyethylene Wax (PEW), Styrene Butadiene Rubber (SBR), Ethylene Propylene 

Dien Monomer (EPDM) and Ethylene Vinyl Acetate (EVA).      

 

2. REVIEW OF LITERATURES   

Basically, polymer is a long string (or net) of small molecules connected together through chemical 

bonds. The chain connectivity of the polymer can give the chain great strength and at the same time, 

they can be very flexible, Hakseo, et al., 2012.  

Vonk and Valkering, 1996, conducted laboratory track test to determine the effect of Styrene 

Butadiene Rubber (SBR) addition on rutting resistance at 40 °C and 50 °C; their work results 

deducted that unmodified asphalt mixture has higher rutting rate comparing to SBR modified asphalt 

mixtures. Arnold and Pidwerbesky, 1996, performed testing to evaluate the SBR modified asphalt 



Journal of Engineering Volume    20    December -  2014 Number  12 
 

 

152 

 

rutting, the SBR was mixed with an optimum asphalt content of 6 % by total mix weight, the mix 

was applied at four different sections by different residual rate of asphalt and the results remarked 

that flushing is less in the section where less asphalt cement has been used.  

According to Boza and Gallegos, 2009, the addition of 1.0 and 2.0 percent of high density 

Polyethylene (HDPE) to asphalt binder is not able to modify the mechanical behavior of asphalt 

mixture effectively. Ahmadinia, et al., 2012, used polyethylene terephthalate; the appropriate 

amount of polyethylene terephthalate was determined to be 4.0 to 6.0 percent by weight of asphalt 

binder content, however, the result of the study indicated that modified mixture had lower trend to 

rut when compared to the non- modified asphalt mixtures.  

The research published by US Army Corps of Engineers, 2011, pointed out that for optimal 

economy; it is desirable to choose an asphalt modifier that resists multiple distresses such as rutting, 

it was found that the choice of polymer might have significant impact on rutting properties and that 

mixtures boasting the highest rutting life contained reactive Styrene-Butadiene cross linked 

polymers. Research carried out by Kumar and Veerara, 2011, conformed the improvement in 

rutting resistance due to modify the asphalt concrete by Styrene Butadiene Rubber.  

Ganesh, et al., 2011, monitoring the behavior of asphalt mixture at varying temperatures from 30°C 

to 50°C in steps of 5°C, they depicted that the performance of modified binders in the asphalt 

concrete mixtures is superior than plain binders, hence, the use of modified binders in the asphalt 

concrete mixtures increases the life of the pavement during adverse climatic conditions.  

The work conducted by Pareek, et al., 2012, demonstrated the results of elastic recovery and rutting 

resistance of mixtures modified by Styrene Butadiene Rubber, they founded that modified mixtures 

have a 79 percent increase of elastic recovery and 54 percent increase of rutting resistance.  
Xu, et al., 2010, investigated the effect of EPDM on rutting properties of asphalt mixtures; the 

results showed that asphalt binder with 3.5 percent of EPDM had the lowest rutting depth after 2500 

cycles of load repetitions, which is reduced by 32.56 percent in comparison with unmodified 

mixtures.  
EVA polymer has been widely used in the road construction industry for more than 40 years, where 

it improves both the workability of the asphalt during compaction and its deformation resistance in 

service. EVA polymers significantly improve the bitumen properties but to a different extent 

depending on the bitumen source and the polymer characteristics , Haddadi, et al., 2008.  

The results of experimental work conducted by Ahmed, 2012, revealed that polyethylene with its 

optimum content of 5 percent by weight of binder is a useful modifier for increasing the stiffness of 

asphalt concrete and confer additional pavement stability at elevated temperatures to minimize 

rutting.  
 

3. MATERIALS AND METHODS OF TESTING 

3.1 Asphalt Mixtures 

Essentially, all of asphalt mixtures materials were assiduously brought from locally well known 

sources. Concerning the asphalt cement binder, it was originally brought from Al-Daurah refinery 

and has 40/50 penetration grade, which is recommended to be used in hot region. The common test 

results are summarized in Table 1.  

Regarding aggregates portion, the conventional source for the coarse aggregate was Al-Nibaee 

quarry while Karbala province was the exporter for both of river sand and limestone dust that was 

servant as mineral filler. For appropriate production of dense asphalt mixtures, the mid limit 

gradation selection is consent with the recommended values offered by SCRB R/9, 2003. It was 
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established to use the 12.5 mm nominal aggregate maximum size, which is suitable for wearing 

course pavement.  

The demonstration of available characterizations of aggregates and mineral filler are listed in Tables 

2 and 3 respectively whilst the gradation path selection and sieve analysis are summarized in Table 

4 and portrayed in Fig.1. 

 

3.2 Polymers 
The SBR and EPDM polymers have been brought from Babylon Tires Factory in Al-Najaf province, 

while the source of the PEW and EVA polymers was the State Company for the Petrochemical 

Industries in Basra. Fig.2 display samples of these polymers.  

Based on previous studies mentioned in literature review, the quantity of polymers blended with 

asphalt cement hold constant by three categories with different concentrations, thus, the PEW and 

EVA have been added by 2, 4 and 6 percent of asphalt cement weight and for SBR and EPDM the 

percent became 5,10 and 15.  

The specified percent of polymer was mixed with toluene in a flask (500 ml vol.) by the ratio of 

1gm/1 ml and placed in air for approximately 24 hours. This procedure increased the polymers 

digestion and swelling as well as decreased the time of mixing. The homogenous slurry was added 

to the heated asphalt and mixed using an electrical stirrer at 1200 r.p.m for one hour at 

approximately 180 
o
C.  

The first phase of asphalt mixture preparation involved: washing, drying, separating and recombined 

the aggregates particles with limestone dust to obtain the required gradation. Subsequently, both of 

aggregates and asphalt modified cement were heated to suitable mixing temperature, in this case, the 

mixing temperature was relatively high (160 
o
C, due to the presence of polymers substances) .  

The binder content was held constant by 4.9 percent of total mixture weight throughout the forming 

of asphalt mixtures specimens. Each cylindrical testing specimen has dimensions of 101.6 mm in 

diameter and 203.2 mm in height, which required approximately 3800 g of asphalt mixture raw 

materials.  

The specimens were compacted by double plunger method with a load of 16600 kg. The load was 

applied to each end of the specimen for one minute. Finally, the specimen was carefully transferred 

to a smooth and flat surface, allowed to cool by standing it overnight at room temperature and then 

removed from the mold using a hydraulic extractor. The specimens were then numbered and placing 

in testing chamber for two hours at the desired temperature as shown in Fig.3.  

The axial repeated load test was conducted using the Pneumatic Repeated Load System , Albayati, 

A.H, 2006. In this test, repetitive compressive loading was applied to the specimen and the axial 

deformation was measured under the different loading repetitions. Compressive loading was applied 

in the form of rectangular wave with a constant loading frequency of 60 cycles per minute including 

0.1 sec loading time and 0.9 sec rest period.  

The experiment is commenced by application of repeated axial stress and recording the vertical 

deformation. Upon completion of test after 3000 load repetitions or any number for load repetition 

when the specimen failed earlier (as demonstrated in Fig.4), the recording is terminated and the 

specimen is removed from the test chamber. 
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The permanent deformation is expressed as vertical microstrain and calculated by using Eq.(1); 

 

    
  

 
                                                                                                        (1) 

where; 

ɛp = vertical microstrain, mm/mm 

ΔH = vertical deformation at the specified load repetition, mm 

H = original height of the specimen, 203.2 mm 

 

The resilient modulus of asphalt mixture , ASTM D-4123, can be applied as indicator of flexible 

pavement ability to resist the harmful effects of high axle loading and elevated temperature 

conditions. According to Huang, 2003, the resilient modulus is the elastic modulus based on 

recoverable strain in repeated load test and can be expressed by Eq.(2); 

 

    
  
  

                                                                                                                  (2)              

where; 

MR = resilient modulus of asphalt mixture, psi 

ơd =  deviator stress, which is the axial stress for unconfined compression test, 20 psi 

ɛr = recoverable vertical strain corresponding to the 200 
th

 repetition of load application. 

 

4. RESULTS AND DISCUSSIONS  

4.1 Effect of Temperature on Permanent Deformation and Resilient Modulus 

The temperature has a significant influence on both of permanent deformation and resilient modulus 

of asphalt mixture. As demonstrated in Fig.5 and Fig.6, increasing the test temperature from 40 
o
C 

to 50 
o
C produce an increase in permanent deformation by 25.8 % and a reduction in resilient 

modulus by 40.1 %. These two percentages became 69.2 % and 64.3 % respectively when the 

temperature raised to 60 
o
C. This behavior is quite understood and logically accepted because the 

stiffness of asphalt binder is adversely affected by the temperature increasing.   

 

4.2 Effect of Stress Level on Permanent Deformation 

One of the most important factor that affect the permanent deformation is the stress level, to put 

light on this point, the repeated load test conducted at three stress levels; 10, 20 and 30 psi. The 

outcome of the test is portrayed in Fig.7, which clearly shows that increasing stress level from 10 psi 

to 20 psi yields mixtures with higher deformation value by 13.8 %, in the same way, the percent of 

deformation increase reached 31.8 % as the stress level increased to 30 psi. 

 

4.3 Effect of Polymers on Resilient Modulus 

The resilient modulus test of asphalt mixtures have been performed as outlined by Huang, 2003 at 

40 
o
C and by applying stress magnitude equal to 20 psi, the elastic strain recorded at 200 

th
 No of 

repetitions. Fig.8 depicts the effect of incorporating a specified amount of PEW on the resilient 
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modulus, inspecting this figure deliver the message that the maximum resilient modulus occurred at 

4.0 % polymer content , furthermore, the total percent of modulus increase reached 3.74 with an 

incremental value equal to 0.62 % for each percent of PEW addition.   

This behavior is quite similar in the case of SBR usage, herein, adding SBR with a value up to 15 %, 

elevate the resilient modulus by 7.39 % and by an incremental value equal to 0.49 % for each 1.0 % 

of added polymer, as clearly shown in Fig.9. This improvement in resilient modulus is just similar to 

the situation when the EPDM is act as additive, in the same way, and within the range of polymer 

dosage, the enhancing percent in resilient modulus recorded 0.46 % for each 1.0 % of EPDM 

addition with total percent of increase equal to 6.92 as demonstrated in Fig.10. The justification of 

this similarity deduced his credibility from the fact that both of these polymers lie in the same 

polymer category of elastomer.The influence of blending asphalt binder with EVA polymer is 

portrayed in Fig.11, which declare that, this polymer also increase the resilient modulus by total 

amount of 4.64 % and with incremental magnitude of 0.77 %. 

 

4.4 Effect of Polymers on Permanent Deformation 

The particular concern of this study is to investigate the role of modifying asphalt binder with 

certain polymers in improving asphalt mixture resistance against permanent deformation. The 

participations of experimental work devoting to reach this goal are visualized in Figures 12, 13, 14 

and 15.  

The general remark triggered to mind by observing these figures, is that all of these polymers 

succeed in the purpose of permanent deformation reduction, which follow the same path of other 

researchers results. Good demonstration of PEW amount influence on microstrain magnitude can be 

understood by monitoring Fig.12, as the PEW dosage increased up to 6.0 %, the total microstrain 

reduced by         13.24 % with an incremental value of 2.20 % for each one percent of PEW dosage. 

Content of Fig.13 display clearly the relationship between SBR and microstrain, as shown; 

increasing this polymer concentration from 0.0 % to 15 % caused a decreasing in microstrain by 

30.20 %.The value of incremental reduction equal to 2.01%. Fig.14 focus on the role of  EPDM 

content on microstrain, again, increasing EPDM value up to 15 % reduced the microstrain by total 

amount of 30.46 % and by 2.03 % of incremental value. This similarity in results is not surprisingly 

as mentioned previously.Fig.15 explicit the effect of EVA concentration increase on the microstrain, 

herein, expanding the amount of polymer in mixture spectrum up to 6.0 %, lower the total 

microstrain value by 17.35 % with 2.89 % of incremental decrease for each one percent increase of 

EVA. 

The relationship between the resilient modulus of asphalt mixtures and the permanent deformation 

expressed by microstrain can be found as portrayed in Fig.16. By monitoring this figure, it is 

obvious that resilient modulus improvement play an important role in enhancing the resistance of 

asphalt mixture toward permanent deformation. To support this opinion, a linear regression analysis 

conducted to the data displayed in the mentioned figure. As a result, the following empirical 

equation has been established: 

     = 14329 - 3.0 MR   ,    R
2
 = 0.80                                                                                           (3) 

where; 
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ɛp = vertical microstrain, mm/mm 

MR = resilient modulus of asphalt mixture, psi 

 

      5. CONCLUSIONS 

 It is invariably found that, all four types of polymers used in this study succeed in improving 

the ability of asphalt mixture to resist the permanent deformation, however, the degree of 

success vary from one type to other. whereas, the SBR and EPDM polymers are sharing 

approximately the same value of permanent deformation reduction by 30.20 % and 30.46 % 

respectively and at the same polymer content of 15 % by weight of asphalt binder. On other 

hand, the PEW and EVA polymers reduce the permanent deformation microstrain by 13.24 

% and 17.35 % respectively at the 6 % polymer content. 

 

 The resilient modulus of asphalt mixture clearly effected by the participation of polymers as 

additives. In other words, incorporating PEW substance into the mixture increased the 

resilient modulus by 3.74 % at 6.0 % content of PEW. The SBR and EPDM polymers seems 

to be more effective in this activity, their percentages of extended the resilient modulus 

raised to 7.39 and 6.92 respectively and at exact 15 % of polymer content. The EVA polymer 

exhibit an improvement value equal to 4.64 % at 6.0 % of material content. 

 

 Elevating the test temperature from 40 
o
C to 50 

o
C produce an increase in permanent 

deformation by 25.8 % and a reduction in resilient modulus by 40.1 %. These two 

percentages became 69.2 % and 64.3 % respectively when the temperature raised to 60 
o
C. 

 

 Increasing stress level from 10 psi to 20 psi yields mixtures with higher deformation value 

by 13.8 %, in the same way, the deformation percent of increase reached 31.8 % as the stress 

level increased to 30 psi. 

 

 Simple linear regression model has been established to correlate the influence of resilient 

modulus on permanent deformation resistance.      
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NOMENCLATURE  

ASTM = american Society for Testing and Materials 

EPDM = ethylene Propylene Dien Monomer  
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EVA = ethylene Vinyl Acetate  

ɛp = vertical microstrain, mm/mm 

ɛr = recoverable vertical strain corresponding to the 200 
th

 repetition of load application. 

FHWA=Federal Highway Administration  

H = original height of the specimen, 203.2 mm 

MR = resilient modulus of asphalt mixture, psi 

ơd =  deviator stress, which is the axial stress in an unconfined compression test, 20 psi 

PEW = polyethylene Wax  

SBR = styrene Butadiene Rubber  

SCRB = state Corporation of Roads and Bridges 

ΔH = vertical deformation at the specified load repetition, mm 

 

Table 1. The physical properties of asphalt cement. 

Specification 

Requirement 
Result Unit Test 

40-50 42 1/10 mm Penetration (25 
o
C, 100 g, 5 sec). ASTM D 5 

……. 49 
o
C Softening Point (Ring & Ball). ASTM D 36 

≥ 100 102 cm Ductility (25 
o
C, 5 cm/min). ASTM D 113 

≥ 230 283 
o
C Flash Point (Cleveland open Cup) ASTM D-92 

….. 1.03 ….. Specific Gravity (25 
o
C). ASTM D-70 

 
 

 

 

 

 

 

 

Table 2. The physical properties of aggregates. 

Property 
Coarse 

Aggregate 

Fine 

Aggregate 

Bulk Specific Gravity, ASTM C-127 and C-128 2.51 2.64 
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Apparent Specific Gravity, ASTM C-127 and C-128 2.54 2.68 

Percent Water Absorption, ASTM C-127 and C-128 0.382 0.514 

 

 

 

Table 3. The physical properties of limestone dust. 

Property Unit Result 

Specific gravity ----- 2.69 

Passing No.200 % 96 

 
 

 

 

Table 4. The Gradation selection of combined aggregates 

Sieve Size 

 

Sieve Opening 

(mm) 

Specifications 

limit  

(SCRB R/9,2003) 

Selected 

Gradation 

3/4 ̋ 19 100 100 

1 2  12.5 90-100 95 

3    9.5 76-90 83 

No.4 4.75 44-74 59 

No.8 2.36 28-58 43 

No.50 1.18 5-21 13 

No.200 0.075 4-10 7 
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Figure.1 Sieve size analysis of combined aggregates. 

 

 
     Polyethylene Wax (PEW )                        Styrene Butadiene Rubber (SBR) 

 
    Ethylene Vinyl Acetate (EVA)             Ethylene Propylene Dien Monomer(EPDM)      

 

Figure.2 Samples of the polymers. 
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Figure.3 Specimen in the testing chamber. 

 

 

 
             

  Figure.4 Specimen at the end of test. 
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Figure 5. Effect of test temperature on permanent deformation 

      (@ stress level=10 psi, 1000 load repetitions) . 
 

 
Figure 6. Effect of test temperature on resilient modulus 

      (@ stress level=20 psi, 200 load repetitions, T=40 
o
C). 

 

Figure 7. Effect of stress level on permanent deformation 

      (@3000 load repetitions, T= 40 
o
C) . 
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Figure 8. Effect of PEW on resilient modulus 

      (@ stress level= 20 psi, 200 load repetitions, T= 40 
o
C) . 

 
Figure 9. Effect of SBR on resilient modulus 

      (@ stress level= 20 psi, 200 load repetitions, T= 40 
o
C).  

 
Figure 10. Effect of EPDM on resilient modulus 

      (@ stress level= 20 psi, 200 load repetitions, T= 40 
o
C).  
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Figure 11. Effect of EVA on resilient modulus 

      (@ stress level= 20 psi, 200 load repetitions, T= 40 
o
C) . 

 

Figure 12. Effect of PEW on permanent deformation 

      (@ stress level= 10 psi, T= 40 
o
C) . 

 

Figure 13. Effect of SBR on permanent deformation 

      (@ stress level= 10 psi, T= 40 
o
C) . 
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Figure 14. Effect of EPDM on permanent deformation 

      (@ stress level= 10 psi, T= 40 
o
C) . 

 
Figure 15. Effect of EVA on permanent deformation 

      (@ stress level= 10 psi, T= 40 
o
C) . 

 

Figure 16. Relationship between permanent deformation and resilient modulus . 
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 البنى الحضرية لمدينة بغداد تتابع 
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 الخلاصة
يتقصى البحث نشوء وتطور مدينة بغداد عبر مسارىا التاريخي الطويؿ، بدءً مف استجلاء طبيعة الموقع وخصائصو البيئية      

ورة، مروراً بمرحمة وضع خططيا واكتماؿ بناءىا في فترة ولاية ابو جعفر المنصور. ثـ يسترسؿ البحث قبؿ الشروع ببناء بغداد المد
 الية بغداد في وضعيا المعاصر. تفي وصؼ المراحؿ التعاقبية لمنمو والتوسع العمراني عمى جانبي نير دجمة وصولًا الى ما أل

المعاصرة، يوحي باختفاء العديد مف الدلالات التخطيطية التاريخية التي زالت اف التدقيؽ في ملامح البنية التخطيطية لمدينة بغداد 
 او ازيمت ولـ يعد ليا حضوراً فعمياً او رمزياً في المخططات الحديثة المتتابعة لمدينة بغداد.

 نة بغداد التاريخية.مف ىنا تبمورت مشكمة البحث متمثمة بتلاشي الملامح الاساسية التي منيا ومف ترابطاتيا تشكمت ىوية مدي
فرضية البحث: الشحة المعرفية عف اىـ الملامح العمرانية والتخطيطية التي اسيمف في رسـ ملامح ىوية بغداد عبر مراحميا 

 التاريخية المتعاقبة مف اىـ مسببات قطع سمسمة التواصؿ في بنية مدينة بغداد.
لػدلالات العمرانيػة والتخطيطيػة البػارزة والتػي با مكػاف اعػادة احيائيػا مف ىنا تبمور ىدؼ البحث في تأشير ووصؼ اىػـ المقومػات وا

 فعمياً او رمزياً لاستعادة ىوية بغداد وسماتيا التاريخية في المخططات الاساسية المعاصرة.
 

Succession of Urban Structures of the City of Baghdad 
 

Prof. Dr. Ghada Musa Razouqi ALslik                                                 Researcher: Firas Ali Majeed 
  Architectural department                                                                                     Architectural department 

Baghdad University/college of engineering                                  Baghdad University/ college of engineering 

ghadamrs@gmail.com                                                                   mrfirasarch1987@gmail.com 

ABSTRACT 
         The research shed light on the historic evolution of Baghdad through its long, expansive 
history. The starting point focuses on the geographic characteristics, and the nature of its habitation, 
prior to laying the circular plan of Baghdad. Then the research proceeds to cover the stage of 
building the round city of Baghdad. The research continue to cover the expansion and sequential 
growth across the banks of Tigris river. 
         A concentrated attention is devoted to analyses the morphological, geographical and above all 
the makeup of present day city of Baghdad, pinpointing the apathetic plans, decisions, and actions 
which completely disfigured the image, and tradition of the old city of Baghdad, behind the 
delusive slogans of “comprehensive development”. From the above ejective acts, the research 
problem is formulated as: The gradual dilapidation of major components that recall the historic 
image of Baghdad. 
        The research assumption thus formulated the causes that lead to the disfigurement of Baghdad 
historic identity in the consequent plans and policies which gave little or no  attention to the historic 
developmental formation of the city. From the above assumption, the research goal can be stated as 
“Pin pointing the historic path of development to enclose the salient historic features that makes 
impact on the present day image of Baghdad. 
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 مقدمةال
أعطػت لكػؿ  تتميز المدف التاريخيػة وخصوصػاً مناطقيػا القديمػة ومراكزىػا الحضػرية بكونيػا تحمػؿ قيمػاً معنويػة متميػزة متمثمػة بسػمات بػارزة     

مراكزىػػا  مدينػػة خصوصػػيتيا وانتمائيػػا التػػاريخي والجغرافػػي وتمثػػؿ إرثػػاد حضػػاريادـ وتعػػد مدينػػة بغػػػػػداد مػػف المػػدف التاريخيػػة والتػػي تتميػػز بكثػػر
عػاـ حيػث  1321ـ مر عمى البدء  ببناء المدينة المدورة في موقع بغداد 3112وفي عاـ  ،التاريخية التي تميزت عمى مراحؿ مختمفة مف التاريخ

بميػة ولكػف تػاريخ بغػداد اقػدـ مػف ذلػؾ بكثيػر حيػث اتػى ذكػر اسػـ بغػداد فػي العديػد مػف المصػادر البا *،ـ266ـ وانتيػى عػاـ 263بدأ البنػاء عػاـ 
 في اخبار الدولة الاموية. والقديمة وكذلؾ تـ ذكر اسـ بغداد في الفتوحات الاسلامية  والآراميةوالكمدانية 

المواقػع وقمػة فػي المعرفػة حػوؿ  ،لكف ىذه العاصمة التاريخية والمدينة الاسطورية يشوب تاريخيا وعمارتيا وبنيتيا الحضرية الكثير مف الغموض
حتػػى يكػػاد المخطػػط الػػدائر  لمدينػػة ، متغيػػرات كثيػػرة سياسػػية واقتصػػادية واجتماعيػػة و يرىػػاب تعاقبػػة زمانيػػاً، وقػػد مػػرت الحضػػرية ومخططاتيػػا الم
( يعد  ير معرؼ زمانياً ولا مكانيػاًـ فقمػة مػف المعمػارييف فقػط  يعرفػوف في التاريخ لمدينة ةشامم المخططات الحضريةبغداد )والذ  يعد مف اوؿ 

كمػا اف ىنالػؾ نقػص و يػاب فػي المعرفػة  عػف الحقبػة الزمنيػة التػي عاشػتيا ، ة مف المحيط الحضر  لممدينة قػديما ومعاصػراموقع المدينة المدور 
وكػذلؾ  يػاب المعرفػة عػف اىػـ البنػى الحضػرية لممدينػة وكػذلؾ البنػى المعماريػة ليػا ويخػتمط لػده الكثيػريف امرىػا مػع بغػداد فػي  ،المدينػة المػدورة
او الرصػافة بمعنػى الجانػب الايمػف ، تمط امر الرصػافة التاريخيػة مػع الرصػافة المعاصػرة سػواء مركػز الرصػافة التػاريخيكما يخ ،جانب الرصافة
  .مف نير دجمة

 لقػػد حظيػػت مدينػػة بغػػداد بكػػـ كبيػػر مػػف الدراسػػات التاريخيػػة ودراسػػات الاثاريػػة بػػدءاً مػػف نيايػػة القػػرف التاسػػع عشػػر ومطمػػع القػػرف العشػػريف، كمػػا
 ة مخططات تـ مسحيا عممياً تتابعياً.وضعت لممدين

ـ، وكاف مف تداعيات ىذا 1231كما وضعت مخططات اساس لممدينة التي بدأت بالنمو المتسارع بعد اعلاف الدولة العراقية المعاصرة عاـ 
 .ةميا التخطيطيالنمو الكبير واحلاؿ التخطيط الحديث في اجزاء كبيرة مف النسيج التراثي  ياب كثير مف ملامح المدينة ومعال

 البنيـة الحضريـة: :1
المكػاني المحػيط با نسػاف، وتضػـ جػانبي الزمػاف لقد قامت دراسات حضرية متعددة بطرح مفيػوـ البنيػة الحضػرية التػي تعنػي الوسػط او المجػاؿ 

 ,Rapoport, 1981)ة الحضػارية والمكػاف، ينػتج عنيػا كػؿك متكامػؿ يعكػس القػيـ الثقافيػة والاجتماعيػة ويمثػؿ نظامػا معقػدا يتصػؼ بالاسػتمراري

pp161-184). 
البيئػػة بأنيػػا سمسػػمة مػػف العلاقػػات بػػيف العناصػػر الفيزيائيػػة وا نسػػاف، وىػػذه العلاقػػة تكػػوف عمػػى مسػػتوييف، بػػيف  (Amos Rapoport) عػػرؼ

موعػة العلاقػػات التػػي تكونيػػا بػيف ا نسػػاف وا نسػػاف مػػف جيػة أخػػره، ويػػره أف مج وابػيف العناصػػر وا نسػػاف،  واالعناصػر والعناصػػر اىخػػره، 
ولا تقتصػر  ،البيئة تتصؼ بالانتظاـ والتناسػؽ، وتمتمػؾ شػكلا وىػيكلا، فالبيئػة ليسػت تنظيمػا عشػوائيا، إنمػا تخضػع لػنمط مػف العلاقػات الفضػائية

  .(Rapoport, 1977, pp 8-12)لكنيا مترابطة وبدرجات متباينة لتحقيؽ الفصؿ الفضائي بيف شػا مييا  ،عمى العناصر وا نساف
 

ونسػتنتج ممػا  .العمارة وا نساف ىػي بنػى، والبنيػة تتكػوف مػف عناصػر وعلاقػات بػيف العناصػركؿ مف ف وىذه البيئة يمكف تفسيرىا كبنية حضرية،
مػػف  الخصػػائص العلائقيػػة بػػيف العناصػػر، ولػػيس العناصػػر ذاتيػػا، فيػػي تركػػز عمػػى الوحػػدة والتماسػػؾ، والبنيػػة الحضػػرية تنشػػأ ىػػيسػػبؽ اف الميػػـ 

 علاقة الجزء بالجزء والجزء بالكؿ وتعاني )تحولات تتحكـ بيا قوانيف وقواعد دوف أف تتعده حدودىا وتذوب بعناصر خارجة عنيا(.
قػة ويشير المفيوـ إلى علاقة اىجزاء ضمف الكؿ واف معنى اىشياء  متجسد في العلاقات الداخمية لمعلاقات الكامنػة فػي الشػيء نفسػو واف العلا

ينػة جزاء أىـ مف اىجزاء ذاتيا التي تكوف قابمة لمتبادؿ مع بقػاء العلاقػات بينيػا ثابتػة. ولكػوف الكتػؿ والفضػاءات التػي بمجمميػا تكػوف المدبيف اى
إف المدينػة  فقػد اعتبػر بعػض البػاحثيفالماديػة واىشػكاؿ الماثمػة فػي الوجػود، ىي وسيمة مػف وسػائؿ الاتصػاؿ، أ  إف ىنػاؾ معنػى خمػؼ الوقػائع 

العلاقػات وأسػاليب و الفضػاءات، و مجموعة تعابير تحاوؿ إيصاؿ معنى معيف إلى متمؽٍ مػف خػلاؿ شخصػيتيا الماديػة فػي الحػدود، الطرائػؽ،  ىي
حركتيا. وىذه يمكف اعتبارىا علامات توضيحية ومفػردات محػددة لممعنػى ضػمف نػص متكامػؿ يحػاوؿ إبػراز المعنػى الكػامف خمفػو، ىػذه المعػاني 

 (.2، ص1221ضارة وثقافة معينة واكتشفت مدلولاتيا مف خلاؿ علاقات اىشياء مع بعضيا البعض )عزيز، التي ترشحت مف ح

مجموعػة مػف السػطوحـ مػا يميػز  (Rossi)بنيػة النسػيج الحضػر  مػف خػلاؿ مفيػوـ الفضػاء، فالمدينػة بحسػب تعريػؼ  (Aldo Rossi)وصػؼ 
الحضػػرية مػػف خػػلاؿ مجموعػػة مػػف البنيػػة  (David Gosling)ـ وعػػرؼ   (Rossi 1982/p 62)خصائصػػيا الثابتػػة ىػػو تنظيميػػا الفضػػائي

العناصػػر والقواعػػد التػػي تػػربط تمػػؾ العناصػػر وتشػػبييا بالمغػػة مػػف حيػػث وجػػود حػػروؼ أبجديػػة وقواعػػد تربطيػػا لمحصػػوؿ عمػػى بنيػػة لغويػػة، وفػػي 
حاف المميزة، وأشر وجود تقارب كبير بيف البنية الشكمية الموسيقى لابد مف وجود نوتة موسيقية ترتبط بطريقة مميزة في التنظيـ لموصوؿ الى اىل
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لاقػات والبنية الوظيفية لمنسيج الحضر ، في كلا البنيتيف يظير التغير في الييئة مف خلاؿ التغيير في العناصر والعلاقػات، واف طبيعػة ىػذه الع
 .(Gosling 1984/p152)بيف العناصر تتغير بتغير التوجيات الفكرية والحضارية 

أف البنية الحضرية تنتج عف علاقة الكتمة بالفضاء والعلاقات المختمفة قد تنتج أشكالا وىيئات حضرية مختمفة باختلاؼ (Rapoport) بيف كما 
قػة لعلاالعلاقة بيف الكتمة والفضاء، وأشر إف المدف ا سلامية ذوات بنية داخمية، أ  المدف التي تنفتح فضاءاتيا الى الداخؿ مػف خػلاؿ طبيعػة ا

 .(Rapoport 1977/p10)بيف الكتمة والفضاء في حيف إف المدف الحديثة ىي مدف الانفتاح نحو الخارج 
والخصــا    – الفضــا  –)عناصــر أساســية  ىــي )العتلــة  التــييتبــين إن بنيــة النســير الحضــرم تتجــعل مــن مجموعــة مــن البنــى  ىــذا مــن

وان طبيعـة  ،حـدد النسـق الحضـرمي مـا تختلافيا ىاالتي بين ىذه العناصر الاساسية و  ، وان العلاقات العلاقاتية بين نظم الفضا ات والعتل
 و.يععس طبيعة الفعر الذم تمثل اتبين العتل والفضا  اتىذه العلاق

الخصػػائص الموضػػعية لمبنيػػة الحضػػرية مػػف خػػلاؿ مفيػػوـ النسػػؽ الفضػػائي المقتػػرح فػػي  McCluskey)ودراسػػة  (Curran)دراسػػة  تناولػػتلقػػد 
البنية الحضرية عمى وفؽ أنمػاط نظػـ الحركػة المعتمػدة  (Curran)فقد عرؼ ة النسيج الحضر ، ثـ دراسة عناصر بنية النسيج الحضر . ىيكم

الفضػاءات المفتوحػة الػى فضػاءات خطيػة  (Curran)في ىيكمة الفضاء المفتوح مف خػلاؿ تحميػؿ المخططػات لمػدد زمنيػة مختمفػةـ وقػد صػنؼ 
أىميػة العلاقػة بػيف الفضػاءات الخطيػة والفضػاءات المتجمعػة بوصػفيا العناصػر اىساسػية فػي بنيػة النسػيج الحضػر ، وفضاءات متجمعة، وأكد 

وأشر العلاقة بيف العنصريف اىساسييف مف خلاؿ طبيعة ارتباط الفضاء التجميعي بالفضػاء الخطػي، وقسػـ الفضػاءات التجميعيػة الػى فضػاءات 
معزولة، إذ تنتج البنى الحضريػة مف اختلاؼ العلاقات الفضائيػة بػيف الفضػاءات الاتجاىيػة والفضػاءات استراتيجية وفضاءات مركبة وفضاءات 

 .(Curran, 1983,p 79)التجميعيػة 

فقد أكد الخصائص الموضعية لمفضاء الحضر  )المكاف( و )المسػار( مػف خػلاؿ تأكيػده عمػى اسػتمرارية واجيػات المبػاني  (McCluskey)أما 
فػػػػػػي تحقيػػػػػػؽ الاحتػػػػػػواء الفضػػػػػػائي شػػػػػػكؿ، وحػػػػػػدد عػػػػػػدداً مػػػػػػف الخصػػػػػػائص الموضػػػػػػعية لمكتمػػػػػػة التػػػػػػي تعػػػػػػزز الاحتػػػػػػواء الفضػػػػػػائي والارتفاعػػػػػػات 

(McCluskey,1972,p 108-110):- 
 .) اتجاه الشارع )استمرارية الواجيات واستمرارية الفضاء الحضر 

 .)عرض الشارع )ارتفاع المباني بما يتناسب مع عرض المسار لتحقيؽ الاحتواء 

 لتقاطعات )تأكيد وتعريؼ واجيات المباني التي تعرؼ تقاطعات مسارات الحركة(.ا 

 .الشواخص 

فػػي بحثػػو المسػػتمر عػػف علاقػػة المبنػػى بالفضػػاء الحضػػر  أىميػػة الواجيػػات اىماميػػة والخمفيػػة والركنيػػة لمعمػػارة فػػي  (Colin Rowe)وقػػد أكػػد 
ء وتعريػؼ حػدوده، ممػا يعكػس المممػس فػي المخططػات مػف خػلاؿ قػراءة العلاقػة تعريؼ الفضاء، وكذلؾ ارتباط المبنػى بػاىرض لاحتػواء الفضػا

( ثـ مجموعة مقالاتو المنشورة 1226والمنشور عاـ ) (Collage City)كتابو الموسوـ  وبطرحبيف الكتمة والفضاء في تشكيؿ النسيج الحضر ـ 
ا عف أفكػار فػي ىيكمػة المدينػة مػف خػلاؿ العلاقػة معبر فيي (Cornel Journal)والمنشورة في  (Grid/Frame/Lattice/web)تحت عنواف 

 بيف الكتمة والفضاء، عف طريؽ تحويؿ المخططات الى رسوـ باىبيض واىسود، التي تعكس طبيعة العلاقة بيف الكتمة والفضػاء والمعتمػدة عمػى
ساسي فػي بنيػة النسػيج الحضػر ، وعلاقػة الكتمػة بمػا كؿ منيما العنصر اى ويعد الفضاء( –، وطور مفيوـ )الكتمة (Gestalt)نظرية الكشتالت 

يحيطيا مف خلاؿ خصائص )المممس والنمط والحافة والمحور( بوصفو رد فعؿ ضد الصورية في التصميـ الحضر ، والارتباطات الاجتماعية، 
 .(Rowe 1998/p95) إذ حمؿ المدينة بوصفيا نصاً معزولًا عما حولو مف المتغيرات الاقتصادية والاجتماعية 

 -عمى ثلاثة مبادئ أساسية في تحميؿ البنية الحضرية:وأكد 
 الحافة( وعلاقة الشكؿ بالخمفية.  –المممس  –في دراسة علاقة )الحقؿ  (Gestalt)مبادئ الػ

 السياقية.
لنمػو الحػديث، عمػى أف المػدف الحديثػة قػد دمرىػا ا (A New Theory Of Urban Design-1987)فقػد اكػد فػي كتػاب  (Alexander)امػا 

واليػػدؼ ىػػو البحػػث عػػف الفضػػاء الموجػػب وتأكيػػد مركزيػػة النمػػو الحضػػر  مػػف خػػلاؿ خمسػػة مكونػػات أساسػػية فػػي بنيػػة النسػػيج الحضػػر  وىػػي 
المفتوحػة دالحػدائؽ العامػةد، وشػوارع الحركػة، ومواقػؼ السػيارات( مػف خػلاؿ التعامػؿ مػع العناصػر )المباني، ومحاور حركة المشاة، والفضػاءات 

 اسية في بنية النسيج الحضر  لممدينة بوصفيا مراحؿ ديناميكية متداخمة، وبيذا نحصؿ عمى فكرة المدينة المتكاممة شموليا مػرة أخػره. أكػداىس
(Alexander)  تعريؼ بنية النسيج الحضر  مف خلاؿ تعريؼ محاور المشاة إذ إف ارتباطات محاور المشاة تعرؼ النسيج الحضر ، في حيف

لمػػدف الحديثػػة مبػػدأ التػػدرج الػػوظيفي فػػي التنطيػػؽ وفػػي العلاقػػات بػػيف أجػػزاء المدينػػة وعػػزؿ الفعاليػػات المختمفػػة أده الػػى تجزئػػة نسػػيج أف اعتمػػاد ا
 المدينة.

 تتػداخؿ فيػو الفعاليػات مقابػؿ التػدرج الفضػائي إذ يظيػر التكامػؿ الشػمولي فػي مراكػز المػدف التقميديػة، بينمػا الػذ كما أكد فكرة المركػز الحضػر  
 .(Alexander 1987/p93)تبنى المدف الحديثة وفؽ أجزاء موضعية فيكوف الكؿ مجموع مف أجزاء موضعية ولا يمتمؾ كياناً خاصاً مميزاً 
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فقد قدـ في طروحاتو وصفا لمبنية الحضرية مف خلاؿ أجزائيا الموضعية ومف خلاؿ تأكيد المسار والعقد وتحقيؽ الارتباط بيف  (Gosling)اما 
الحركػػة لتنػػتج أجػػزاء مميػػزة موضػػعيا ومػػف خػػلاؿ ارتبػػاط اىجػػزاء الموضػػعية ينػػتج الييكػػؿ الشػػمولي لمبنيػػة الحضػػرية. وأكػػد حركػػة المشػػاة مسػػارات 

المكػاف والساحات وتحديد فكرة المكاف والاتجاه مف خلاؿ تأكيد التسمسؿ الفضائي بيف البيئػة القديمػة فػي المدينػة واىجػزاء الحديثػة، وفػي تعريػؼ 
العػاـ واىوسػع كانػت تؤكػد  ابالفضاء مف حيث ارتفاعاتيا ودرجة احتوائو، إلا أف الدراسة في مجاليخصائص الموضعية لمسطوح المحيطة أكد ال

 .(Gosling 1984/p 154)مسارات الحركة والقطاع، وأىمية العقد في بنية النسيج الحضر  
أىميػة الارتباطػات الموضػعية  (Gosling)صر  محاور الحركة و العقد، أكد ومف خلاؿ تحميؿ عدد مف النظـ الحضرية التقميدية عمى وفؽ عن
 .لمحاور الحركة في تحديد الخصائص الشمولية لمبنية الحضرية

مغـايرة  ، وىـيالجموليةب اسماىا بعض الباحثين تعطي للبنية خصا   نسقيةأساسية ترتبط بقواعد  علاقاتان البنية تتجعل من  يتأعد ىنا
صر، والبنية تحمل مجموعة من التحولات وىي ليست جعلًا ساعناً، ويمعن تعريف بنية النسير الحضرم بأنيا تتجـعل بجـعل لخصا   العنا

المغلقـة مـع بعضـيا  المعونـاتأساسيين )مغلـق  وتمثـل أصـغر وحـدة عتلـة مفتوحـة، وتمثـل نـواة لفضـا  مفتـوح. تـرتبط  معونيناساسي من 
الـذم ويعـرف الفضـا ات الحضـرية )المفتوحة  فأنيـا بتجميعيـا تجـعل المحـيط العلـي  المعونات، أما يةالعتل الحضر والتي بتجعيلاتيا تعرف 

 يربط العتل الحضرية، ويميز العلاقة بين العتلة والفضا  المفتوح عن النسق الحضرم.
التـي تسـمى اخـر  ي التجـعيل و مـن بنيـة أساسـية تسـمى )بنيـة عميقـة  تجـعل وتـؤثر فـ بالأسـاسعذلك أوضحت الدراسات أن البنيـة تتعـون 
 نتاجاً للتحولات المتعددة التي تحصل من خلال ثبات البنى العميقة التي تولدىا.)البنى السطحية  وتظير البنى السطحية 

بيػا  تػدخؿ اجزاؤىػا فػي علاقػة مػع الكػؿ وفػؽ قػوانيف خاصػة حيػث في صورة المدينػة العلاقاتانعكاس لحالة  ىي ووفؽ ما ذكر فاف بنية المدينة
، وتعػػػد المدينػػػة حيػػػة بمقػػػدار تحكميػػػا سمسػػػمة مػػػف التحػػػولات تعمػػػؿ عمػػػى خمػػػؽ وبمػػػوغ حالػػػة التػػػوازف الشػػػامؿ بفضػػػؿ قػػػدرتيا عمػػػى الضػػػبط الػػػذاتي

 (.22، ص3112)الجمالي، حيث تمر بتحولات في بناىا السطحية مع ثبات بناىا العميقة.  –استمراريتيا وفؽ خصائص البنية 

 :مفردات البنية الحضرية -1-1
ويمكننػا اف نػره اف المكونػات الاساسػية ليػذه البنيػة تتمثػؿ  –تضح انطباؽ خصائص البنى وعلاقاتيا عمػى البنيػة الحضػرية ومنيػا بنيػة المدينػة ي

مػػف خػػلاؿ نػػواتي الفضػػاء والكتمػػة والخصػػائص المرتبطػػة بانسػػاؽ الفضػػاءات والكتػػؿ، وىػػذا مػػا يعطػػي لمبنيػػة الحضػػرية خاصػػية ميمػػة جػػداً ىػػي 
 لمكاف.ارتباطيا با

ية بنػػى ىػػذا عمػػى المسػػتوه الفيزيػػاو ، امػػا مػػف ناحيػػة القػػيـ المرتبطػػة باليويػػة والمكونػػات الاجتماعيػػة والثقافيػػة والديمو رافيػػة تكػػوف لمبنيػػة الحضػػر 
لاؿ عميقػػة وبنػػى سػػطحية مرتبطػػة بالمكونػػات والخصػػائص الثقافيػػة، والػػبعض يػػدخؿ فػػي علاقػػات )ركزيػػو او مباشػػره( مػػع البنػػى الفيزياويػػة مػػف خػػ

 مكوف )الشكؿ( وارتباطو بالذاكرة والاخر يدخؿ في علاقات سطحية مع المكونات الفيزياوية لمفضاء والكتمة.
 The Image of the)الرائػػدة  (Lynch)جػػرت عػػدة دراسػػات لتصػػنيؼ مكونػػات البنيػػة المكانيػػة ، اسػػتندت معظميػػا عمػػى دراسػػة وقػػد 

City,1960)  المدينػػة او ايػػة بيئػػة مبنيػػة تكػػوف قػػادرة عمػػى توليػػد صػػور ذىنيػػة قويػػة ومتماسػػكة عنػػد أ  والتػػي اثبػػت فييػػا اف التػػي سػػبؽ ذكرىػػا
ذات استمرارية وحضور عالييف مع وجػود مجموعػة مػف الاجػزاء  (Formal Patterns)، اذا كاف مف الممكف فيميا بصيغة انماط شكمية يمتمق

 المتميزة عف بعضيا والمتمفصمة بشكؿ واضح ومقروء.

 :ةصورة المدين -1-1-1
ىػي ميمػة و سمسػمة مػف العناصػر النمطيػة  ليػابنيػة بكونيػا  Image of the cityقػدـ لػنج منػذ السػتينيات طرحػة المشػيور حػوؿ صػورة المدينػة 

س لييمنتيا البصرية كتمميحات لمتوجيو وكعلامات لخصائص اجتماعيػة او تاريخيػة او وظيفيػة لممدينػة. وقػد حػدد عناصػر البنػاء الفيزيػائي الخمػػ
 (Paths)عػػف المكػػاف وىػػي : المسػػارات  (Mental Schemata)المػػػدينة التػػي يسػػتخدميا النػػاس عػػادة فػػي بنػػاء مخططػػاتيـ الذىنيػػة لييكػػؿ 

، وىجػػؿ اسػػتخلاص مفػػردات البنيػػة الحضػػرية بػػربط (Landmarks)والمعػػالـ  (Nodes)والعقػػد  (Districts)والقطاعػػات  (Edges)والحافػػات 
 ات الثقافية والادراكية سيتقصى البحث ثلاثة طروحات اساسية بدءاً ب)صورة المدينة(.المكونات الفيزيائية مع المكون

 ور ـ كثرة تداوليا الا اف طرحيا ىنا باختصار جاء ىىميتيا ولاستخلاص مفردات البنية الحضرية.

  المساراتPaths 
  الحافاتEdges 
  القطاعاتDistricts 
  العقــدNodes 
  المعالمLandmarks 
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 العتل الحضرية :  -1-1-2-1
د تتمثؿ الكتؿ الحضرية بحجـ ونسؽ وارتفاع الاجزاء الكتمية واسموب ترابطيا كأبنية وشػواخص، وتظيػر المقومػات المختمفػة كأنمػاط وانسػاؽ تحػد

تحػػددىا وتشػػكؿ الكتػػؿ مجموعػػة متلاحمػػة تنتشػػر فػػي مجػػالات ، (11، ص1212)الاشػػعب، الجانػػب المورفولػػوجي لممدينػػة او البنيػػة الحضػػرية، 
 الطرؽ ويقسميا جزئياً التقطيع، وىو يشكؿ الاستعمالات الحضرية الممموءة ، ويمكف تمييز ثلاثة أنماط اساسية ىنواع الكتؿ الحضرية:

  .)نمط الكتؿ المستقمة )تكويف منفصؿ 
  (.خطية -تمركز  –تقاطع  –تواز  ) تشكيؿ بيف الكتؿنمط 

  نائيػػة فػػي ىػػذا الاتجػػاه ممتحمػػة او شػػبو ممتحمػػة مػػع بعضػػيا وتمتػػؼ حػػوؿ الفضػػاءات الداخميػػة الفضػػاءات الداخميػػة : وتظيػػر الكتػػؿ البنمػػط
(Henry, 1990, p31 .) 

 الفضا ات الحضرية : -1-1-2-2
يسػػيؿ الاحسػاس بالفضػاءات عنػػدما تحػدد بكتػػؿ الابنيػة، وكممػػا تمثػؿ الفضػاءات التػػي تتػوفر مػػف خػلاؿ انمػاط الكتػػؿ وانسػاقيا واسػػموب ترابطيػا و 

عمػػى النسػػبة بػػيف ارتفػػاع المبػػاني المحيطػػة والمسػػافة الافقيػػة  الانغلاقيػػةمػػع بعضػػيا يػػزداد انغػػلاؽ الفضػػاء وتحديػػده، وتعتمػػد درجػػة الكتػػؿ  التئمػػت
 بينيا، وىذا ما امتازت بو المدف التقميدية.

يتيا بصورة منفصمة، وىذه تعطي متعة بصرية اعمى مف رؤ  قد ظاىرة ترابط الابنية( عمى اف Cullen, 1961, p11)( Cullen) كولف أكدلقد 
 النقطػػة قػػد تػػـ تأويميػػا بمصػػطمح )التعقيػػد البصػػر ( الػػذ  يػػوفره التػػرابط المػػذكور اعػػلاه كمصػػطمح مضػػاد لمػػػ )انفراديػػة( . ويػػؤثر تخطػػيط النسػػيج

 .العمراني ىية مدينة عمى مخططيا البصر  وكذلؾ عمى اماكف وضع العناصر البنيوية فييا
ءات الحضرية وطبيعة تعريفيا بالكتؿ الحضرية في دراسػات المػدف، وقػد ظيػرت التكوينػات الحضػرية عبػر التػاريخ، لقد تمت دراسة انماط الفضا

 فضلًا عف التكوينات الشبكية في الحداثة وصيغ متعددة مف الربط بينيا.

 استعمالات الارض : -1-1-2-3
كافػػة بػػدافع مػػف قػػيميـ ومػػثميـ، والسػػموؾ الانسػػاني ىػػو  اف اسػػتعمالات الارض فػػي المدينػػة مػػا ىػػي الا نتػػاج السػػموؾ الفػػرد  الجمػػاعي لمسػػكاف

وعبػػر الػػزمف ارتبطػػت فعاليػػات الانسػػاف بحالػػة مػػف )تنطيػػؽ( مكػػاني ليػػذه التصػػرفات الفرديػػة والجماعيػػة التػػي تػػؤثر وتتػػأثر باسػػتعمالات الارض، 
ظيػور تػداخؿ تكػاممي بػيف ىػذه الاسػتعمالات  فضػلًا عػف –الفعاليات فنشأت مناطؽ سكنية ومناطؽ تجارية ومناطؽ حكومية او عامػة او دينيػة 

باىنمػػاط السػػابؽ ذكرىػػا عمػػى مسػػتوه الكتػػؿ الحضػػرية والفضػػاءات  التػػي مثمػػت وظػػائؼ المػػدف، وىػػذه الفعاليػػات والاسػػتعمالات انعكسػػت فيزياويػػاً 
القػيـ والسػموكيات التػي تمثػؿ اليويػة المميػػزة الحضػرية، فاىنمػاط الفضػائية تعػد انعكاسػاً ولػيس اقحامػاً عمػى طريقػة حيػاه النػاس وانعكاسػاً لمثقافػة و 

 لممجموعات الثقافية والاجتماعية.
 (. 121، ص1222فضلًا عف ذلؾ فاف ىناؾ عوامؿ اخره تؤثر في استعمالات الارض داخؿ المدف يمكف ايجازىا: )حيدر،

عامػؿ المنافسػة ، Land Valueقيمة الارض ) وتقسـ الى Economic Factorsالعوامؿ الاقتصادية ، Natural Factorsالعوامؿ الطبيعية 
Competition ، عامػػؿ النقػػؿTransportation ،) العوامػػؿ التقنيػػةTechnological Factors ، تغيػػر نمػػط الاسػػتثمار العائػػد عمػػى قطعػػة

 Change in the Pattern ofالتغيػػر فػػي نمػػط الاسػتثمار المجػػاور، Change in the Pattern of Land Investmentالارض 

Investment Next to the Activity. 

تسيـ ىػذه العوامػؿ ، مجتمعػة او منفػردة فػي توزيػع اسػتعمالات الارض داخػؿ نطػاؽ المػدف، وتػنعكس اسػتعمالات الارض الحضػرية والتػي تمثػؿ 
 علاقات اجتماعية واقتصادية ضمف البيئة الحضرية كفعاليات ونشاطات مختمفة معرضة لمتغير نتيجة ىذه العلاقات.

حيػث تطػور مفيػوـ العقػدة  urban webالطػرح الثالػث الػذ  يػتـ تقصػيو فػي اسػتخلاص مفػردات البنيػة الحضػرية ىػو مفيػوـ الشػبكة الحضػرية 
 ليعني عقد العناصر الطبيعية وعقد الفعاليات الانسانية والعقد المعمارية كما تطرح الترابطات بينيا وكذلؾ التدرجات اليرمية ليـ.

 : Urban Webالجبعة الحضرية  -1-2
 ويعرفيا عمى انيا: Urban Webمصطمح الشبكة الحضرية  Nikos Salingarosيطرح 

نية وتتشػكؿ البنية التنظيمية المعقدة الموجودة اساساً في الفضاء بيف البنايات، فكؿ بناية تحو  او تأو  واحدة او اكثر مف عقػد الفعاليػات الانسػا
ناصػػر الرابطػػة بػػيف تمػػؾ العقػػد كالمماشػػي والمنػػاطؽ الخضػػراء، الجػػدراف الحػػرة والطػػرؽ و يرىػػا. الشػػبكة الحضػػرية مػػف العناصػػر الخارجيػػة والع

(Salingaros, ,2002,p2.) 

تتولد الشبكة الحضرية مف مجموعة مف العمميات التػي تحػدث ضػمف مجموعػة مػف العناصػر التػي تشػكؿ المبػادئ البنيويػة الحضػرية وىػي العقػد 
 والترابطات والتنظيـ اليرمي.
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 : Structural Principles of Urban Web – المبادئ البنيوية للجبعة الحضرية -1-2-1
  العقدNodes: 

تتمركز الشبكة الحضرية حوؿ عقد الفعاليات الانسانية والتي مف تفاعلاتيا مع بعضػيا تتشػكؿ الشػبكة، ىنالػؾ انػواع مختمفػة مػف ىػذه 
لكنيسػػة...الخ، وتعمػػؿ العناصػػر الطبيعيػػة والمعماريػػة عمػػى تعزيػػز عقػػد الفعاليػػات العقػػد كالبيػػت، العمػػؿ، المتنػػزه، المخػػزف، المطعػػـ، ا

 الانسانية ومساراتيا الرابطة.
  الترابطاتConnections: 

ىي شكؿ مػف العلاقػات والػروابط ثنائيػة الاتجػاه، تصػؿ بػيف عقػد الفعاليػات الانسػانية، اف اقصػر الترابطػات مػف عقػدة الػى اخػره ىػي 
ف بعػػض تمػػؾ العقػػد تحتػػاج الػػى طػػرؽ منحنيػػة الشػػكؿ احيانػػاً واخػػره متعرجػػة، وتعػػرؼ المسػػارات الناجحػػة كحافػػة الخػػط المسػػتقيـ ولكػػ

Edge .بيف مناطؽ تخطيطية متغايرة وتتشكؿ عمى طوؿ الحدود الفاصمة بينيا 
  التنظيـ اليرميHierarchy: 

ويات مختمفػة مػف المقيػاس فتصػبح متعػددة الترابطػات تنظـ الشبكة الحضرية نفسيا بػاف تخمػؽ تنظيمػا ىرميػا مػف الترابطػات عمػى مسػت
ولكنيػػا ليسػػت فوضػػوية فالعمميػػة التنظيميػػة تتبػػع ترتيبػػاً محكمػػاً، بػػدءاً مػػف المقيػػاس الصػػغير )المماشػػي( وصػػولًا الػػى الاعمػػى مقياسػػاً 

 ة ولكف تدريجياً عبر الزمف.)الطرؽ متعددة السعة(، اف ىذا النوع مف التسمسؿ اليرمي لايمكف اف يتشكؿ بصورة مفاجئة ومرة واحد
 طبيعة الترابطات في الجبعة الحضرية: -1-2-2

لمػػا ليػػا مػػف اىميػػة فػػي تشػػكيؿ الشػػبكة الحضػػرية وصػػورة المدينػػة، اف الترابطػػات فػػي التصػػميـ  Connectionsيتطػػرؽ البحػػث الػػى الترابطػػات 
 (.Salingaros,2002,p4الحضر  تربط ثلاث انماط مف العناصر مع بعضيا البعض. )

  العناصر الطبيعيةNatural Elements: 

 كحافة النير او مجموعة الاشجار او كعقد مف المزارع الخضراء.
  عقد الفعاليات الانسانيةHuman Activity Nodes: 

 الحيوية.فالفعاليات الانسانية ىي التي تعرؼ العقد، كالمناطؽ الطبيعية والمناطؽ السكنية والتجارية.. الخ ويعزز مف عقد فعالياتو 
  العناصر المعماريةArchitectural elements: 

 وتتضمف كؿ ما يبنيو الانساف لربط العناصر الطبيعية ويعزز مف عقد فعالياتو الحيوية.
تكوف بصرية ومرئية وتشكؿ صورة الترتيب الحضر  لمعناصر فػي المشػيد الكمػي، والاخػره  Salingarosاف جزءاً مف الترابطات التي يقترحيا 

 (.Salingaros,2002,p3تكوف انساؽ ضمنية وترابطات  ير ظاىرة. ) قد

 استخلا  مفردات البنية الحضرية: -1-3

,  pathsان الاساس الذم تم بنا ه من قبل لنر حول ما يمعن ان يعتبر  ) معونات ام عيان حضرم  , و ىي خمسة معونات : المسارات 
،  يبقـى صـالحاً للتحليـل ولعـن  landmarksوالجـواخ  أو العلامـات الدالـة   nodes, العقد   districts, القطاعات edgesالحافات 

 تتم مقارنتو بالأطروحات الاخر  وصولًا الى المفردات النيا ية التي ستستخل  بالبحث.
ى تبقى المسارات من اىم المفردات على المستو  الحضـرم، وىـي اساسـية علـى المسـتويات الفيزيا يـة واساسـية علـ –المسارات  -1

 مستو  الادراك والوضوح في البنية الحضرية.
حيث تلعب الفعالية الانسـانية الاسـاس الـذم تنجـأ منيـا اسـتعمالات الارض، فمنيـا تلـك التـي تسـتمر  - عقد الفعاليات الانسانية -2

تم اضـافة عقـد ومنيا تلك التي تتوقف او تتغير عبر الزمن، وحيث ان المدينة عيان حي وليس مجموعـة عيانـات فيزيا يـة فقـط فيـ
الفعاليــات البجــرية عتصــنيف للعقــد فــي المعــون الحضــرم، ان ىــذه العقــد تغطــي معــون القطاعــات وبــنفس الوقــت تــربط التعــوين 

 الفيزياوم بالنمط الوظيفي والاستخدامي.
 لاسوار.وتمثل عل من الحافات الطبيعية عالانيار والحدود الطوبوغرافية وتلك المقامة من قبل الانسان عا -الحافات  -3
 ونستخل  ايضاً العلاقة الثانية المتمثلة بالترابطات بين العلاقات وتدرجاتيا وتوضع عالاتي:  -4

 الترابطات او التدرج اليرمي للعلاقات. -
ان الجواخ  التي اعتمدىا لنر ىي المستو  الدلالي الوحيد قد تم تضـمينيا فـي الاطروحـات الدلاليـة الايحا يـة حيـث تطـرح عـل  -5

 لالاتيا ومعانييا، وعليو فيعمن اضافة تصنيف ومؤجر اخر يمثل المستويات الدلالية والامعانية لعل العلاقات اعلاه.المعونات بد
: ىو عندما تختفي الملامح الفيزيا ية وتبقى معانييا وحوادثيا في ذاعرة المدينة والناس وارتباطيا برمزيـة الأمـاعن وفييـا،  الإمعانحيث ان 
 ثل وجود غير ظاىر لقو  عامنة في الامعنة للمعونات المدينة.يم الإمعانوبالتالي 

 وعليو فان اىم المفردات التي ستوظف لتحليل البنية الحضرية والمعمارية والتي سيتم طرحيا بجعل العلاقات الاساسية ىي عالاتي :
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 العلاقات الاساسية على مستو  المحاور )المسارات . -1
 الفعاليات الانسانية .العلاقات الاساسية على مستو  عقد  -2
 العلاقات الاساسية للحافات )الطبيعية والحضرية . -3
 الترابطات او التدرج اليرمي للعلاقات -4
 للعلاقات اعلاه. الإمعانالمستويات الدلالية ومستويات  -5

 تتابع البنى الحضرية: -1-4
ابع فــي البنــى الحضــرية، مصــطلح التتــابع بنيــة حضــرية، نوضــح ىنــا المقصــود بالتتــ لأيــةبعــد اســتخلا  المؤجــرات التــي يمعــن تطبيقيــا 

Succession  وبيذا فان المقصود بتتابع البنى الحضـرية يعنـي دراسـة اعثـر مـن  –معينة او ظواىر معينة  لأحداثيعني التسلسل الزمني
 بنية حضرية لمعان معين يمر بمراحل عدة يمعن تحليليا عبنى حضرية تسلسلت في حضورىا الزمني في نفس المعان.

الذم بحث عمبدأ بنيوم من التزامن، ومن ىذا المنطق فان معنى التتابع في ىذا البحث يحمل  –عن التتابع عما رأينا يرتبط بمفيوم التعاقب ل
ية ايضاً تحليلات للقيم التتابعية وىي عما مر بنا خلال الفصل، تمثل الاحداث والتاريخ والمحيط ومن خلال تحليـل ىـذا التتـابع للبنـى الحضـر 

ــدلالي فــي عــل العلاقــات الانســانية المطروحــة ي ــاوم وال ــى المســتويين الفيزي ــة عل ــد البنــى العميق ــر فييــا، وتحدي ــد الثابــت والمتغي معــن تحدي
الامعان )المسارات، وعقد الفعاليات البجرية والعقد المعمارية، والحافات  ثم الترابطات بين العلاقات وتدرجيا والمستويات الدلالية ومستويات 

 ومعرفة التحويلات في البنى السطحية عبر الزمن. ليا

يـاً وىدف ىذا البحث ايضاح التتابع للبنى الحضرية لمدينة بغداد ذات العمق التاريخي والتي مرت بعدد من المراحل التاريخية المتداخلـة ثقاف
دراعية، وايضاح العلاقات البنيوية الاساسية التي استمرت والمتعددة الجوانب سياسياً واقتصادياً واجتماعياً، فضلًا عن الجوانب الفيزياوية والا

 والمعمارم.منيا وابرازىا امام المخططين والمصممين المعاصرين عمعرفة اصيلة في بنا  مجاريع التطوير واعادة التأىيل الحضرم 

 تحليل البنى الحضرية لمنطقة بغداد قبل بنا  المدينة المدورة: -2
ف تاريخ مدينة بغداد  يضاح اىمية الموقع الػذ  انشػأت عميػو مدينػة بغػداد المعروفػة حاليػا، و يضػاح اىػـ مػا احتػواه لقد تـ اختيار ىذه الحقبة م

ىذا الموقع مف موارد، زادت مف اىميتو وساعدت في نفس الوقػت عمػى نشػوء كيػاف حضػر  متميػز عمػى مختمػؼ الاصػعدة والازمنػة، وتبػدأ ىػذه 
 (.1ـ. )الشكؿ 766ـ وحتى نشوء مدينة بغداد المدورة سنة 634اً مف الفتح الاسلامي لممنطقة سنة الحقبة كما تـ الاشارة اليو سابق

 
 
 

 مخطط ٌوضح موقع بغداد قبل بناء المدٌنة المدورة( 1الشكل )
 2008اعداد الباحث بالاعتماد على مخطط د.غادة السلق 
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 العلاقات الاساسية على مستو  المحاور )المسارات  للحقبة الاولى: -2-1

خططػات وايضػاح أىػـ العقػد التػي مف خلاؿ الاعتماد عمى المخططات التي اوردىا المؤرخوف والبػاحثوف، وبالاعتمػاد كػذلؾ عمػى تحميػؿ ىػذه الم
علـواذا تواجدت في الموقع، يمكف اف نره بعض مف المسارات الرئيسية التي تواجدت في الموقع، ومف ابرز المسارات ىو الطريؽ الواصؿ بػيف: 

 –قريـة ورثـالا  – قريـة سـال –سـونايا  –سـوق بغـداد  –قطفتـا  –الجسـر  – )في الجزء الشرقي مف نيػر دجمػة(سوق الثلاثا   –الزندورد  –
(، ويكػوف ىػذا الطريػؽ بشػكؿ مسػتعرض 2)في الجزء الغربػي مػف نيػر دجمػة(، )الشػكؿ الػرقـ  المحول –قرية براثا  –قرية العرخ  –قرية بناورا 

ت الرئيسي في عمى اتجاه نير دجمة. وتقع عمى ىذا الطريؽ القره والمستوطنات الزراعية والمواقع التجارية، ويمثؿ ىذا الطريؽ طريؽ المواصلا
 ؽ بعد كمواذا الى المدائف شرقاً الموقع والمواز  لمطريؽ النير  )الصراة العظمى والرفيؿ(، ويتجو ىذا الطري

لمعاصػرة وبعد المحوؿ الى الانبار  رباً، وبيذا يمثؿ الطريؽ المحور الحركي والوظيفي الرئيسي لمموقع. وعند مقارنة ىػذا المسػار بمدينػة بغػداد ا
اربػػاً لممسػػار الػػذ  يبػػدأ مػػف الكػػرادة الحاليػػة فشػػارع السػػعدوف ثػػـ شػػارع الرشػػيد حتػػى سػػاحة حػػافظ القاضػػي، ويعبػػر جسػػر الاحػػرار مػػرورا نجػػده مق

، 2008قاطعػػا بعػػض اجػػزاء متنػػزه الػػزوراء ومػػارا بمنطقتػػي المنصػػور واليرمػػوؾ حتػػى قرابػػة موقػػع اـ الطبػػوؿ. )السػػمؽ،  بػػالعلاو  ومحاذيػػا او
 (.18ص

رحــا  –قريــة الخطابيــة  –ديــر بســتان القــس  –قريــة الجــرفانية  –بقريــة الوردانيــة لثػػاني الػػذ  يوجػػد فػػي الموقػػع فيػػو الػػذ  يبػػدأ: امػا المسػػار ا
(، ويكػوف ىػذا الطريػؽ بشػكؿ عمػود  عمػى الطريػؽ الرئيسػي الػذ  تػـ ذكػره، واسػتخدـ ىػذا الطريػؽ 2، )الشػكؿ المحول –قرية براثا  –البطريق 

ولمتجارة وصولا الى الطريؽ الرئيسي، وعند مقارنتو مع بغداد المعاصرة نجدة مقارباً لممسار الذ  يبدأ مف العطيفية ثـ ايضا كطريؽ لممواصلات 
 رمضاف( ثـ اليرموؾ حتى قرابة موقع اـ الطبوؿ. 14الاسكاف ثـ المنصور )

، قطفتـا –سـوق بغـداد  –عمـر صـليبا  –قريـة سـونيا  –بقريـة الجـرفانية ويوجد مسار اخر اقؿ اىمية مف المساريف السابقيف وىو الػذ  يبػدأ: 
 (، ويسير ىذا الطريؽ بشكؿ مواز  لنير دجمة وعمود  عمى الطريؽ الرئيسي، والذ  يقارب عند مقارنتو ببغداد مسار شارع حيفا.2)الشكؿ 

 العلاقات الاساسية على مستو  عقد الفعاليات الانسانية للحقبة الاولى: -2-2

المستوه مف العلاقات وخصوصاً في تمؾ الحقبة، بالتأكيد فاف الزراعة كانت تمثؿ العقد الاساسية في الموقع، فكمػا تبػيف اعػلاه بالنسبة الى ىذا 
اف القره نمت بشكؿ رئيسي عمى ضفاؼ الانيار والقنوات ممػا يػدؿ عمػى اسػتخداـ ىػذه الانيػار ى ػراض الػر  والزراعػة بشػكؿ رئيسػي، إضػافة 

 خره. الى الاستخدامات الا
، وكػذلؾ كما تواجد في الموقع عدد مف المزارع والبساتيف الكبيرة التي كاف ليا دور اساسي في ابػراز ىػذه العقػدة الانسػانية، مثػؿ مزرعػة المباركػة

 (.2)الشكؿ  اركة والذ  كاف لاحد مموؾ الفرس.البستاف الواقع الى الشماؿ مف مزرعة المب

تعتبر مف العقد الانسػانية الميمػة فػي الموقػع فيػي متمثمػة فػي وجػود السػوقيف الميمػيف وىمػا: سػوؽ الثلاثػاء  اما بالنسبة الى العقدة الاخره والتي
د بمػا الواقع الى الشرؽ مف نير دجمة، وكذلؾ سوؽ بغداد الواقع الى الغرب مف نير دجمة يجتمع فيو التجار لمبيػع والشػراء مػف كافػة أنحػاء الػبلا

ىىميػة الكبيػرة لموقػع السػوؽ فػي بغػداد مػف حيػث انػو يتوسػط العػراؽ ، ولكونػو يقػع عمػى طريػؽ التجػارة البريػة يعكس أىميتو آنذاؾ، فضػلا عػف ا
 والنيرية ويرتبط مع مستوطنات الشماؿ والجنوب بالمواصلات النيرية، مما يدؿ عمى اف الموقع كاف ذو طابع تجار  ميـ فػي المنطقػة ولػـ يكػف

بغػػداد كػػاف مركػػزاً تجاريػػاً ووظيفيػػاً ميمػػا بسػػبب كونػػو واقعػػاً فػػي المنطقػػة مػػا بػػيف نيػػر دجمػػة والفػػرات ووجػػود مكتفيػػا بالزراعػػة فقػػط، حيػػث اف موقػػع 
  (.2قناتيف ىما الصراة والرفيؿ مما زاد مف اىمية الموقع التجارية. )الشكؿ 

وقػع سػكني، لػذلؾ نلاحػظ انتشػار القػره اما مف اىـ الاستعمالات التػي تواجػدت فػي المنطقػة فيػي السػكف، حيػث اف الموقػع قػد شػكؿ باىسػاس م
رد السػكنية فػػي منػػاطؽ متفرقػػة مػف الموقػػع،، ومػػف اىػػـ القػره التػػي تواجػػدت فػػي المنطقػة ىػػي قريػػة براثػػا وقريػة سػػونيا والشػػرفانية والخطابيػػة وزنػػدو 

 و يرىا مف القره التي تواجدت في الموقع والتي استمرت الى ازماف لاحقة.
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 ية للحافات )الطبيعية والحضرية  للحقبة الاولى:العلاقات الاساس -2-3

ية في ىذه الحقبة لـ تكػف الحافػات واضػحة وبػارزة وخصوصػاً الحافػات الحضػرية. امػا بالنسػبة الػى الحافػات الطبيعيػة فقػد تتمثػؿ باىنيػار الرئيسػ
ار الصػغيرة با ضػافة عمػى القنػوات المائيػة، وضفافيا، بسبب كوف ىذا الموقع ىو موقع رسوبي سيمي ذو تربة خصبة تجر  فيو عدد مػف الانيػ

حيث اف مف الطبيعي اف تتواجد عدد مف القره والمستوطنات عمى ضفاؼ ىذه الانيار او بالقرب منيا، وفي مقدمة ىذه الانيار ىو نيػر دجمػة 
ريػة سػونيا )المنطقػة الواقعػة عمػى جيػة تواجدت عمى ضفافو عدد مػف القػره والمسػتوطنات، منيػا قالذ  يعتبر النير الرئيسي في المنطقة والذ  

ريػة الغربي مف جسر الصرافية الحالي(، وكذلؾ قرية قطفتا )منطقة المشاىدة الحالية(، وكذلؾ منطقػة الشماسػية )الصػميخ حاليػاً(، وكػذلؾ توجػد ق
مثػػؿ قريػػة كمػػواذا )تقػػع بػػيف منطقػػة المباركػػة، ىػػذا فػػي الجػػزء الغربػػي مػػف نيػػر دجمػػة، امػػا فػػي الجػػزء الشػػرقي مػػف النيػػر فتوجػػدت عػػدد مػػف القػػره 

 (.3 الشكؿ(، )75ـ ص2004السعدوف والكرادة حاليا(، وكذلؾ منطقة الزندورد التي تقع الى الشماؿ مف قرية كمواذا. )عماد عبد السلاـ رؤوؼـ

ع والمتمثمػػة فػػي القنػػاتيف ىمػػا نيػػر دجمػػة الػػذ  يعتبػػر العقػػدة الرئيسػػية فػػي الموقػػع يوجػػد كػػذلؾ عقػػدة اخػػره ذات اىميػػة كبيػػرة لمموقػػ اف فضػػلا عػػف
ينبعاف مػف المحػوؿ  ربػا ويسػيراف بشػكؿ شػبو متػواز  حتػى يصػباف  )الصراة العظمى( و)الرفيؿ او كما يسمى بنير عيسى(، والمذاف ينطمقاف او

 .خ، وقرية براثافي دجمة، وتوجد عمى ضفافيما عدد مف القره والمستوطنات مثؿ قرية ساؿ، وقرية ورثالا، وقرية بناورا، وقرية الكر 
ونجد كذلؾ  مف خلاؿ مؤشرات الموقع اف ىاتيف القناتيف قد استخدمتا لممواصلات وكذلؾ ى راض الر ، ممػا يجعميمػا مػف العلاقػات الاساسػية 

 (. 3 الشكؿفي الموقع. )

يار صغيره لػـ تكػف ذات دور اساسػي ضػمف فضلًا عف ىذه العقد المتمثمة  بنير دجمة وكذلؾ بقناتي الصراة والرفيؿ، توجد في الموقع قنوات وان
محيط الموقع، ولكف تواجدت عمييا بعض القره الصغيرة، مثؿ نير بػيف الػذ  يقػع الػى الشػرؽ مػف نيػر دجمػة، وكػذلؾ فػروع نيػر الػدجيؿ القػديـ 

 الشكؿية الشرفانية، والقرية الخطابية.)الواقعة الى الغرب مف نير دجمة والمذاف تواجدت عمييما عدد مف القره الصغيرة مثؿ قرية الوردانية، والقر 
3.) 

امػا بالنسػبة الػى الحافػات الحضػرية فمػػـ تكػف واضػحة، كػوف المنطقػة لػػـ تحتػو  عمػى كيانػات حضػرية واضػحة بػػؿ احتػوت عمػى عػدد مػف القػػره 
ذه المنطقػة عمػى مركػز حضػر  الصغيرة المنشرة بأماكف متفرقة ضمف المنطقة، ا  انيا لـ تكف محددة بحدود واضحة، وكذلؾ لـ تكف تحتو  ى

 ادار  مما جعميا تفتقر الى ابسط مكونات المدينة الحضرية.

 الترابطات او التدرج اليرمي للعلاقات للحقبة الاولى: -2-4

نواة مركزيػة  بالنسبة الى ىذا المستوه مف العلاقات وبالاعتماد عمى ما تـ تحميمو في عقدة العمارة  يتبيف اف القره والمستوطنات لـ تحتو  عمى
او نواتيف ضمف القرية نفسيا، ولكنيا تقترب مف صيغة التكويف العضو  وتتوزع فييا المسارات والمسػاكف الصػغيرة بشػكؿ  يػر ىندسػي و يمكػف 

 اف تحتو  عمى بعض مف المساكف الكبيرة لكبار المزارعيف او كبار التجار.

 م634مخطط ٌوضح المسارات والفعالٌات الانسانٌة لمنطقة بغداد قبل انشاء المدٌنة المدورة سنة ( 2الشكل )

 اد لاحمد سوسة  اعداد واٌضاح الباحث بالاعتماد على اطلس بغد
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قػره او المسػتوطنات، فكػاف موقعػو فػي اطػراؼ القػره ولػيس فػي وسػطيا، ىػذا بالنسػبة بما يخص بناية الدير الذ  يعتبر المركز الديني ضػمف ال
الػػى التػػدرج ضػػمف القريػػة او المسػػتوطنة نفسػػيا، امػػا عمػػى مسػػتوه الموقػػع ككػػؿ المتضػػمف عػػدد مػػف القػػره والمسػػتوطنات، فتظيػػر ىنالػػؾ علاقػػة 

الموقػع )سػوؽ الثلاثػاء فػي شػرؽ دجمػة وسػوؽ بغػداد فػي  ػرب دجمػة(، اساسية متمثمة بالمحور الرئيسي الذ  يربط بيف السػوقيف الموجػوديف فػي 
با ضػػػافة الػػػى المحػػػاور المائيػػػة الثلاثػػػة )نيػػػر دجمػػػة ونيػػػر الصػػػراة والرفيػػػؿ(، حيػػػث يمكػػػف اعتبػػػار ىػػػذه المحػػػاور النػػػواة المركزيػػػة لتجمػػػع القػػػره 

ا ضافة الى وجود بعض المحاور الثانوية سواء كانػت محػاور والمستوطنات ضمف الموقع ككؿ اما ىسباب الزراعة او اسباب التجارة والتنقؿ، ب
 حركية )مسارات( او محاور مائية التي كانت اقؿ اىمية مف المحاور الرئيسية في تجمع القره والمستوطنات حوليا.

 المستويات الدلالية ومستويات الإمعان للعلاقات اعلاه للحقبة الاولى: -2-5

يػة لموقػع مدينػة بغػداد ضػمف تمػؾ الحقبػة، فمػـ تكػف ذات اىميػة كبيػرة ىننػا لا نجػد ضػمف الموقػع تػأثيرات رمزيػة او بالنسبة الى المسػتويات الدلال
ولحقبات  دلالية للأقواـ الذيف تواجدوا ضمف الموقع، ولا لمحقب الزمنية السابقة، عمى الر ـ مف وقوع ىذا الموقع تحت الحكـ والسيطرة الساسانية

 ربي، مما يدلنا عمى ضعؼ السيطرة الحاكمة عميو، ولكف نره في نفس الوقت انتشار واضح لمديف المسيحي.طويمة سبقت الفتح الع

وبالر ـ مف ذلؾ فقد احتوه موقع بغداد عمى بعض التلاؿ مثؿ تؿ حرمؿ وتؿ حيدر وتؿ محمد وتؿ الشراؾ )في الجػزء الشػرقي مػف نيػر دجمػة( 
جمة(، والتي يمكف اف نستدؿ منيا عمى وجود مواقع اثرية لاتزاؿ قائمة لكنيا  يػر مكتشػفة او  يػر وتؿ خشـ الدورة )في الجزء الغربي مف نير د

 .(3 الشكؿمدروسة مف قبؿ المختصيف والباحثيف، )

 
 

 اً دور مما سبق يتبين ان موقع مدينة بغداد قد احتو  على بعض العلاقات التي اصبحت ميمة ور يسة في تاريخ مدينة بغداد والتي عان ليا 
فــي تحديــد ملامــح وجــعل المدينــة الحضــرم والعمرانــي، يمعــن ان نســتدل بــان فــي ىــذه الحقبــة لا يمعــن اعتبــار ىــذا الموقــع )مدينــة  اً واضــح

متعاملة  وذلك لأسباب ميمة واساسية في تعوين المدينة ومن اىميا: افتقاد الموقع نواه مرعزية اداريـة وسياسـية واضـحة فضـلًا عـن عـدم 
تحدد ملامح المدينة حيث ان الموقع عان عبارة عن عدد من القر  السعنية الصغيرة المنتجـرة علـى الانيـار والقنـوات النيريـة  وجود حافات

والتي عان ليا دور اساسي في نجأت ىذه القر ، وعليو يمعن ان نضع جـدولًا يبـين اىـم العلاقـات الاساسـية التـي تواجـدت فـي الموقـع قبـل 
 بنا  المدينة المدورة.

 تحليل البنى الحضرية والمعمارية لمنطقة بغداد بعد بنا  المدينة المدورة: -3
فػي تغيػر  اً كبيػر  اً ـ وجعميػا عاصػمة لمدولػة العباسػية، كػاف ليػا دور 766 – 762اف انشاء المدينة المدورة مف قبػؿ ابػي جعفػر المنصػور فػي سػنة 

يث اصبح لمموقع مركز مدني وسياسي وعسكر  في اف واحد، فاصبح في ملامح الموقع فضلًا عف انيا تمثؿ اوؿ دليؿ لنشوء كياف حضر ، ح
 .(4 الشكؿالامكاف تسميتيا بمدينة، وىي البداية الاولى لنشوء مدينة بغداد الحالية. )

 

 م634مخطط ٌوضح الحافات الطبٌعٌة والحضرٌة ومستوٌات الامكان لمنطقة بغداد قبل انشاء المدٌنة المدورة سنة ( 3الشكل )

 اعداد واٌضاح الباحث بالاعتماد على اطلس بغداد لأحمد سوسة  
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  العلاقات الاساسية على مستو  المحاور )المسارات  للحقبة الثانية: -3-1

د ظيرت علاقات جديدة مػع احتفػاظ العلاقػات السػابقة بأىميتيػا ضػمف الموقػع، حيػث اف نشػوء بالنسبة الى ىذا المستوه مف العلاقات نجد انو ق
ا، وىذه المدينة المدورة عمى يد الخميفة ابو جعفر المنصور وموقعيا المركز  وكذلؾ بأبوابيا الاربعة ساعد عمى اف تكوف ىنالؾ طرقا مؤدية اليي

 (.5موجودة ضمف الموقع،)الشكؿ الطرؽ تعود بدورىا لترتبط بالمحاور الاخره ال

 –الجسر  – )ىذا في الجزء الشرقي مف نير دجمػة(سوق الثلاثا   –الزندورد  –علواذا ىو الطريؽ الواصؿ بيف: وبقي المحور الرئيسي لمموقع 
)ىػذا فػي الجػزء الغربػي مػف  المحـول –قريـة براثـا  –قريـة العـرخ  –قرية بناورا  –قرية ورثالا  –قرية سال  –سونايا  –سوق بغداد  –قطفتا 

 نير دجمة(، محتفظاً بأىميتو، وقد زادت ىذه الاىمية وازدادت قوتو خصوصاً بعد نشوء العمارة وبشكؿ كبير فػي الجانػب الشػرقي مػف نيػر دجمػة
مػف اىميػة ىػذا المحػور  (، وقػد عػاد وازدادت5)الشػكؿ وفي المناطؽ القريبة مف سوؽ الثلاثاء مما ساعد عمػى تعزيػز العلاقػة الاساسػية لمموقػع، 

 بعد ظيور دار الخلافة في الجانب الشرقي مف نير دجمة مع استمرارية الجانب الغربي )الكرخ( مف نير دجمة.

ائيا، اما المحور الرئيسي الاخر ضمف الموقع يتمثؿ بنفس المحور الذ  كاف موجوداً في منطقة بغداد قبؿ نشوء المدينة المدورة واستمر بعد انش
، ولكػف فػي ىػذه المحـول –قريـة براثـا  –رحا البطريق  –قرية الخطابية  –دير بستان القس  –قرية الجرفانية  –بقرية الوردانية يبػدأ: الذ  و 

ريؽ الحقبة استمر ىذا الطريؽ باتجاه الشرؽ ليعبر نير دجمة في منطقة قرب الكاظمية الحالية ويستمر في الجانب الشرقي الػى حػد التقائػو بػالط
 (.5)الشكؿ  رض المحاذ  لنير دجمة في الجانب الشرقي.المستع

وظيػر اما بالنسبة الى المحاور الاخره المتواجدة في الموقع، فقد ازدادت اىميػة المحػاور المحاذيػة لنيػر دجمػة عمػى الجػانبيف الشػرقي والغربػي، 
الموقع الذ  كانت فيو قرية سونايا والتي اسػتمرت بعػد  بعد ذلؾ محور استمر لاحقا في الزمف يربط الرصافة بالجزء الغربي مف دجمة بجسر في

 (.5)الشكؿ ذلؾ باسـ العتيقة في العصر العباسي. 

 م 1094م الى سنة 766 – 762مخطط ٌوضح موقع بغداد من سنة ( 4الشكل )
 2008اد الباحث بالاعتماد على مخطط د. غادة السلق اعد
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 العلاقات الاساسية على مستو  عقد الفعاليات الانسانية للحقبة الثانية: -3-2
ؽ بغداد في جانب الكرخ وسوؽ الثلاثاء فػي الجانػب بالنسبة الى ىذا المستوه مف العلاقات فأننا نجد اف العقدة التجارية المتمثمة باىسواؽ، كسو 

زادت قوتيػػا فػػي الحقبػػة التػػي تمػػت بنػػاء أالشػرقي مػػف نيػػر دجمػػة، والتػػي كانػػت ذات اىميػػة كبيػػرة فػػي الحقبػػة التػػي سػبقت بنػػاء المدينػػة المػػدورة، قػػد 
نشاء الاسواؽ فييا خارج حدود المدينة المػدورة والتػي جنوب المدينة المدورة( مف اجؿ ا -المدينة المدورة، وقد اختيرت ىذه المنطقة ) رب دجمة 

طويمػة مػف  لفتػرةنمت بعد ذلؾ وازدادت اتسػاعاً شػرقاً و ربػاً واصػبحت مركػز محمػة كبيػرة وىػي الكػرخ والتػي بقيػت المركػز التجػار  لمدينػة بغػداد 
حيـاة مدينـة بغـداد وحتـى اليـوم، وىـي بـذلك اقـدم وعليو نجد ان محلة العرخ التي تأسست من خلال ىذه الاسواق بقيـت قا مـة طيلـة الػزمف، 

 (.6. )الشكؿ منطقة لا تزال قا مة ومسعونة في نفس الوقت منذ عصر ما قبل المدينة المدورة وحتى اليوم ضمن مدينة بغداد

ث جػذبت أعػدادا جديػدة مػف ـ ( عمى تزايد نشاط اىسواؽ داخػؿ وخػارج المدينػة المػدورة، بحيػ1094 -ـ 768لقد ساعد نمو المدينة لمفترة مف ) 
 (.44، ص1958التجار والباعة والمشتريف ، وأنعكس ذلؾ عمى زيادة عدد الدكاكيف وتنوع ما يعرض فييا. ) جواد وسوسة ،

يػور ظاما بالنسبة الى العقدة الثانية والمتمثمة بالزراعة فقػد اسػتمرت ونجػد انيػا كانػت ذات اىميػة اقػؿ ضػمف ىػذه الحقبػة، بسػبب النمػو المػدني و 
مػدورة الفعاليات الحضػرية، ولكنيػا ازدادت اتسػاعاً خػارج المواقػع التػي ازدادت فييػا الكثافػة السػكانية، حيػث تمركػزت بشػكؿ كبيػرة حػوؿ المدينػة ال

 وكذلؾ في الجانب الشرقي مف نير دجمة المسمى بالرصافة.

ث انتشػػرت القػره والمسػتوطنات السػكنية عمػى ضػفاؼ الانيػػار وفضػلًا عػف ىػذا كمػو ظمػت فعاليػة السػػكف ىػي الفعاليػة الاساسػية فػي الموقػع، حيػ
  والقنػػوات المائيػػة، فضػػلًا عػػف قربيػػا مػػف المدينػػة المػػدورة التػػي اصػػبحت المركػػز الاساسػػي لممدينػػة، والتػػي كانػػت تمثػػؿ المركػػز السياسػػي والادار 

 (.6)الشكؿ والديني لممنطقة ككؿ، حتى بناء المسجد في الكرخ وظيوره كمركز ديني لتمؾ المحمة. 

موقعيػا اما الرصافة فنستطيع اف نراىا محمة ليا كيانيا بوجود جامع يمثؿ المركز الديني وقصر لابف الخميفة يمثؿ مركزاً مدنياً فضػلًا عػف كػوف 
 الجغرافي يتمتع ببنية فيزياوية منفصمة عف المدينة المدورة وما جاورىا مف خلاؿ نير دجمة.

ء المدينػػة المػػدورة عقػػد فعاليػػة انسػػانية اخػػره ميمػػة وىػػي الفعاليػػة السياسػػية، فبتأسػػيس المدينػػة المػػدورة التػػي ظيػػرت فػػي الحقبػػة التػػي تمػػت انشػػا
ة اصبحت عاصمة لمخلافة العباسية ظيرت الفعالية السياسية، مع ما يػرتبط بيػا مػف فعاليػات اداريػة وخدميػة ودفاعيػة، وقػد اسػتمرت ىػذه الفعاليػ

 مة، وفي ا مب العصور ضـ ىذه الموقع مدينة كبره كانت عاصمة لمدولة الكبيرة.السياسية عبر الزمف ولحقبات طوي

 م766مخطط ٌوضح المسارات لمنطقة بغداد بعد انشاء المدٌنة المدورة سنة ( 5الشكل )

 اعداد واٌضاح الباحث بالاعتماد على اطلس بغداد لاحمد سوسة  
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 العلاقات الاساسية للحافات )الطبيعية والحضرية  للحقبة الثانية: -3-3
فيمػػا يخػػص العلاقػػات الاساسػػية عمػػى مسػػتوه الحافػػات وخصوصػػاً الحافػػات الحضػػرية فقػػد حصػػؿ تغيػػر عػػف الحقبػػة السػػابقة وىػػي بنػػاء المدينػػة 
ؿ المدورة مف قبؿ ابو جعفر المنصور واحاطتيا بػثلاث اسػوار دائريػة فضػلًا عػف خنػدؽ مػائي يحػيط بالمدينػة، وبالتػالي فػاف ىػذه الاسػوار تعػد او 

 حافات حضرية احاطت بمركز الحكـ والمركز الادار  والسياسي، والذ  اصبح بعد ذلؾ مركز لمدينة بغداد ككؿ.

مف ىذه الحقبة وكما تـ توضيحيا في المخططات التي تـ وضػعيا مػف قبػؿ المػؤرخيف والبػاحثيف لػـ تتغيػر، اما عمى مستوه الحافات الطبيعة ض
ميمػػاً  ا  اف طبيعػػة الموقػػع الجغرافيػػة والطبو رافيػػة لػػـ تتغيػػر كثيػػراً، فالعلاقػػات الطبيعػػة الاساسػػية بقيػػت عمػػى حاليػػا، ولكػػف اصػػبح ىنالػػؾ تعزيػػزاً 

 لمعلاقات الاساسية ليذه الحافات.

منصػور بالنسبة لنير دجمة الذ  يعتبر الحافة الاساسية ضمف الموقع ككؿ وعمى الر ـ مف اف المدينة المدورة التي انشاءىا الخميفة ابو جعفر ال
لـ يتـ توقيعيا عمى نير دجمة، الا اف ا مب واىـ القصور التي بنيػت فػي تمػؾ الحقبػة  تػـ انشػأىا عمػى ضػفاؼ نيػر دجمػة وخاصػة فػي المنطقػة 

د مصب نير الصراة في دجمة، حيث اقػيـ قصػر الخمػد وقصػر عيسػى وقصػر القػرار وكػذلؾ قصػر الحسػني عمػى الضػفة الشػرقية لمنيػر وفػي عن
الجنػػوب مػػف سػػوؽ الثلاثػػاء، فضػػلًا عػػف ىػػذا فمػػـ تتغيػػر اىميػػة ىػػذه الحافػػة الاساسػػية )نيػػر دجمػػة( مػػف حيػػث اسػػتخدامو ى ػػراض الزراعػػة والػػر  

 .(7 الشكؿير . )وكذلؾ ى راض التنقؿ الن

الرفيؿ  اما بالنسبة الى الانيار والقنوات المائية الاخره والتي شكمت الحافة اساسية ايضا ولكف بأىمية اقؿ مف نير دجمة مثؿ نير الصراة ونير
قػػؿ النيػػر ، وقػػد الػػذ  اصػػبح يعػػرؼ باسػػـ نيػػر عيسػػى، فقػػد بقيػػت اىميػػة ىػػذه القنػػوات المائيػػة مػػف حيػػث اىميتيػػا فػػي الػػر  والزراعػػة وكػػذلؾ التن

 ازدادت مف اىميتيا حيث اقيـ عمييا عدد مف الاسواؽ ضمف القره والمستوطنات المبنية عمى ضفاؼ ىذه القنوات.

تػػو ىػػذه الحافػػات الطبيعػػة الاساسػػية منيػػا والثانويػػة  زادت مػػف اىميػػة الموقػػع الػػذ  جػػره اختيػػاره مػػف قبػػؿ الخميفػػة ابػػو جعفػػر المنصػػور لبنػػاء مدين
وفرت امكانيات كبيرة بما يتعمؽ بأ راض الر  والزراعة وكذلؾ كوسيمة نقؿ مائية، فضلًا عف ذلؾ فاف ىػذه الحافػات الطبيعيػة قػد المدورة، حيث 

ي اخػر وفرت حماية دفاعية اضافية لممدينة المدورة والتي قد تـ تعزيز ىذه العلاقة الجديدة بحفػر الخنػدؽ المحػيط بالمدينػة المػدورة وخنػدؽ اضػاف
 .(7 الشكؿالغربية لممدينة. )مف الجية 

 الترابطات او التدرج اليرمي للعلاقات: -3-4
اىـ علاقة في ىذا المستوه مف العلاقات التي تواجدت ضمف الموقع ىي مف خلاؿ مركزية موقع المدينة المدورة والذ  يعتبػر اوؿ مركػز مػدني 

ىذا عمى نشػوء بقيػة اجػزاء المدينػة مػف اسػواؽ وسػكف ساعد  و .لمموقع اً ومركزي اً اساسي اً واضح في تاريخ بغداد، حيث اصبحت ىذه المدينة جزء
 و يرىا مف الفعاليات وتجمعيا بشكؿ رئيسي حوؿ ىذه النواة المركزية.

 م776شاء المدٌنة المدورة سنة مخطط ٌوضح عقد الفعالٌات الانسانٌة واسماء منطقة بغداد بعد ان( 6الشكل )

 اعداد واٌضاح الباحث بالاعتماد على اطلس بغداد لأحمد سوسة  
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مػػر واف ىػػذه المركزيػػة القويػػة التػػي تمثمػػت بالمدينػػة المػػدورة التػػي بناىػػا الخميفػػة ابػػو جعفػػر المنصػػور، قػػد بػػدأت تفقػػد قوتيػػا بعػػض الشػػي نتيجػػة ى
ميفة بأنشاء الاسواؽ خػارج حػدود المدينػة واسػوارىا ممػا سػاعد ىػذا الشػي عمػى نمػو الجانػب الغربػي مػف نيػر دجمػة )الكػرخ( بشػكؿ كبيػر، ىػذا الخ

فضلًا عف اف ىذه المركزية فقدت قوتيا وبشكؿ اكبر بعد نشوء الجانػب الشػرقي مػف نيػر دجمػة )الرصػافة( والػذ  كػاف مخصصػاً لنػزوؿ الجػيش 
ر، الا انو بدأ بعد ذلؾ يأخذ اىميتو ضمف الموقع وكجزء اساسي ورئيسي في موقػع بغػداد، وعميػو فػاف التػدرج اليرمػي لموقػع بغػداد في بداية الام

القريػب في ىذه الحقبة  كاف يبدأ طبعا بالمدينة المدورة  وما احاطيا والذ   مب اسـ بغداد عمييما معا، ثـ يمييػا الجانػب الغربػي مػف نيػر دجمػة 
 .(7 الشكؿ) نة المدورة )الكرخ(، ثـ بعد ذلؾ يأتي مف حيث الاىمية الجانب الشرقي مف النير )الرصافة(.مف المدي

عػد اف ىذا التدرج كاف ىو الاساسي في الموقع ضمف ىذه الحقبة والذ  استمر عمى حالو تقريباً حتى نياية حكـ الخميفػة المػأموف، حيػث انتقػؿ ب
ورة الى الجانب الشرقي مف نير دجمة القريب مف موقع سوؽ الثلاثػاء، حيػث اصػبح التػدرج بعػد ىػذا الانتقػاؿ ذلؾ مركز الخلافة مف المدينة المد

في السمطة يبػدأ بمركػز الخلافػة فػي الجانػب الشػرقي مػف نيػر دجمػة ثػـ يميػو بعػد ذلػؾ الجانػب الغربػي مػف نيػر دجمػة )الكػرخ( الػذ  بقػي محػتفظ 
و، ثـ بعد ذلؾ يأتي دور )الرصافة( في الجانب الشػرقي مػف نيػر دجمػة حيػث انيػا بػدأت بػالنمو والتطػور بأىميتو التجارية بسبب كثرة الاسواؽ في

ب فػي العمراني، ثـ يأتي اخيراً دور المدينة المدورة التػي انشػأىا ابػو جعفػر المنصػور، حيػث انيػا فقػدت الكثيػر مػف قوتيػا وتػداعت اىميتيػا والسػب
سامراء وحتى بعد عودة السمطة الى بغداد فاف الخميفػة لػـ يعػد الػى المدينػة المػدورة بػؿ اصػبح دار الخلافػة ذلؾ انتقاؿ السمطة منيا وتحوليا الى 

 .(7 الشكؿ) ىو مركز السمطة، حيث ساعد ىذا كمو بانتياء المدينة المدورة واصبحت جزءاً مف الكرخ.

 
 
 
 
 نية:المستويات الدلالية ومستويات الإمعان للعلاقات اعلاه للحقبة الثا -3-5

ة كبيػرة، بالنسبة الى ىذا المستوه مف العلاقات فاف لمدلالة والرمزية اىمية كبيرة في ىذه الحقبة، حيث نجد اف لممؤثرات ذات البعد الرمػز  اىميػ
رة وكذلؾ في اسماء ىػذه المدينػة، حيػث اف الخميفػة ابػو جعفػر المنصػور اسػتعاف حيث تدخؿ ىذه المؤثرات في قرار اختيار موضع المدينة المدو 

المدينػة بالمنجميف في اختيار تاريخ البناء مما يدؿ عمى الاىميػة الرمزيػة فػي بنػاء المدينػة المػدورة، وكػذلؾ تظيػر المسػتويات الدلاليػة فػي اسػماء 
اه لاسـ نير دجمة الذ  كاف يدعى بيذا الاسـ، ونجد ىػذا حتػى فػي اسػماء القصػور التػي المدورة مثؿ دار السلاـ او مدينة السلاـ تيمناً او محاك

 بناىا الخمفاء في تمؾ الحقبة مثؿ قصر الخمد حيث جاء الاسـ تيمناً بجنات الخمد ا  الامور ذات الدلالات الرمزية القوية.

عفر المنصور وما يمثمو المركز بالنسبة لمخلافة، وقصر باب الذىب، احتؿ ولا تخفى رمزية الشكؿ الدائر  )المركزية( الذ  اختاره الخميفة ابو ج
ذه الرمزيػة مركز المدينة ومتنافساً بذلؾ مع الجامع، مما يدؿ عمى تزايد القيـ المدنية عمى القيـ الدينية، فضلًا عف ىذا فأننا نجد تجمػي واضػح ليػ

ؾ تظير دلالات تأكيد سمطة الخلافة وىيبتيا في العقد المعمارية التػي تميػزت بكبرىػا في فخامة القصور التي تـ بنائيا وفي  نى مفرداتيا، وكذل
 وفخامتيا مثؿ ضخامة الاسوار وتأكيد تحصينيا.

 م813مخطط ٌوضح الحافات الطبٌعٌة والحضرٌة والتدرج الهرمً لمنطقة بغداد بعد انشاء المدٌنة المدورة سنة ( 7الشكل )

 اعداد واٌضاح الباحث بالاعتماد على اطلس بغداد لاحمد سوسة  
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لمنصػور اما بالنسبة الى مستويات الامكاف في ىذه الحقبة مػف تػاريخ مدينػة بغػداد فػيمكف اف تعػد المدينػة المػدورة التػي بناىػا الخميفػة ابػو جعفػر ا
مميا مف اىـ الامكانات التي تواجدت في ىذا الموقع وعمى مد العصور، ولذلؾ يأتي مف اىميتيػا كػأوؿ مركػز مػدني، سياسػي، ادار ، ضػمف بأك

 .(8 الشكؿ) الموقع، ىذا فضلًا عف شكميا المميز واليندسي الذ  زاد مف اىميتيا كمركز لمخلافة.

 
 
 

موقع وضمف ىذه الحقبة بعض الابنية التي يمكف اف تعد مف مستويات الامكاف المتمثمػة بالقصػور فضلًا عف المدينة المدورة، فقد تواجدت في ال
التػػي انتشػػرت ضػػمف الموقػػع فػػي تمػػؾ الحقبػػة. واىػػـ ىػػذا القصػػور )قصػػر بػػاب الػػذىب، قصػػر الخمػػد، قصػػر عيسػػى، قصػػر القػػرار، و يرىػػا مػػف 

 .(8 الشكؿالحضر . ) القصور( التي كاف ليا دور اساسي وواضح في تحديد شكؿ المدينة

مما سبق يتبين ان في ىذه الحقبة من تاريخ مدينة بغداد قد احتو  الموقع على بعض العقد الميمة والاساسية والتي عان ليا دور اساسي 
  في تحديد ملامح وخصا   المدينة، ويمعن ان تعـد ىـذه الحقبـة ىـي الحقبـة الاولـى التـي جـيدت ظيـور اول اجـعال المدينـة حيـث احتـو 

 الموقع على جز  مدني، سياسي، ادارم، مرعزم والذم تمثل بالمدينة المدورة التي بنيا الخليفة ابو جعفر المنصور والتي عانت مرعز للحعم
 والخلافة، فضلًا عن ىذا المرعز فقد احتو  الموقع على السعن والمتمثل بـالقر  السـعنية المنتجـرة حـول المدينـة المـدورة والقـرب مـن العقـد

 .خر  مثل نير دجلة وبقية قنوات وانيار المنطقة والتي عان ليا دور اساسي في نجأت ىذه القر الا
الرصافة  مثلت النجو  التاريخي  –العرخ  –في ىذه الحقبة من تاريخ المدينة يمعن تسمية محلاتيا الثلاث )المدينة المدورة مع ما يحيطيا 

حـدود ىـذه المحـلات فيزياويـاً والتـي عانـت عاصـمة لإمبراطوريـة عبـر  سـعن فييـا وقصـدىا والتي امتدت عن  Metropolisللمدينة العبر  
افيـة اناس من قوميات متعددة واديان ومذاىب عدة، وبدأت فييا الفعالية الثقافية والعلمية تأخذ مساراً را داً فتأسسـت اليويـة الحضـرية والثق

 ليا والتي استمرت عبر حقب عدة.
 
 ة والمعمارية لمدينة بغداد الجرقية والغربية المسورة:تحليل البنى الحضري -4

يػا اف سبب اختيار ىذه الحقبة مف تاريخ مدينة بغداد بكونيا تمثػؿ اكتمػاؿ انشػاء المدينػة عمػى الجػانبيف الشػرقي والغربػي مػف نيػر دجمػة واضػح ل
فػي الجػزء الشػرقي مػف نيػر دجمػة، فضػلًا عػف ذلػؾ فػاف  كيانيا الفيزياو  الخاص، وكذلؾ ظيور منطقتي الكاظمية في الجزء الغربي والاعظميػة

ـ وتنتيػي بيػدـ السػور 1094سنة، والتي تبدأ مف انشاء السػور عػاـ  1000طوؿ الحقبة الزمنية التي استمرت عمييا ىذا المدينة التي يقارب اؿ 
 (.9)الشكؿ  في تاريخ مدينة بغداد. جعميا فترة  نية باىحداث بالبنى الحضرية والمعمارية الميمة والمتميزةـ، مما 1869عاـ 

 م833مخطط ٌوضح مستوٌات الامكان لمنطقة بغداد بعد انشاء المدٌنة المدورة سنة ( 8الشكل )

 اعداد واٌضاح الباحث بالاعتماد على اطلس بغداد لاحمد سوسة  
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  :المحاور )المسارات  للحقبة الثالثة على مستو  العلاقات الاساسية -4-1
بالنسبة الى المسارات في ىػذه الحقبػة مػف تػاريخ بغػداد يمكػف اف تحػدد بالمسػارات التػي تواجػدت داخػؿ الاسػوار وكػذلؾ داخػؿ منطقتػي الكاظميػة 

التػي كانػػت تػربط بػيف ىػذه المنػاطؽ وبػػيف جػانبي نيػر دجمػة، وكػذلؾ المسػػارات التػي كانػت تػربط مدينػة بغػػداد والاعظميػة، فضػلًا عػف المسػارات 
 بالمدف المجاورة.

 –القلعة، الباب الوسطاني  –الباب الوسطاني ففي جانب الرصافة تواجدت عدد مف المحاور التاريخية داخؿ الاسوار وىذه المحاور )
(. اما جانب الكرخ فقد كانت المحاور قميمة ومنتشرة بيف جارع المستنصر –الميدان، والميدان  –، العيلاني السنك –الاسواق، باب الطلسم 

يمتد عمى طوؿ منطقة الكرخ وبمحاذاة نير دجمة والذ  يواز  شارع حيفا في الوقت الحاضر  اً واضح اً واحد اً الازقة السكنية ولكف يوجد مسار 
 .(10 الشكؿجانب الرصافة عبر نير دجمة. )لاليرتبط  المساروكذلؾ يمتد ىذا 

 
 
 

 –ســوق بغــداد  –قطفتـا  –الجســر  – )ىػذا فػػي الجػزء الشػرقي مػػف نيػر دجمػة(سـوق الثلاثــا   –الزنــدورد  –علـواذا الطريػؽ الواصػػؿ بػيف:  امػا
جزء الغربي مف نير دجمة(، والذ  كاف ىو )ىذا في ال المحول –قرية براثا  –قرية العرخ  –قرية بناورا  –قرية ورثالا  –قرية سال  –سونايا 

 م 1869م الى سنة 1094مخطط ٌوضح موقع بغداد من سنة ( 9الشكل )
 سةاعداد الباحث بالاعتماد على مخطط مصطفى جواد واحمد سو

 

 ( المحاور التارٌخٌة فً جانبً الرصافة والكرخ10الشكل )

 اعداد واٌضاح الباحث بالاعتماد على مخطط بغداد لمصطفى جواد واحمد سوسة

 



Journal of Engineering Volume    20    December -    2014 Number  12 
 

 

12 

 

نيػر المحور الرئيسي في الموقع، فقد بقي عمى حالة ولكف اىميتو بدأت تقؿ بالنسبة الػى الموقػع كػوف المنػاطؽ السػكنية بػدأت بالانحسػار باتجػاه 
 .(11 الشكؿاد والمدف المجاورة. )دجمة، مما اضعؼ مف اىمية ىذا المسار وبقاء استعمالو كأحد الطرؽ الرئيسية لمربط بيف مدينة بغد

اما في منطقة الكاظمية عمى الجانب الغربي مف نير دجمة وكذلؾ منطقة الاعظمية عمى الجانب الشرقي مف النير فقد كانػت المسػارات داخميػة 
ابػػي حنيفػػة فػػي منطقػػة  منتشػػرة بػػيف الازقػػة السػػكنية ومتمحػػورة بشػػكؿ رئيسػػي حػػوؿ ضػػريحي الامػػاـ موسػػى الكػػاظـ فػػي الكاظميػػة ومرقػػد الامػػاـ

الاعظمية، فضػلًا عػف وجػود مسػارات اخػره تػربط منطقتػي الكاظميػة والاعظميػة عبػر نيػر دجمػة، واخػره تػربط منطقػة الكاظميػة بمنطقػة الكػرخ 
 .(11 الشكؿبمسار محاذ  لنير دجمة وكذلؾ مسارات تربط منطقة الاعظمية بمنطقة الرصافة بسمار محاذ  لمنير ايضاً. )

 
 

مية المسار الرابط بيف ضفتي النير قد ازدادت مع ازدياد تكاثؼ البناء عمى جانبي النير حيػث بقػي النيػر المحػور الطبيعػي ومػورد الحيػاة اف اى
ى وطرؽ المواصلات. وعميو فػاف المحػور الػرابط بػيف الضػفتيف قػد ازداد اىميػة، ويقػوـ اليػوـ بموقػع جسػر الاحػرار. كمػا اف اسػتمرارية المحػور الػ

ب مػػف الكػػرخ وصػػولًا الػػى منطقػػة العػػلاو  والتػػي تؤشػػر المحػػور التػػاريخي، اف البوابػػة الرئيسػػية لمسػػور الغربػػي كانػػت تقػػع فػػي ىػػذه المنطقػػة الجنػػو 
وعميػو تعػرؼ اىميػة  –وكذلؾ موقع توقؼ قوافؿ المسافريف بيف الحمة الى بغداد، اذ كانت الحمة ىي الموقع الذ  يتوقؼ فيػو الراحمػة فػي الفػرات 

 محور الرابط بيف طرفي المدينة وبنفس الوقت الرابط بالمواصلات مع خارج المدينة مع جنوب العراؽ وشرقو.ىذا ال
( في الثمانيات مف القرف العشػريف لمنطقػة الرصػافة المحػاور التاريخيػة، وىػذه المحػاور داخػؿ J.C.C.Pويوضح المخطط الذ  وضعتو دراسة )

لرابطػػة بػػيف البوابػػات وضػػفتي النيػػر، فضػػلًا عػػف المسػػار المػػواز  لمنيػػر وكمػػا سػػبؽ القػػوؿ، فػػاف ىػػذه المدينػػة المسػػورة تظيػػر بوضػػوح المسػػارات ا
 .(12 الشكؿالمحاور تظير المسارات في نياية الحقبة العثمانية وعدـ وجود تأشير لموقع دار الخلافة يوضح حقبتيا التاريخية المحددة. )

 
 

 

 م 1519مخطط ٌوضح المسارات وعقد الفعالٌات الانسانٌة فً منطقة بغداد بعد نشوء السور الشرقً سنة ( 11الشكل )

 تماد على اطلس بغداد لاحمد سوسة اعداد واٌضاح الباحث بالاع

 

 ( فً الثمانٌنات الذي ٌوضح المحاور التارٌخٌة لمنطقة الرصافةJ.C.C.P( المخطط الذي وضعته دراسة )12الشكل )
 (J.C.C.Pالمصدر: دراسة )
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 ات الانسانية للحقبة الثالثة:الفعالي عقد على مستو  العلاقات الاساسية -4-2
الحقبػة، اما بالنسبة الى العقد التي كانت موجودة في الحقبات السابقة والمتمثمة  باىسواؽ التجارية، فقػد اسػتمرت وبشػكؿ كبيػرة ومتميػز فػي ىػذه 

ا فػي مراحػؿ لاحقػة ضػمف ىػذه واستمر نمو الاسواؽ في مواقع كانت قائمػة بيػا، وامتػدت الػى منػاطؽ اخػره حػوؿ دار الخلافػة وازداد تخصصػي
 الحقبة مف تاريخ المدينػة ـ واىميػا سػوؽ دعيػت بسػوؽ الريحػانييف، دامػت عبػر الػزمف لتبمػور حوليػا منطقػة الشػورجة الحاليػة الواقعػة قػرب جػامع

، وكػذلؾ سػوؽ الصػفاريف وسػوؽ الدىانػة فػي الجانػب الشػر  قي مػف بغػداد، امػا فػي الخمفاء ـ وىي احػده  اىػـ المراكػز التجاريػة لبغػداد حتػى اليػوـ
 .منطقة ىما سوؽ الحداديف وسوؽ عيسىاليناؾ سوقيف رئيسييف في الجانب الغربي مف بغداد ف

لقد بدأت عمارة الاسواؽ في ىػذه الحقبػة بالوضػوح فػي مسػارات طوليػة ليسػت بالضػرورة مسػتقيمة، تتقػاطع معيػا مسػارات معترضػة مكممػة، كػاف 
ة الوسػػط مػػف الاعمػػى وبشػػكؿ مسػػتمر عبػػر محوريػػة السػػوؽ، وىكػػذا كػػاف وضػػع سػػوؽ الشػػورجة حتػػى مطمػػع المسػػار الرئيسػػي مسػػقفاً بقبػػاب مفتوحػػ

و القرف العشريف، ولا يزاؿ واحد فقط مف اسواؽ بغداد يحمؿ ىذه الخواص العمرانية وىػو سػوؽ السػراجيف المػواز  لسػوؽ السػرا  والػذ  يفػتح عميػ
 باب جامع الوزير.

ئمػػة الػػى اليػػوـ كبنػػى واضػػحة فػػي بغػػداد واف زاؿ اسػػموب تسػػقيفيا الاوؿ الا اف التسػػقيؼ اسػػتمر بأسػػاليب اخػػره ولا تػػزاؿ محػػاور ىػػذه الاسػػواؽ قا
 خلاؿ القرف العشريف، ومف اىميا اسواؽ باب الا ا واسواؽ الشورجة كما سبؽ ذكره واسواؽ منطقة الصدرية والسيد سمطاف عمي.

ىي فعالية السكف، فقد استمرت عمى ماىي عميو مػف الاىميػة ولكػف بشػكؿ بػدأ بالانحسػار باتجػاه اما بالنسبة الى الفعالية الاىـ في الموقع والتي 
 نير دجمة وداخؿ الاسوار بشكؿ رئيسي فضلًا عف تجمع السكف في منطقتي الاعظمية والكاظمية حوؿ المراقد )جامع الاماـ ابو حنيفػة النعمػاف

ومرقػػد الامػػاـ الكػػاظـ )عميػػو السػػلاـ( فػػي منطقػػة الكاظميػػة فػػي الجػػزء الغربػػي مػػف نيػػر  فػػي منطقػػة الاعظميػػة فػػي الجػػزء الشػػرقي مػػف نيػػر دجمػػة،
 .(11 الشكؿدجمة(. )

مػف اف كؿ ما تبقى مف النسيج التاريخي )التراثي( في مدينة بغداد يعود ليذه المنطقة داخؿ الاسوار فػي الرصػافة والكػرخ، وقػد خػرب جػزء كبيػر 
تخطيطيا قائما عمى عضوية ذلؾ النسيج بأزقتو وتضػاـ بنيانػو واف كانػت قػد تػداخمت معيػا شػوارع عريضػة ىذا النسيج، ولا تزاؿ ىناؾ قطاعات 

ولػف نتطػرؽ ىنػا الػى خػواص النسػيج السػكني التراثػي بتكامػؿ تكوينػو  –فتحت في القرف العشريف وىدمت اجزاء منو وبنيت محميا ابنيػة معاصػرة 
 في وعمى مده مئات مف السنيف والتي تعود الى الحقبة العباسية المتوسطة.الوظيفي السكني الاجتماعي، المناخي، والثقا

ؿ وىػػذا النسػػيج ىػػو مػػف البنػػى العميقػػة الرئيسػػية عمػػى مسػػتوه الفعاليػػة السػػكنية وكػػذلؾ عمػػى المسػػتوه الفيزيػػاو  العمرانػػي الاساسػػي لعلاقػػات الكتػػ
 والفضاءات في المدينة.

السابقة، اصبحت ىذه العقدة ربما  ير واضحة او  ير معرفة بشكؿ كبير كمػا فػي السػابؽ  الحقب تي كانت متميزة وواضحة فيالعقدة الزراعة 
 حيث لـ يأت عمى ذكرىا احد مف المؤرخيف او الباحثيف او تحديد الاماكف التي استخدمت لمزراعة ضػمف المنطقػة، بػؿ اكتفػوا بػذكر اف المنػاطؽ

 قد استخدمت لمزراعة.التي تقع خارج اسوار المدينة الشرقية والغربية 

 العلاقات الاساسية للحافات )الطبيعية والحضرية  للحقبة الثالثة: -4-3
فػػػي جغرافيتيػػػا وطوبو رافيتيػػا، حيػػػث انيػػا لػػػـ تسػػتمر عمػػػى مػػا كانػػػت عميػػػو،  اً عػػػاـ مػػف تػػػاريخ مدينػػة بغػػػداد شػػيدت المنطقػػػة تغيػػر  1000طػػواؿ 

حاطة المدينة بأسوار ضخمة تحتو  عمى عدد مف الابواب والتي كانت مكونة شيدت ىذه الحقبة ا التيوخصوصاً مف ناحية الحافات الحضرية 
مف جزئييف، جزء يقػع عمػى الجانػب الشػرقي مػف نيػر دجمػة والػذ  احػاط بالمنطقػة المركزيػة ومكػاف الحكػـ فضػلًا عػف احاطتػو لممنػاطؽ السػكنية 

ية الغربية مف نير دجمة وقد احاط بالمناطؽ السكنية والتي تعتبر اقدـ الواقعة ضمنة وكذلؾ الاسواؽ و يرىا، اما الجزء الثاني فيو يقع عمى الج
 .(12 الشكؿ) مناطؽ السكف ضمف مدينة بغداد، فضلًا عف الاسواؽ التي تواجدت في تمؾ الحقبة.

، مثػؿ ضػريح وقد نمت مناطؽ اخره خػارج حػدود الاسػوار وىػي عمػى جػانبي نيػر دجمػة، و نشػأت ىػذه المنػاطؽ بسػبب وجػود الاضػرحة الدينيػة
 الاماـ موسػى الكػاظـ عميػو السػلاـ والػذ  كػاف فػي الجػزء الغربػي مػف نيػر دجمػة )منطقػة الكاظميػة حاليػاً(، امػا الضػريح الثػاني والػذ  كػاف عمػى

 . وكما اتينا عمى ذكرىا سابقاً.(12 الشكؿ) الجانب الشرقي مف نير دجمة فيو ضريح ابى حنيفة النعماف )منطقة الاعظمية حالياً(.

نيػر  بالنسبة الى الحافات الطبيعة التي كانت متواجدة في حقبات سابقة، فأىـ الحافات الطبيعية في ىذه الحقبة وكذلؾ في الحقبػات السػابقة ىػو
قي ر دجمة الذ  يعتبر النير الرئيسي في المنطقة والتي نمت عمى جانبيو الشرقي والغربي مدينة بغداد في مختمؼ ادوارىا، فضلًا عػف الجػزء الشػ

 نير دجمة. جانبيوالغربي المسور مف مدينة بغداد والذ  كانت عمى 
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امػػا بالنسػػبة الػػى بقيػػة الانيػػار والقنػػوات التػػي تواجػػدت فػػي المنطقػػة وفػػي حقبػػات سػػابقة فقػػد اختفػػت او لػػـ تعػػد ذات اىميػػة لممنطقػػة، حيػػث اف 
فػػي تمػػؾ الحقبػة لػػـ يػػأتوا عمػػى ذكػر ىػػذه الانيػػار مثػػؿ )نيػػر  المخططػات التاريخيػػة التػػي وردت مػػف قبػؿ المػػؤرخيف والبػػاحثيف فػػي وصػؼ المنطقػػة

 الشػكؿنيػا لػـ تعػد نقطػة تجػذب النػاس ىنشػاء القػره والمسػتوطنات عمػى جوانبيػا. )لاالصراة ونير الرفيػؿ(، امػا بسػبب اختفائيػا مػف المنطقػة او 
12). 

 
 
 

خ مدينػة بغػداد، ا  قبػؿ نشػوء المدينػة المػدورة الػى يومنػا ىػذا، كعقػدة وعمية فاف نير دجمة ىػو الحافػة الطبيعػة الوحيػدة التػي اسػتمرت طػواؿ تػاري
 .(13 الشكؿحيوية ميمة في حياة مدينة بغداد، واحد الاسباب الرئيسية في انشائيا. )

 
 
 
 
 
 

 م1519مخطط ٌوضح الحافات الطبٌعٌة والحضرٌة فً منطقة بغداد بعد نشوء السور الشرقً سنة ( 12الشكل )

 اعداد واٌضاح الباحث بالاعتماد على اطلس بغداد لاحمد سوسة 

 

 .( نير دجمة )الحافة الطبيعية الرئيسية لمدينة بغداد(13الشكؿ )
 (www.iraker.dkعف )الانترنت 
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 الترابطات او التدرج اليرمي للعلاقات للحقبة الثالثة: -4-4
فقد انحسر التجمػع السػكاني فػي اربػع منػاطؽ واضػحة ورئيسػية ضػمف المنطقػة ككػؿ،  بالنسبة الى التدرج اليرمي في تمؾ الحقبة مف تاريخ بغداد

حيث يظير ذلؾ واضحاً في المخططات التي وردت مف قبؿ المؤرخيف والباحثيف، وىي متمركزة في منطقتي الرصػافة المسػورة والاعظميػة عمػى 
 لجانب الغربي مف نير دجمة.الجانب الشرقي مف نير دجمة، وكذلؾ في منطقتي الكرخ والكاظمية عمى ا

د فضلًا عف وجود تدرج في الكثافة والارتفاعات كمما ازداد الاقتراب مف مركػز المنطقػة، كمػا فػي منطقػة الكاظميػة ومنطقػة الاعظميػة حيػث تػزدا
الحػػاؿ فػػي منطقتػػي الرصػػافة  الكثافػػة السػػكانية والبنائيػػة كممػػا ازداد الاقتػػراب مػػف ضػػريح الامػػاـ موسػػى الكػػاظـ ومرقػػد الامػػاـ ابػػي حنيفػػة، وكػػذلؾ

عمى وجود والكرخ حيث تزداد ىذه الكثافة باتجاه المساجد والكنائس والاديرة وكذلؾ الحاؿ باتجاه الاسواؽ، وعميو فاف ىذا التدرج اعتمد باىساس 
اـ اليػومي كاىسػواؽ والجوامػع(، نواة مركزية )سواء كانت مركزية مف حيث الوظيفة او مػف ناحيػة الحجػـ والارتفػاع، او حتػى مػف ناحيػة الاسػتخد

وجودىػا وتنتشر حوؿ ىذه النواة المركزية بقية مكونات المدينة او المنطقة فضلا عف ارتباطيا بالمناطؽ المجاورة لتوفير الاحتياجات التػي تعػذر 
 في ىذه المناطؽ. 

  ىػػو مجمػػع لقصػػور الخمفػػاء الػػى القمعػػة فػػي القػػرف وقػػد اصػػبح ىنػػاؾ تػػدرج وانتقػػاؿ فػػي مركػػز الحكػػـ، حيػػث انتقػػؿ المركػػز مػػف دار الخلاقػػة الػػذ
السادس عشر واعتبارىا المركز العسكر  الرئيسي، وقد استمر فػي نفػس الحقبػة اسػتخداـ القصػر العباسػي كمركػز عسػكر  ومركػز مػدني ضػمف 

 ابنية القمعة، ثـ دار الوالي، ثـ ظيور القشمة والتي اصبحت مركزا لمجيش ومركزا مدنياً.

ىمية دار الخلافػة بكونيػا مركػزاً حضػرياً قػد انتيػت مػع نيايػة الحقبػة )نيايػة الاحػتلاؿ العثمػاني(، وبػذلؾ نؤشػر انتقػالا لموقػع المركػز وعميو فاف ا
السياسػي الحضػػر  الػى الشػػماؿ منيػا وعمػػى امتػداد دجمػػة مػع ابنيػػة المدرسػة الرشػػدية )ابنيػة المحػػاكـ فػي منتصػػؼ القػرف العشػػريف ومنتػده بغػػداد 

ـ مبنى القشمة الذ  بني في منتصؼ القرف التاسع عشػر مػروراً بالسػرا  وىػو المركػز الحكػومي الرئيسػي الػذ  بػدأ بنػاؤه مػع بػدء الحكػـ حالياً(، ث
ميػداف العثماني في القرف السادس عشر ثـ دار الوالي، وصولًا الى المدرسة العمية ثـ ابنية القمعة، وكانت تجػاور ىػذا المجمػع الحكػومي سػاحة ال

 عدت العقدة الفضائية الرئيسية لممدينة في نياية الحقبة العثمانية.والتي 

 المستويات الدلالية ومستويات الإمعان للعلاقات اعلاه للحقبة الثالثة:  -4-5
اف  اف المسػتويات الدلاليػة والرمزيػة فػي ىػذه الحقبػة مػف تػاريخ مدينػة بغػداد، ربمػا لػـ تكػف بالوضػوح الػذ  كانػت عميػة فػي الحقبػة السػابقة، حيػػث
مػا تكويف المدينة جاء نتيجة تتابعية لتحولات ظيرت عمى مدينة بغػداد ككػؿ، ومػع ذلػؾ فػاف ىػذه الحقبػة لػـ تخمػو مػف ىػذه الػدلالات الرمزيػة، ورب
ر في مقدمتيا ىو وجود الرمزية الروحية العالية والتي تواجدت في الاضػرحة والمتمثمػة بضػريح الامػاـ موسػى الكػاظـ فػي الجانػب الغربػي مػف نيػ
انػب دجمة وفي منطقة الكاظمية بالتحديد والتي كانت تعرؼ بمقابر قريش في اوقات سابقة، وكذلؾ بمرقد وقبر الاماـ ابي حنيفة النعماف فػي الج

الشرقي مف نير دجمة وفي منطقة الاعظمية بالتحديد فضلًا عػف ضػريح ومدرسػة عبػد القػادر الكيلانػي فػي منطقػة المركػز وىػي موضػوع بحثنػا، 
ليذه الرمزية الروحية والدينية العالية لده الناس جعؿ مف ىذه المراكز نقػاط جػذب، حيػث سػاعدت عمػى نشػوء الاسػواؽ والمنػاطؽ السػكنية حيث 

 حوليا، فضلًا عف اف ليذه الاضرحة دلالية ادراكية متمثمة في ارتفاعيا وحجميا وكونيا تره مف كافة انحاء المدينة.

فة فػػي الجانػػب الشػػرقي والكػػرخ فػػي الجانػػب الغربػػي مػػف نيػػر دجمػػة، ربمػػا لػػـ تكػػف ىنالػػؾ تمػػؾ الرمزيػػة الروحيػػة امػػا بالنسػػبة الػػى منطقتػػي الرصػػا
المركزيػة كمػػا فػػي منطقتػي الكاظميػػة والاعظميػػة، بػؿ تواجػػدت دلالات رمزيػػة روحيػة منتشػػرة فػػي ارجػاء المنطقػػة والتػػي كانػت بػػدورىا نقػػاط جػػذب 

 وجود دلالات رمزية عمرانية ومتمثمة بالقصور والمدارس والتي تواجدت في تمؾ الحقبة. لممناطؽ الصغيرة القريبة منيا، فضلًا عف

الحضػرية والمعماريػة، حيػث كػاف لمػديف ودلالاتػو الروحيػة والرمزيػة دور فػػي يف الاسػلامي فػي كثيػر مػف الجوانػػب ولا يخفػى فػي ىػذا كمػو دور الػد
 اظيار وبمورة روحية المدينة.

الامعان فان ىذه الحقبة غنية بيذه المستويات، واىميا ىو الامعانات العبيرة التي تؤثر بـو امـاعن الاسـوار سـوا   اما بالنسبة الى مستويات
ر عانت الاسوار الدا رية للمدينة المدورة او الاسوار اللاحقة التي بنيت حول الرصافة والعرخ وعلى جانبي نير دجلـة، حيـث ان ليـذه الاسـوا

 ان وتاريخ المدينة بجعل خا .رمزيتيا العبيرة ضمن المع

وعذلك ىناك مستويات الامعان خاصة لدار الخلافة وما يعني ىذا الموقع والمرعز للمدينـة ععـل حيـث يمعـن ان يسـتفاد مـن ىـذه المسـتويات 
 ير جارع الرجيد.في مجاريع التطوير الحضرم لمدينة بغداد، لاسيما مجاريع التطوير الحضرم الخاصة في الرصافة التاريخية ومجاريع تطو 

ىذا فضلًا عف مستويات الامكاف الخاصة بالمناطؽ السكنية ولاسػيما فػي الجػزء الغربػي مػف نيػر دجمػة التػي تعػد مػف اقػدـ المنػاطؽ التػي سػكنت 
ع قبؿ المدينة في الموقع وضمف تاريخ مدينة بغداد مثلا منطقة الشواكة التي ىي في نفس موقع قرية سونيا وقطفتا التي كانت متواجدة في الموق
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 الشػكؿ)المدورة. فضلًا عف امكانات محاور الاسواؽ التقميدية ومحاور الحركة التقميدية وامكانػات الاسػتفادة منيػا فػي مشػاريع التطػوير الحضػر .
 .(14الرقـ 

 
 
 

ية التي عان ليـا دوراً اساسـياً مما سبق يتبين ان في ىذه الحقبة من تاريخ مدينة بغداد قد احتو  الموقع على بعض العقد الميمة والاساس
في تحديد ملامح وخصا   المدينة، ويمعن ان تعد ىذه الحقبة اىـم الحقبـات التـي جـيدت ظيـور حافـات حضـرية واضـحة وقويـة ومتينـة، 

الحقبـة. فضـلًا  ومتمثلة بالأسوار التي تم انجا يا على جانبي نير دجلة الجرقي والغربي، فضلًا عن مراعز الحعم التي عانت متميزة في ىذه
عن المناطق السعنية التي تعد من اىم العقـد التـي تواجـدت فـي الموقـع واقـدميا، الـى جانـب نيـر دجلـة الـذم يعـد اقـدم واىـم حافـة طبيعيـة 

 تواجدت في الموقع ععل.
 
 تحليل البنى الحضرية والمعمارية لمدينة بغداد المعاصرة: -5

ـ عندما قاـ الوالي العثماني مدحت باشػا بيػدـ اسػوار مدينػة بغػداد  كمػاؿ 1869تحديداً في عاـ تبدأ ىذه الحقبة في اواخر القرف التاسع عشر و 
ـ ولا يشمؿ تحميمنا المناطؽ الجديدة المستحدثة مف بغداد، ولكف 2013بناء المراكز الحكومية والعسكرية العثمانية، وتستمر ىذه الحقبة الى عاـ 

ميميػػا فػػي الحقػػب السػػابقة، ولقػػد كػػاف ليػػذه الفعػػؿ )ىػػدـ الاسػػوار( دور كبيػػر فػػي التوسػػع العمرانػػي يشػػمؿ تقصػػي مػػا حصػػؿ بػػالمواقع التػػي تػػـ تح
ىنالػػؾ تطػػورات كبيػػرة فػػي البنػػى الحضػػرية والمعماريػػة لمدينػػة بغػػداد وضػػمف  توالحضػػر  لممدينػػة وانتشػػارىا خػػارج حػػدود الاسػػوار، حيػػث اصػػبح

بقة مػػف تػػاريخ المدينػػة حيػػث كانػػت ىنالػػؾ تطػػورات حضػػرية ومعماريػػة قميمػػة وضػػمف حقبػػات زمنيػػة قصػػيرة نسػػبياً عمػػى العكػػس مػػف الحقبػػات السػػا
 حقبات طويمة نسبياً.

تقميػد  أف بغداد التي لـ تختمؼ صورتيا الحضرية العامة طواؿ قروف عف صورة المدينة عند بناء اسوارىا، بتراص كتميا البنائية وطػراز البنػاء ال
خية، وبدأت مع مطمع القرف العشريف تمر بالتغير الكبيػر، وقػد قسػـ  معظػـ البػاحثيف المراحػؿ المتعاقبػة مع بعض ملامح الطرز الاسلامية التاري

التػػي مػػرت بيػػا المدينػػة وفػػؽ العقػػود الزمنيػػة المتعاقبػػة لمقػػرف العشػػريف، لكػػف بغػػداد مػػرت بنقػػاط ) لحظػػات ( تغيػػر اساسػػية فػػي مسػػارىا الحضػػر  
ية وبعضػيا الاخػر بػالتغيرات الاقتصػادية، ومػع ىػذيف المتغيػريف كانػت المتغيػرات الاجتماعيػة والسػكانية  والثقافي، بعضيا ارتبط بالتغيرات السياس

 تحصؿ بتواتر شديد، مما جعؿ المدينة تنتقؿ بتسارع مف صورة الى اخره ثقافيا واجتماعيا وحضريا.

  :المحاور )المسارات  للحقبة الرابعة على مستو  العلاقات الاساسية -5-1
حقبة مف تاريخ مدينة بغداد شيدت المسارات تطػور وتوسػع كبيػر، حيػث اصػبح ىنالػؾ مسػارات رئيسػة ضػمف المدينػة واخػره مسػارات في ىذه ال

اد ثانويػة، واف ىػػذا التوسػػع والتطػور الكبيػػر الػػذ  ظيػر عمػػى المسػػارات والمحػػاور الحركيػة سػػببو التوسػػع الكبيػر لممدينػػة، حيػػث لػـ تبػػؽ مدينػػة بغػػد
ي نموىػا بػؿ اصػبح نالػؾ نمػو بالاتجػاه العمػود  عمػى نيػر دجمػة ا  باتجػاه الشػرؽ الغػرب، حيػث اف ىػذا الانتشػار والتوسػع متقيدة بنير دجمػة فػ

لاسػػيما لممنػػاطؽ السػػكنية وبعيػػداً عػػف مركػػز المدينػػة، تطمػػب انشػػاء عػػدد كبيػػر مػػف المسػػارات والمحػػاور الحركيػػة مػػف اجػػؿ ربػػط ىػػذه المنػػاطؽ مػػع 

 م1800مخطط ٌوضح مستوٌات الامكان فً منطقة بغداد بعد نشوء السور الشرقً سنة ( 14الشكل )

 عتماد على اطلس بغداد لاحمد سوسة اعداد واٌضاح الباحث بالا
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المدينػة، وقبػؿ ايضػاح اىػـ المسػارات فػي ىػذا الحقبػة لابػد مػف التأكيػد عمػى اف المسػار التػاريخي لموقػع بغػداد  بعضيا، فضلًا عف ربطيا بمركػز
سـونايا  –سوق بغـداد  –قطفتا  –الجسر  – )ىذا في الجزء الشرقي مف نير دجمة(سوق الثلاثا   –الزندورد  –علواذا )الطريؽ الواصؿ بيف: 

، قػد اسػتمر ولازاؿ ()ىػذا فػي الجػزء الغربػي مػف نيػر دجمػة المحـول –قريـة براثـا  –قريـة العـرخ  –نـاورا قريـة ب –قريـة ورثـالا  –قرية سـال  –
 محافظاً عمى مساره ولو بتغيرات بسيطة .

 ولعؿ اىـ ىذه المسارات ىذه الحقبة والذ  يعد اوؿ شارع حقيقي في بغداد المعاصرة ىو:
كػـ( مػف الشػماؿ الػى  3طي الحديث أوؿ شارع رئيسي يشؽ في المدينة، حيػث يمتػد حػوالي ) الرشيد بالمفيوـ التخطي: يعتبر شارع جارع الرجيد

تمػوز  23الجنوب و يتفرد موقعو بتحديده ما بيف بوابتيف قديمتيف ما بيف الباب الشرقي و باب المعظػـ، وافتػتح الشػارع فػي ولايػة خميػؿ باشػا فػي 
أو الجادة العامة أو الجادة اختصارا وثبت ذلؾ عمى قطعة مػف الكاشػي المػزجج كانػت  وقد سمي أوؿ اىمر باسـ )جادة خميؿ باشا( 1916عاـ 

عمػى  1917آذار  11موضوعة فوؽ قاعدة منارة جامع سيد سمطاف عمي في الزاوية الجنوبية ، وبعدىا اطمػؽ الانكميػز عنػد احػتلاليـ بغػداد فػي 
 .(15 الشكؿ(. )10ـص2002.)النقشبند ، ىذا الشارع اسـ )الشارع الجديد( وبعده سمي ) شارع الرشيد( 

 
 
 

بعد فتح شارع الرشيد تـ فتح شارع الكفاح وباسـ شارع  از  سابقاً ويربط بيف ساحة التحرير )ساحة الممكة عالية( وباب  جارع غازم )العفاح :
المعمػػار  امتػػاز بالحداثػػة مغػػايراً لػػرواؽ شػػارع  المعظػػـ، وذلػػؾ فػػي اربعينػػات القػػرف العشػػريف، وىػػذا الشػػارع ايضػػاً لػػو رواؽ معمػػد لكػػف طػػراز بنائػػو

)  الرشػػيد، وىػػذا الشػػارع قطػػع جػػزءاً كبيػػراً مػػف النسػػيج التراثػػي، وىػػو بشػػكؿ متعامػػد مػػع ا مػػب المحػػاور التاريخيػػة التػػي كانػػت قائمػػة فػػي المنطقػػة.
 .(16 الشكؿ( )13ـص2002، النقشبند 

 وساحة التحرير( منطقة حوض شارع الرشيد الممتد بيف باب المعظـ 15الشكؿ )
  http://www.iraqnaa.comاعداد وايضاح الباحث بالاعتماد عمى مخطط بغداد مف 
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 سانية للحقبة الرابعة:الفعاليات الان عقد على مستو  العلاقات الاساسية -5-2
ت في ىذه الحقبػة مػف تػاريخ بغػداد شػيدت العلاقػات الاساسػية عمػى مسػتوه الفعاليػات الانسػانية تغيػرات كبيػرة، لاسػيما اف الحيػاة فػي بغػداد اخػذ

السػػكف التػػاريخي فػػي منحنػػى اخػػر وظيػػور فعاليػػات لػػـ تكػػف متواجػػدة فػػي الحقبػػات السػػابقة، امػػا بالنسػػبة الػػى السػػكف فمازالػػت ىػػذه قائمػػة ولا زاؿ 
الجانب الغربي مف نير دجمة والذ  يعد اقدـ سكف في الموقػع ككػؿ مسػتمرا وبشػكؿ كبيػر وميػـ، فضػلًا عػف السػكف فػي بقيػة المنػاطؽ التاريخيػة 

 مثؿ الرصافة ومنطقتي الاعظمية والكاظمية عمى جانبي نير دجمة.

كنية كالفعاليػات التجاريػة والاداريػة وحركػة السػيارات والسػابمة وتػدىور الخػدمات السكف في ىذه المنطقة لمكثير مف الاستعمالات  ير الستعرض 
اتيػػا السػػكنية الرئيسػػة، خاصػػة بعػػد اف تعرضػػت الازقػػة التقميديػػة الػػى التقاطعػػات مػػع الشػػوارع الكبيػػرة التجاريػػة، بمػػا جػػزء المحػػلات السػػكنية وترابط

فييا، وعميو فاف ىذه البنية قد تعرضت لتحولات كبيرة واف كانت لـ تندثر كمياً ولكػف مػف  النسيجية التي كاف تكامميا يمثؿ البنية الاساسية لمسكف
دة الصعب اعتبارىا بنية عميقة مستمرة، فنوع السكف فييا والتحولات الاخره الحاصمة تقتضي اف يعاد معالجتيا فػي اعمػاؿ اعػادة تأىيػؿ لاسػتعا

 العلاقات الاساسية لمبنية.

مستمرة في المنطقة اىميا الفعاليػة الحكوميػة والفعاليػة الماليػة مػع اسػتمرار الفعاليػة التجاريػة المتمثمػة باىسػواؽ عػدا محػاور نشأت بنى الفعاليات 
تخصصاتيا التاريخية، فقد نشأت فعالية تجارية معاصرة عمى جوانب الشوارع العريضة وتداخمت مػع الاسػواؽ  عمىالاسواؽ التقميدية والتي بقت 

ر ػػـ اف بنيػػة الاسػػواؽ التقميديػػة لاتػػزاؿ قائمػػة مػػع ا مػػب علاقاتيػػا الاساسػػية، لكػػف تػػداخميا ضػػمف الانمػػاط التخطيطيػػة التػػي تمثػػؿ بنيػػة التقميديػػة، و 
لػى جديدة لممنطقة، فضلًا عف تدىور الخدمات واسػتمرار اسػواؽ الجممػة وتػداخميا مػع الفعاليػات الصػناعية ييػدد ىػذه البنيػة ممػا يجعميػا بحاجػة ا

 .(17 الشكؿيؿ ضرورية شاممة لمعلاقات القائمة والمستحدثة بما يضمف استمرارية البنية التي كانت ذات حيوية دائمة. )اعادة تأى

 تد بيف ساحة التحرير وباب المعظـ( منطقة حوض شارع الكفاح المم16الشكؿ )
  http://www.iraqnaa.comاعداد وايضاح الباحث بالاعتماد عمى مخطط بغداد مف 
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اما بالنسبة الى الزراعة فمـ تعد كمػا كانػت حيػث انحسػرت ىػذه المينػة بشػكؿ كبيػر، واتجيػت نحػو اطػراؼ المدينػة، ا  اف المسػاحة التػي كانػت 
 ي الحقبات السابقة مف تاريخ بغداد لـ تعد ىي نفسيا بؿ اختصرت بشكؿ كبير واصبحت خارج حدود المدينة.تستخدـ في الزراعة ف

 العلاقات الاساسية للحافات )الطبيعية والحضرية  للحقبة الرابعة: -5-3
اف نير دجمػة ىػو الحافػة الطبيعيػة و ة بالنسبة الى الحافات الطبيعية في ىذه الحقبة مف تاريخ مدينة بغداد، لـ يشيد تغير كبير عف الحقبة السابق

الرئيسية ضمف محيط المنطقة، حيث تمحورت وامتدت المدينة عمى الجانبيف الشرقي والغربي مف نير دجمػة الػذ  يعتبػر السػبب الرئيسػي لنشػوء 
ـ اخػػذ بالانتشػػار بالاتجػػاه مدينػػة بغػػداد، حيػػث اف بدايػػة الامتػػداد الحضػػر  لممدينػػة والػػذ  حصػػؿ بعػػد ىػػدـ السػػور كػػاف عمػػى جوانػػب نيػػر دجمػػة ثػػ

 العمود  عمى النير.
كػـ، يمتػد مػف شػماؿ 23امانػة بغػداد بأنشػاء ممػر مػائي اطمػؽ عمييػا اسػـ قنػاة الجػيش والػذ  يبمػغ طولػو قامػت في الستينيات مف القرف الماضي 

لػيس تجييػز ف انشػاء ىػذا الممػر المػائي بغداد الى الجنوب في الجانب الشرقي مف نير دجمػة وبشػكؿ مػواز  تقريبػاً لنيػر دجمػة، وكػاف اليػدؼ مػ
 ميمػةالمياه الى اراضي زراعيو فقط وانما انشاء حدائؽ وساحات جميمػة لزيػادة الرقعػة الخضػراء وانشػاء واحػدة مػف المعػالـ السػياحية الواسػعة الج

 .(18 الشكؿ. )مصب ىذه القناة حيثممتدة مف نير دجمة الى نير ديالى 
بيعيػة المائيػة، ولكػف قػد بػرز وربمػا بشػكؿ واضػح فػي ىػذه الحقبػة حافػات او عقػد طبيعػة اخػره متمثمػة بالمسػاحات ىذا بالنسبة الػى الحافػات الط

ابقاً الخضراء والمتنزىات والتي تـ أنشاءىا في حقبات مختمفة واماكف مختمفة مف بغػداد، وربمػا فػي مقػدمتيا ىػي متنػزه الػزوراء )كانػت معسػكراً سػ
الاعراس )جزيرة اـ الخنازير سابقاً(، فضلًا عـ منطقة ترفييية شماؿ بغػداد تعػرؼ باسػـ جزيػرة بغػداد فضػلًا عػف باسـ معسكر الوشاش(، وجزيرة 
 .(18 الشكؿمواقع اخره في شارع فمسطيف.)

رؽ والمنػاطؽ اما بالنسبة الى الحافات الحضرية فقد ازداد اتساع المدينة وبشكؿ كبير وضمف حقبات زمنية قميمة وتـ تقسيميا الى شبكة مػف الطػ
ىػي الحضرية وربطيا مع بعضيا مما جعميا وحدة واحدة، ىذا بالنسبة الى الحافات الداخمية ضػمف المدينػة امػا بالنسػبة الػى الحافػات الخارجيػة و 

فػػي تغيػػر ونمػػو مسػػتمرة وىنالػػؾ عػػدد مػػف المخططػػات الاسػػاس لمدينػػة بغػػداد التػػي وضػػعت مػػف قبػػؿ شػػركات مختصػػة وفػػي حقبػػات مختمفػػة، وقػػد 
 دت ىذه المخططات ملامح وشكؿ المدينة وحدودىا الخارجية.حد

 اف ما تـ طرحة في تحميؿ البنية التخطيطية في المدينة مػف شػبكة الشػوارع وترابطاتيػا قػد خمقػت حافػات معينػة وخاصػة الطػرؽ السػريعة التػي لا
ما يؤشر اندثاراً اخر ملامح الانيار والقنوات المائيػة التػي وقد تـ في التسعينات الغاء مسار )نير الخير( في الكرخ وىو  –يمكف لمسابمة قطعيا 

ا الػػى كانػػت قائمػػة جنػػوب المدينػػة المػػدورة، اف انػػدثار ىػػذا النيػػر او القنػػاة لا يمثػػؿ فقػػط الغػػاءاً لبنيػػة قائمػػة )كانػػت قػػد مػػرت بمراحػػؿ تحػػوؿ خلاليػػ
دورة ومقابميػػا، اف الابقػػاء عمييػػا او اعػػادة تأىيميػػا يمثػػؿ ديمومػػة منطقػػة  يػػر صػػحية( انػػو الغػػاء لكػػؿ البنيػػة التػػي تعػػود الػػى مرحمػػة المدينػػة المػػ

 واستمرارية لبنية فضاء مفتوح تاريخي وليس مشروعاً اعتيادياً فقط.

 

 ( منطقة الاسواق القدٌمة فً جانب الرصافة والكرخ17الشكل )

 اعداد واٌضاح الباحث 
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 الترابطات او التدرج اليرمي للعلاقات للحقبة الرابعة:  -5-4
بغػداد مػا بقػت كمػا كانػت عميػو فػي السػابؽ، حيػث اف  اف العلاقات الاساسية عمى مستوه الترابطػات والتػدرج اليرمػي فػي ىػذه الحقبػة مػف تػاريخ

مثػؿ المدينة ما بقت محصورة او متمركزة في المنػاطؽ القريبػة مػف النيػر او فػي المنػاطؽ القريبػة مػف عقػد الفعاليػات الانسػانية كمػا كانػت عميػة، 
العقػػد المكانيػػة، حيػث اف المدينػػة اخػػذت طابعػػا تجمػع المنػػاطؽ السػػكنية حػوؿ الاضػػرحة الدينيػػة وكػػذلؾ بػالقرب مػػف منػػاطؽ الاسػػواؽ و يرىػا مػػف 

 مختمؼ في الامتداد معتمداً بذلؾ التوسع نحو الاطراؼ والاستفادة مف المساحات المتوفرة.
ابرز ملامح التغير التي حدثت عمى النسيج الحضر  فكاف في ظيور الضػواحي الجديػدة خػارج القمػب التػاريخي )الجػزء المسػور( ـ فظيػرت  مف

يرية شمالا والسعدوف جنوبا والصالحية وكرادة مريـ في الضفة الغربية لدجمة، وفي حيف كاف النسيج الحضر  التقميد  قائما باختراؽ مناطؽ الوز 
 Gridوالتخطػيط الشػبكي   Garden cityبسػيط، فظيػرت ىػذه الضػواحي وفقػا ىنمػاط تخطيطيػة معاصػرة )كمػا ذكرنػا( مثػؿ المػدف الحدائقيػة  

iron ،(.42، ص2006. )السمؽ 
وعميػو يتبػيف اف مدينػة بغػداد اصػبحت مترابطػة بشػكؿ مختمػؼ عمػا كانػت عمييػا ولسػبب كبػر المسػاحة التػي شػغمتيا المدينػة بسػبب ازديػاد اعػػداد 
السكاف فييا، فضلًا عف التحوؿ الػذ  حصػؿ فػي المنػاطؽ التاريخيػة والقديمػة التػي اصػبحت منػاطؽ تجاريػة وصػناعية بالدرجػة الاولػى، وانتقػاؿ 
صفة السكف نحو اطراؼ المدينة او الضواحي، مما اعطى ليذه المناطؽ )المناطؽ التاريخية والقديمة مف بغػداد( صػفة المركػز، حيػث اصػبحت 

 .(18 الشكؿمناطؽ جذب لمزاولة الاعماؿ، وبذلؾ اصبحت مركز لمدينة بغداد. )

 
 
 
 لرابعة:المستويات الدلالية ومستويات الإمعان للعلاقات اعلاه للحقبة ا -5-5

في ىذه الحقبة لـ يعد مستوه الدلالية واضحاً كما كاف عميو في الحقبات السابقة، حيث اف نمو المدينة بشػكؿ كبيػر وسػريع، جعػؿ مػف الصػعب 
 المحافظة عمى روحية المدينة، حيث اف ىذه الرمزية والدلالية اقتصرت عمى عدد مف العقد المعمارية وبعض مف الفعاليات الانسانية.

ا تبيف في السابؽ عف دور الاسلاـ في صيا ة روحية المدينة، فلا يخفى في ىذه الحقبػة عػف ىػذا الػدور الػذ  يمثمػو الػديف الاسػلامي حيػث وكم
يمكف ملاحظة مظاىر الاسلاـ في المناطؽ التي نشأت بشكؿ كبير وسريع، اذ انيا  الباً ما تحتو  عمى مركز ديني فضػلًا عػف عقػد لمفعاليػات 

مثػػؿ الاسػػواؽ والمتنزىػػات و يرىػػا، والتػػي تنتشػػر حوليػػا القطاعػػات السػػكنية، فعميػػو يتبػػيف اف ىػػذه المنػػاطؽ نشػػأت وفػػؽ روحيػػة ورمزيػػة  الانسػػانية
 محددة وىي روحية الديف الاسلامي.

مدينة بغػداد كػوف اف ا مػب تاريخ مف وكذلؾ الحاؿ بالنسبة الى مستويات الامكاف فمـ تعد مدينة بغداد بالقوة التي كانت عمييا في حقبات سابقة 
عقد ىذه الحقبة والتي يمكف اف تشكؿ امكانات كبيرة في التطوير الحضر  لمدينة بغداد لازالػت مسػتمرة ولكػف بشػكؿ سػيء، ا  اف ا مػب العقػد 

سػتغمة، والتػي بػدورىا اذا مػا لاسيما العقد المعمارية ليذه الحقبة تعػاني مػف الاىمػاؿ وقمػة الاىتمػاـ، ممػا حوليػا الػى كيانػات وابنيػة فار ػة و يػر م
اسػػتغمت بالشػػكؿ الصػػحيح يمكػػف اف تكػػوف امكانػػات كبيػػرة واساسػػية فػػي تطػػوير الحضػػر  ى  منطقػػة مػػف منػػاطؽ بغػػداد بشػػكؿ خػػاص ولتطػػوير 

 لمدينة بغداد في الكامؿ بشكؿ عاـ.

 م 2013طبٌعٌة والحضرٌة والتدرج الهرمً لمدٌنة بغداد المعاصرة سنة مخطط ٌوضح الحافات ال( 18الشكل )

 اعداد واٌضاح الباحث بالاعتماد على اطلس بغداد لاحمد سوسة 
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انػت متواجػدة فػي الحقبػات السػابقة ولكػف بشػكؿ فضلًا عف ذلؾ ظيرت في ىذه الحقبة الطويمة والتي شممت مراحػؿ فػي القػرف العشػريف )وربمػا ك
 يػػر واضػػح او لػػـ تػػذكر بشػػكؿ كػػافي مػػف قبػػؿ المػػؤرخيف والبػػاحثيف(، عناصػػر دلاليػػة نصػػبيو تحمػػؿ فػػي طياتيػػا رمزيػػة او دلالػػة عاليػػة ىحػػداث 

تػي تواجػدت فػي بغػداد ضػمف ميمة، او اشخاص ميميف قادوا الى احداث تغيػرات ميمػة فػي تػاريخ مدينػة بغػداد المعاصػر، ومػف ىػذه النصػب ال
 حقبات زمنية مختمفة نصب الجند  المجيوؿ القديـ الذ  بني في مطمع الستينات في ساحة الفردوس، ومثؿ قيمة دلالية ميمة في المدينػة، وقػد

السياسػػػػية تػػػػـ ىدمػػػػو فػػػػي الثمانينػػػػات، الا اف قيمػػػػة الامكػػػػاف ليػػػػذا النصػػػػب لاتػػػػزاؿ قائمػػػػة ومػػػػؤثرة فػػػػي مسػػػػار الاحػػػػداث فػػػػي المدينػػػػة وخاصػػػػة 
 .(19 الشكؿوالحضرية،)

 
 
 

ولايػزاؿ ونصب الشييد، وكذلؾ نصب التحرير في ساحة الحرية الذ  مثؿ عملًا فنياً وحضرياً متميزاً قدـ معمماً ميمػاً لبغػداد ارتبطػت بػو المدينػة 
، وكػػذلؾ نصػػب ىشػػخاص مثػػؿ تمثػػاؿ (20 الشػػكؿقائمػػاً ومػػؤثراً فػػي اليويػػة الحضػػرية المعاصػػرة فضػػلًا عػػف الاثػػر النحتػػي الفنػػي المميػػز لػػو )

الرصافي، وتمثاؿ كيرمانة ونصب الامومة، وتمثاؿ ابي نؤاس وتمثاؿ شيريار وشيرزاد وتمثاؿ السػعدوف وتمثػاؿ عبػد المحسػف الكػاظمي وتمثػاؿ 
 ينة بغداد المعاصر.ابي جعفر المنصور وتمثاؿ عباس بف فرناس، و يرىا مف التماثيؿ والنصب التي تعكس حدث او شخص ميـ في تاريخ مد

 
 

 
 ( نصب التحرٌر فً ساحة التحرٌر20الشكل )

 (مكتبة الصور النادرة –)الانترنت  عن
 
 

 ( نصب الجندي المجهول القدٌم فً ساحة الفردوس19الشكل )
 (مكتبة الصور النادرة –)الانترنت  عن
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 الاستنتاجات النيا ية:
 ومن تتابع البنى الحضرية لمدينة بغداد امعن استخلا  نقاط اساسية عانت مؤثرة في تتابع بناىا تاريخياً.

 ابـي  ان موقع مدينة بغداد غني بالبنى الحضرية والمعمارية حتى قبل بنا  المدينة المدورة، ممـا جعليـا مرعـزاً ميمـاً ونقطـة جـذب
 جعفر المنصور لأنجا  مدينتو المدورة.

  نير دجلة المحور الاساسية لمدينة بغداد وعبر تاريخيا الطويل، حيث يمعن اعتباره العقدة الطبيعية الوحيدة التي عانـت ومـا بقى
 زالت مصدر الحياة لمدينة بغداد.

 نـت المدينـة المـدورة نواتيـا وتعاملـت ىـذه البنيـة بنجـو  مثلت المدينة المدورة مع ما جاورىا بنية حضرية واحدة ) ىي بغداد   عا
 محلتين اخريتين فييا ىما العرخ والرصافة.

 بنا  المدينة المدورة في ىذا الموقع اىمية ومرعزية للموقع، ولعن مع بقا  البنى الحضرية والمعمارية )المحاور الاساسية  اعطى
الموقع قبل بنا  المدينة المدورة، بقيت نفسيا واستمرت وتطورت فيو، مما يدل وعقد الفعاليات الانسانية  التي عانت متواجدة في 

 على ان الموقع قادر على استيعاب التغيرات والتبدلات والمحافظة على وجوده وقيمتو.
 ىـي الاولـى  تخلق  مرعزية في عيانيا عمرعز لدولـة, وىعـذا يمعـن ان تعـدد ىـذه الفتـرة من اننجو  ) المدينة المدورة   عان لابد ل

التي تجيد نجو  مدينة ضمن الموقع بسبب نجو  مرعز حضرم ومدني للموقع ععل، فقد بقيت بنفس قيمتيا المرعزية ىذه عندما 
 حطم المأمون المدينة المدورة وقصر باب الذىب وسعن في قصر في الجانب الجرقي لبغداد .

  باجـا، نمـواً عبيـراً وسـريعاً، حيـث اخـذت منـاطق سـعنية جديـدة جيدت بغداد المعاصرة وخصوصاً بعد ىـدم السـور علـى يـد مـدحت
بالظيور، وانتجرت في جميع الاتجاىات، وازداد عدد المسارات والمحاور الحرعية عما عانت عليو من اجل تحقيق ترابط بين ىـذه 

 المناطق الواسعة وربطيا مع المرعز.
 مما جعل القرن العجرين ملي اً بالبنى الحضرية.جيدت بغداد القرن العجرين تغيرات واضحة في مجال التخطيط ، 

 التوصيات النيا ية:
  عند القيام بام مجروع تطوير حضرم او ام مجاريع تخطيطية لابد من دراسة بنية بغداد عبر تاريخيـا وعلاقاتيـا الاساسـية ممـا

ل انقطـاع عـن ماضـي مدينـة بغـداد سيسيل اتخاذ القرارات الميمة، حيث ان ىذه الدراسة يمعـن ان تعـون السـبب فـي عـدم حصـو
والتعامل مع ىذه البنية بجعل سليم وعدم التعامل معيا بجعل يقطع تلك البنية ويجتتيا بدل ان يعامليا ويتواصل معيا، حيـث ان 
 معرفـة المسـارات ومحـاور الحرعـة الاساســية ضـمن الموقـع وعـذلك اىـم المنــاطق السـعنية التاريخيـة ومنـاطق الفعاليـات الانســانية

 يحول دون التداخل فيما بينيا او ضياعيا او الغا يا نتيجة لعملية التطوير المعاصرة.
 في الموقع مدينة بغداد وىو نيـر دجلـة بجـعل اعثـر تخصصـاً ولاسـيما مـن حيـث اسـتغلال  ضرورة التعامل من اىم محور موجودة

ة بجعل اعثر ملا مة وبما يناسب الانفتاح نحنو النير مجر  النير عمسار للنقل بجعل اعثر جدية، وعذلك استغلال الواجية النيري
بما يخ  مجاريع التطوير الحضرم للمناطق المطلة على النير وعذلك بالنسبة الي المدينة بغداد ععل، وحتة بمـا يخـ  الابنيـة 

 المعمارية المنفردة المطلة على نير دجلة.
  عملية تطوير الحضرم، وان لم يعن ىذا التعامل تعاملًا فيزيا يا، ولعن ضرورة التعامل مع موقع المدينة المدورة وعدم تجاىلو في

بجعل يسمح بالاستفادة من الامعانات التي توفرىا ىذه العقدة الميمة في تاريخ بغـداد ععـل، فضـلًا عـن ىـذا يوصـى الـى الجيـات 
ا المميز وقبتو الخضرا ، وعجف العثير مما المتخصصة القيام بأعمال التنقيب عن موقع المدينة المدورة واسوارىا الثلاثة وقصرى

 ىو غامض الان من عمارتيا.
  ،يوصــى بضــرورة العجــف والتنقيــب عــن مواقــع الاســوار الجــرقية والغربيــة لمدينــة بغــداد علــى جــانبي نيــر دجلــة وعــذلك ابوابيــا

تطوير حضرم او تخطيط يحصـل فـي  والاستفادة من الامعانات الميمة والعبيرة التي يمعن ان تقدميا ىذه العناصر في ام عملية
 المناطق القريبة منيا او على مستو  مدينة بغداد ععل.

  ضرورة التعامل مع عقـد الفعاليـات الانسـانية والمتمثلـة بالأسـواق ولاسـيما الاسـواق التاريخيـة ضـمن مدينـة بغـداد، بأسـلوب اعثـر
ذلك التأعيـد علـى ىـذه الاسـواق وعلـى اىميتيـا فـي حيـاة جدية، وضرورة دراسة تاريخ ىـذه الاسـواق لتسـييل عمليـة تطويرىـا، وعـ
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المدينة السابقة والمعاصرة ضمن ام عملية تخطيط او تطوير حضرم يحصل في المنـاطق المعنيـة او علـى مسـتو  مدينـة بغـداد 
 بالعامل.
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 عدد الأصابات لمعاممين في قطاع التشييد في العراقنوع و  عمى والمهنة تأثير العمر

 محجوب أحمد محمد رؤوف م. د.
 قسم اليندسة المدنية

 اليندسة كمية / جامعة بغداد

  الخلاصة 
الأعمال  فيوينجم عنيا وفيات عديدة ىي تمك التي تقع  والتي أثبتت الأحصائيات العالمية أن أكثر  حوادث العمل خطورة

الأنشائية. أن تمك الحوادث تتعمق بالكثير من الأسباب التي تحصل أثناء عممية التشييد. ومن أىم الأسباب التي تؤدي الى 
من فئة  مميناالع من والسلامة المينية وبالأخصقواعد الأ نقص الخبرة لدى العاممين وأىمالحدوث الأصابات في العمل ىي 

 لتوضيح العلاقة بين عمر العامل وعدد الأصابات ، جاءت فكرة ىذا البحثفي مواقع البناءن ونظراً لممخاطر التي يمك الشباب.
الحمول المناسبة لأزالة أو التقميل من مخاطر  من ثم اقتراحوتحديد الأسباب التي تؤدي لتمك الأصابات و  انواعياو  والحوادث

ل. كما تناول البحث التعرف عمى أىم المفاىيم والمصطمحات التي تتعمق بموضوع السلامة والصحة المينية أصابات العم
 ومن ثم تحميل نتائج الاستبيان جمع المعموماتارات أستبيان لأعداد أستم رة أوضح حول موضوع البحث. تم لتكوين صو 

وتوصيات والتي من  أحصائياً والخروج بنتائج يمكن أن تسيم في التقميل من حدوث الأصابات بين العاممين في مواقع العمل
ابرزىا ان ىنالك نقص شديد وعدم أىتمام بعمم السلامة المينية ومتطمبات الوقاية الشخصية في مواقع المشاريع الأنشائية في 

 . العراق

 العاممين  ات العاممين، انواع الاصابات، اعماراصاب سلامة المينية،ال -الكممات الرئيسية: 
   

The Effect of Age and occupation on the Type and the Number of workers 

injuries in construction sector in Iraq 

 
Inst. Dr. Ahmed Mohammed Raoof Mahjoob 

Department of Civil Engineering 

Engineering College / Baghdad University  
             

ABSTRACT 

World statistics proved that the most of work dangerous accidents, which causes death, are 

occurred in the construction works. These accidents related to many causes such as loss of 

workers experience and ignoring rules of safety requirements, especially young workers. Due to 

the risk of accidents that may occur in the site of work, the idea of this study crystallized to show 

the relationship between the age of worker and number of injuries and accidents, to identify the 

causes of these injuries, and to put the appropriate solutions to avoid or reduce the risk of work 

injuries. Also, the research shows the main principles of safety requirements to forming a clear 

picture about the subject of the study.  A questioner form was prepared to collect the information 

and then analyzing it statistically in order to reach to the results and recommendations which 

contribute to decrease the occurrence of work injuries in the sites of construction projects.    

 

Key Words: Occupational Safety, Workers Injuries, Types of Injuries, Age of Workers 
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 التعاريف والمصطمحات

 السلامة المهنيةأولا: 
العموم ذي مجال واسع يشتمل عمى الكثير من مجالات  فروع السلامة والصحة المينية ىي فرع من

مجموعة الأجراءات التي تؤدي لتوفير الحماية المينية لمعاممين والحد من خطر المعدات  تمثلالتخصص. و 
والآلات عمى العمال والمنشأة ومحاولة منع وقوع الحوادث أو التقميل من حدوثيا، وتوفير الجو الميني السميم 

 الى: وتيدف. (0991)فراج  الذي يساعد العمال عمى العمل
أعمى درجة من أكتمال الصحة البدنية والعقمية والأجتماعية لمعمال في جميع  تعزيز والمحافظة عمى. 0

 المين.

 .قاية العمال من التأثيرات الصحية الضارة التي تسببيا ظروف عمميمو . 2

 حماية المنشأة بما في ذلك الآلات والمواد من المخاطر الممكن حدوثيا كالصدم والحريق.. 3

 مينية ملائمة لاحتياجاتيم البدنية والعقمية، والمحافظة عمى ىذا الوضع.تعيين العمال في بيئة . 4

 جعل العمل ملائما للأنسان.. 5

 حماية الأفراد من أجل الوصول الى أنتاج من دون حوادث وأصابات من خلال:. 6

 الحماية من المخاطر من خلال:أ. 

 أزالة الخطر من منطقة العمل. .0

 .تقميل الخطر أذا لم تتم أزالتو .2

توفير معدات الحماية الشخصية مثل نظارات وقاية العين، واقيات السمع لتجنب الضجيج، الكمامات  .3
 المفمترة لتجنب الغازات السامة، خوذة الرأس،....ألخ.

 توفير الجو الميني السميم: من حيث الأضاءة والرطوبة ودرجة الحرارة المريحة لمعمل. ب.

 
 ثانيا: أصابات العمل

يعرف الضرر الذي يصيب العامل بسبب وقوع حادث معين بأنو ) أصابة (، أي أن الأصابة ىي النتيجة 
في مكان المباشرة لمحادث الذي يتعرض لو العامل. وتعرف أصابة العمل بأنيا الأصابة التي تحدث لمعامل 

العمل أو طريق الرجوع من العمل أو بسببو وكذلك تعتبر الأصابات التي تقع لمعمال في طريق ذىابيم الى 
العمل إصابات عمل بشرط أن يكون الطريق الذي سمكو العامل ىو الطريق المباشر دون توقف أو أنحراف 

وقد تزداد عدد الأصابات مع زيادة حجم  .(0983)جميل  وتعتبر الأمراض المينية من أصابات العمل
فعال لأجراءات السلامة المينية ومتطمبات الوقاية المشروع الأنشائي وبالتالي تزداد الحاجة الى وجود نظام 

 (. Al-Utaibi 1996الشخصية )
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 ثالثا: الأمراض المهنية
ىي أمراض محددة ناتجة عن التأثير المباشر لمعمميات الأنتاجية وما تحدثو من تموث لبيئة العمل بما يصدر 

بيعية المتواجدة في بيئة العمل ف الطعنيا من مخمفات ومواد وغيرىا من الآثار وكذلك نتيجة تأثير الظرو 
يمكن تقسيم نتائج ، الحرارة، الرطوبة، .....ألخ. و الأفراد مثل الضوضاء، الأىتزازات، الأشعاعات عمى

 :(Stone2007) الأمراض المينية الى قسمين ىما
 . النتائج المباشرة:0

، وحالات الوفاة الناجمة الكمي أو الجزئيتعتبر أصابات العمل والأمراض المينية التي تصيب العمال بالعجز 
عن حوادث العمل المختمفة ىي نتائج مباشرة لظروف العمل الخطرة التي أفتقرت لأشتراطات السلامة 

 والصحة المينية.
 . النتائج غير المباشرة:2
بشكل عام ىذه النتائج ذات طابع أقتصادي، حيث تظير الخسائر المادية التي تتكبدىا المنشأة أو الدولة  

نتيجة حوادث العمل أو الأصابات أو الأمراض المينية التي تنتج عن ظروف بيئة العمل غير الآمنة، 
 ويظير ذلك في أيام العمل الضائعة أو المفقودة بسبب أصابات العمل والأمراض المينية.

 
 بعا: الحادثار 

يؤدي الحادث الى أضرار أو تمفيات  يمكن تعريف الحادث عمى أنو حدث مفاجئ يقع أثاء العمل وبسببو، وقد
بالمنشأة أو وسائل الأنتاج دون إصابة أحد من العاممين، أو قد يؤدي الى إصابة عامل أو أكثر بالأضافة 

 الى تمفيات المنشأة ووسائل الأنتاج.
  

 الحوادث في المشاريع الأنشائية
يستطيع أي ميندس معرفة تمك الأسباب عن أن أسباب الحوادث في المشاريع الأنشائية كثيرة ومتنوعة ولا 

وقوانين السلامة  طريق التخمين والتقدير، بل يجب دراسة النشاطات الأنشائية بدقة والتأكد من تطبيق أنظمة
 المينية في جميع المجالات وعمى كل المستويات.

يعود الى خطأ بسيط  وعن دراسة أجريت في الولايات المتحدة أشارات الى أن أكثر الحوادث في موقع العمل
أو أىمال غير متعمد، ولا تكون نتائج الأىمال عادية فأنيا قد تسبب في كارثة تذىب ضحيتيا الأرواح 
والأموال وتكمف المقاول الكثير من المال والجيد بالأضافة الى سمعتو في السوق، وخاصة في العراق فأن 

 المقال قد يتعرض أيضا الى المطالبات العشائرية.
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 ارير الحوادثتق
يجب عمى أدارة المشروع أعداد تقرير بعد كل حادث يقع أثناء تنفيذ المشروع، حيث أن مثل ىذه التقارير 

. ويحب أن يشمل التقرير تساىم في معرفة السبب الحقيقي الذي أدى الى وقوع الحادث ومنع وقوعو مستقبلا
 عن الحادث الأمور التالية:

 أسم الشركة وأسم المشروع.. 0

 أسم العامل المصاب.. 2

 عمر العامل.. 3

 تاريخ تعينو في العمل ومدة خدمتو الفعمية.. 4

 مينة العامل.. 5

 نوع الأصابة. 6

 تاريخ وقوع االأصابة.. 7

 والمعدات والمواد المستعممة عند الأصابة. و العامل المصاب والأدواتما العمل الذي كان يقوم ب. 8

 كيف تمت الأصابة.. 9

 التصرف الغير مأمون الذي قام بو العامل أثناء العمل وأدى الى أصابتو.ما . 01

ما ىي أوجو القصور التي كانت موجودة سواء في وسيمة العمل أو طريقة أداء العمل أو في محيط . 00
 العمل.

 ما ىي طريقة الوقاية المناسبة التي يجب أن تستعمل لمنع الأصابة.. 02
 والتوصيات الواجب أتخاذىا لمنع تكرار الحادث مستقبلا.ما ىي الأجراءات . 03

 -واجبات ادارة المشاريع :
تنفيذ مختمف  أن يعمل مدير المشروع الإنشائى عمى سيادة الأمان , ومتابعة قواعد السلامة أثناء يجب

, كما أن  من ميندسين ومراقبين العمميات فى الموقع , ويجب أن يساعد مدير المشروع فى ذلك جميع مرؤسيو
ميو , وينقميا تتلائم , ونوع العمل الذى يشرف ع عمى مدير المشروع أن يضع قواعد السلامة الرئيسية التى

 . إلى جميع العاممين فى موقع العمل ةبصورة واضحة وعممي

تتم يطالبون بتوضيح كافة قواعد الأمن والسلامة التى يجب أن  إن الميندسين المشرفين عمى الموقع ىم الذين
حسب نوع العمل و ظروفو , أما قواعد السلامة الرئيسية التى يجب أن يتم توضيحيا  توضيحيا لكل العاممين

 : (0977)غولد ىابر  ين فى صناعة الإنشاء فيى تتمثل فىلو المسؤ  لكل
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التدريبات اللازمة عمى كيفية إنجاز  ماممين فى موقع العمل , ثم إعطائيالع شرح أسباب الحوادث لكافة .0
 . بأمان العمل

 . وبدون تردد , تشجيع العاممين عمى تقديم التقارير عن حدوث الأخطاء والعيوب بسرعة .2

 . الموقع تحذير العاممين من الأىمال والتيور والمزاح بأدوات العمل فى .3

 . العاممين بمواقع العمل مة إلى كافةيجب إيصال كافة التعميمات الخاصة بقواعد الأمان والسلا .4

السلامة لمشروع الأنشاء , ويقوم ميندس السلامة  فى بعض الشركات الكبرى فى العالم يتم تعين ميندسى
 : بالوظائف التالية

 . العقد ر مواصفات السلامة , ليتم إضافتيا فى وثائقيطرق التصميم والتفيذ وتطو  مراجعة .0

 . تتناسب مع متطمبات المشروع السلامة التى وضع خطة .2

لامة , والحصول عمى موافقة بالسلامة عمى ضوء برنامج مدير الإنشاء لمس مراجعة برنامج المقاول الخاص .3
 . السلامة الخاصة بالمشروع عمى خطة صاحب العمل

 . تخطيط نظم التقيد بالخطة من قبل موظفى السلامة .4

 . تنظيم لجنة سلامة لممشروع .5

 . العاممة فى المشروع عقد إجتماع لموضوع السلامة لجميع الأطراف .6

 . برنامج السلامة مراقبة نظام تقارير الحوادث ووضع التوصيات الخاصة بتحسن .7

 . تأمين خدمات الإسعافات الأولية فى مواقع العمل .8

 . الحماية من الحريق وخدمات الأمن تأمين .9
 

 والصحة المهنية في مشاريع التشييد في العراقتقييم متطمبات السلامة 
من خلال الزيارات الميدانية لبعض المشاريع الأنشائية في العراق، أثبتت الدراسة بأن أجراءات السلامة العامة 
المنصوص عمييا في الأتفاقيات الدولية لحماية العنصر البشري والممتمكات الشخصية ىي ضعيفة في تمك 

لال الدراسة أنتخاب مجموعة عشوائية من مواقع المشاريع وتم أعداد قائمة تدقيق المشاريع. حيث تم خ
(Check Listلمعرفة مدى تطبيق متطمبات السلامة العامة في العراق، والجدول ) يبين شكل قائمة  (1) رقم

 ئج النيائية لعممية جمع البيانات.التدقيق والنتا
 
 
 
 

 



Journal of Engineering Volume    20    December -    2014 Number  12 
 

 

36 

 

 والنتائج النهائية لمبيانات.( check list(: قائمة تدقيق )1جدول )
 غير موجودة موجودة أجراءات السلامة العامةمستمزمات و 

 %70 %29 خوذة الرأس -0
 %27 %63 القفازات لحماية الأيدي -2
 %31 %71 والوجو الواقيات والنظارات لحماية العينين -3
 %71 %31 أحذية السلامة -4
 %61 %41 والروائح السامةالكمامات لمحماية من تأثير الغازات  -5
 %81 %21 لمعاممين عمى السقالاتأحزمة الأمان  -6
 %35 %65 وجود عامل أو أكثر مسؤول عمى تنظيف الموقع -7
 %51 %51 وجود مرافق صحية كافية لمعاممين -8
 %65 %35 وجود مياه شرب صحية في الموقع -9

 %91 %01 والنقالات ...ألخ وجود خدمات طبية مثل صندوق الأسعافات الأولية -01
 %61 %41 وجود مستمزمات الوقاية من الحريق -00
 %35 %65 وجود أنظمة ملائمة لمتيوية في موقع العمل -02
 %77 %23 وجود اللافتات التحذيرية في موقع العمل -03
 %05 %85 وجود أنارة كافية في موقع العمل -04
 %90 %9 واقيات السمعوجود أجراءات معالجة الضجيج مث  -05
 %81 %21 الملابس الواقية لحماية الجسم -06
 %05 %85 حماية العاممين من مخاطر الكيرباء -07
 %65 %35 وجود عجلات ملائمة لنقل العاممين وتأمين سلامتيم -08
 %55 %45 وضع حواجز حماية أمام فتحات المصاعد والادراج وغيرىا -09
 %28 %72 المجاوراتمستمزمات حماية  -21
 %75 %25 وجود سجلات خاصة بالعاممين وأعمارىم وأصابات العمل -20
 

يتبين بأن أغمب متطمبات السلامة المينية  ((1)جدول رقم )ة في قائمة التدقيق من خلال المعمومات المبين
يرجع الى عدم أىتمام أدارة المشروع والأدارات العميا  اغير متوفرة في المشاريع الأنشائية في العراق، وىذ

ر كذلك لايوجد تنسيق واضح بين دوائ بأجراءات السلامة العامة وأجراءات الوقاية الشخصية وكيفية تطبيقيا.
حول كيفية تطبيق متطمبات السلامة المينية في مواقع العمل وفرض  ومؤسسات الدولة والجيات الرقابية
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بضرورة تطبيق أجراءات السلامة المينية والوقاية الشخصية لما في ذلك من  تمزم المقاولأجراءات مشددة 
يانة بتمك الأجراءات. حفظ لحياة الأنسان وحمايتو من المخاطر والكوارث التي قد تحصل فيما لو تم الأست

متطمبات الوقاية  فقدان التدريب والتوعية لمعاممين حول كما تم ملاحظة أثناء أجراء الدراسة الميدانية
الشخصية والسلامة المينية وتعريفيم بالمخاطر التي قد تصيبيم في حالة عدم ألتزاميم بتعميمات السلامة 

   العامة.
 عمر العامل وعدد الأصابات  بين علاقة

لتوضيح تأثير العمر لمعامل عمى عدد الأصابات في المشاريع الأنشائية، كان لابد من جمع المعمومات التي 
تتعمق بيذا الموضوع، حيث تم أعداد أستمارة أستبيان تتضمن معمومات حول موضوع السلامة المينية 

 وأصابات العمل وتم أختيار عينة من الميندسين ومدراء المشاريع للأجابة عن الأسئمة والمعمومات التالية:
السلامة العامة في موقع ىل يوجد شرط أو فقرة في عقد المقاولة تشير الى ضرورة وجود أجراءات  .0

 العمل؟
 ما مدى تطبيق أجراءات السلامة المينية في موقع العمل؟ .2

 ىل توجد برامج تدريب وتوعية لمعاممين في مواقع العمل بأجراءات السلامة المينية؟ .3

 ىل يوجد نظام توثيق لأصابات العمال والحوادث وأجراءات السلامة المتبعة في المشروع؟ .4

 خلال تنفيذ المشروع. حوادث أو الأصاباتعدد ال معمومات عن .5

معمومات عن عمر المصاب ومينتو وخبرتو ونوع ومكان الأصابة وسببيا وتأثيرىا عمى سير العمل في  .6
 الموقع.

 

 التحميل الأحصائي
من خلال المعمومات المثبتة في أستمارات الأستبيان المستممة من الأشخاص الذين تم توزيعيا عمييم، أتضح 
أن أغمب المشاريع الأنشائية قد حدثت فييا أصابات وحوادث لمعاممين في الموقع، وأن تمك الحوادث شممت 

( سنة. كانت عدد الأستمارات الفعمية المستممة من المستبينين 55 – 07ما بين )أعمار مختمفة من العاممين 
حيث تم تنظيم المعمومات والبيانات المدونة في تمك الأستمارت بشكل جدول تكراري بعد  ( أستمارة،65ىي )

 القانون التالي: لحساب عرض الفئة التكرارية من خلا
 
 
 

W = 
 

 
  ……………………………………….…..Eq(1). 
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 حيث أن:
W عرض الفئة التكرارية = (Class Width). 
R ( المدى =Range.) 
K عدد الفئات = (No. of Classes). 

 ( وكما يمي:K( وعدد الفئات )Rولحساب عرض الفئة يجب أولًا أن نحسب كل من المدى )
 
R = maximum value – minimum value ……………….Eq(2). 

R = 55 – 17 = 38 

K = 1+ 3.322 log (N) ……………………………….…Eq(3). 

 ( قراءة.65وىي ) ( تمثل عدد البيانات أو القراءات الملاحظةNحيث أن )
K = 1+ 3.322 log (65) = 7 

 

W = 
  

 
 = 5.43 ≈ 5 

 
يوضح العلاقة بين عمر  (2)جدول رقم بعد أكمال الحسابات أعلاه تم تنظيم البيانات بشكل جدول تكراري 

يوضح العلاقة بين العمر لمعامل وعدد  (1رقم ) ، والشكلالعامل وعدد الأصابات التي تحدث في موقع العمل
 .الأصابات

 (: العلاقة بين عمر العامل وعدد الأصابات.2) جدول
 

 
  
  

 التكرار أو عدد الأصابات الفئة العمرية لمعمال
07 – 22 20 
23 – 28 05 
29 – 34 00 
35 – 41 01 
40 – 46 3 
47 – 52 4 
53 – 58 0 

 65 مجموع التكرارت
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 (: العلاقة بين عمر العامل وعدد الأصابات.1شكل )

 
ركز في الأعمار الصغيرة لمعمال )فئة اسة ىو أثبات أن عدد الأصابات تتأن اليدف الرئيسي ليذه الدر 

( 65( أصابة من مجموع )47كان عددىا ىو )( و 34 - 07حيث تركزت الأصابات بين الأعمار )الشباب( 
 -وكالاتي:  %(72أي بنسبة ) أصابة

ىم أكثر عرضةً لممخاطر  نستنتج بأن فئة الشباب (2رقم ) من خلال المعمومات المبينة في الجدول. 0
 وأصابات العمل التي قد تحدث في المواقع ويرجع ذلك لأسباب كثيرة منيا:

  أن الكثير من المقاولين وأصحاب العمل يفضمون فئة الشباب لمعمل في المشروع لسرعتيم في العمل
 اب.وقوة أجساميم ونشاطيم العالي، أي أن أغمب العاممين في مواقع العمل ىم من فئة الشب

  ًأن الشباب وخاصة المبتدؤن في العمل ىم أقل خبرة ممن ىم أكبر منيم سناً، لذا فيم أكثر عرضة
 للأصابة.

 .كثرة المزاح أثناء العمل بين صفوف الشباب، وىذا يؤدي غالباً الى حدوث الأصابة 

 عالية الشباب مثل الأعمال عمى مرتفعات  غالباً ما توكل الأعمال التي تحتوي عمى خطورة الى فئة
 وحمل الأوزان الثقيمة وغيرىا.

  لايوجد برامج تدريبية عمى متطمبات السلامة لمعاممين وخاصة المبتدؤن بالعمل وىم فئة الشباب
لغرض توعيتيم وتحذيرىم من المخاطر التي قد يواجيونيا في مواقع العمل في حالة عدم ألتزاميم 

 ة المينية.بمتطمبات السلام
كما موضح  أثبتت الدراسة بأن أنواع أصابات العمل ىي متباينة حسب نوع العمل الذي يقوم بو العامل. 2

%(، ويرجع 57حيث بمغت نسبة أصابات العمل لدييم ) ىا تحدث لعمال البناء، ولكن أكثر (3رقم )في جدول 
 ذلك لأسباب كثيرة منيا:
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 توكل الى عمال البناء ثر الأنشطةأن أكو  من الأنشطة شائي يحتوي عل الكثيرأن المشروع الأن 
 وغالباً ما تكون تمك الأنشطة محتوية عمى بعض المخاطر التي قد تؤدي الى حدوث الأصابة.

  غالباً ما يكون عامل البناء ىو شخص بسيط يبحث عن أي عمل يمتينو لمحصول عمى المال وليس
والنجارة وغيرىا، لذا فأنو يوكل بأعمال التي تخص لديو خبرة في المجالات الأخرى مثل الحدادة 

 عممية البناء مثل حمل المواد الأنشاية، مساعدة العامل الماىر، تنظيف الموقع.....ألخ.

  مثل ملابس الوقاية الشخصية ووسائل حماية بيئة عدم توفير متطمبات السلامة العامة لمعاممين
 العمل وغيرىا.

 معاممين عمى متطمبات السلامة المينية.لايوجد برامج تدريب وتوعية ل 

 
 

 
 (: العلاقة بين مهنة العامل وعدد الأصابات.3) جدول

الفئة 
 العمرية

النسبة   المجموع الأختصاص
عامل  %

 بناء
 حارس لحام حفار حداد نجار

07–22 03 6  2   20 3223 
23–28 01 3 2    05 2320 
29–34 4 3 4    00 0629 
35–41 7 2 0    01 0524 
40–46 0 2     3 426 
47–52 0  2   0 4 622 
53–58 0      0 025 

  65 0 1 2 9 06 37 المجموع
 011  025 1 320 0329 2426 5629 النسبة %

 
%( ويرجع ذلك 25يمي عمال البناء من حيث تعرضيم للأصابة ىم النجارين، حيث بمغت نسبتيم حوالي )

 لأسباب منيا:
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  النجارة يستعممون الكثير من الأدوات الخطرة مثل المطرقة والمسامير والمناشير وغيرىا أن عمال
 وىي أدوات قد تؤدي الى حدوث الأصابة في حالة الأىمال وسوء أستخداميا.

  بة والسقوط من المرتفعات في حالةلأصالقد يعمل النجارين عمى أماكن مرتفعة، لذا فيم عرضة 
ات السلامة العامة مثل أحزمة الأمان وخوذة الرأس والقفازات اليدوية تجاىميم وأىماليم لمتطمب

 وغيرىا.

  أن مينة النجارة تحتاج الى الخبرة والممارسة، حيث أن نقص الخبرة والتدريب في ىذا المجال قد
 يؤدي الى حدوث الأصابة.

أنواع أصابات العمل ونسبيا بين صفوف الفئات العمرية المختمفة لمعاممين، حيث  (4رقم ) يوضح جدول. 3
%( من 57نستنتج بأن أكثر الحوادث التي تقع لمعاممين ىي الجروح والكسور، وىما يشكلان حوالي نسبة )

لعمل مثل أنواع الحوادث التي تقع في مواقع المشاريع الأنشائية. أما بقية الأنواع المختمفة من أصابات ا
الحروق وخطر الكيرباء والتسمم فيي غالباً ما تنتج عن الأىمال وعدم أتباع أو الأفتقار لمعلامات 

أما الوفاة فيي قميمة الحدوث وىي ناتج خطر كبير لأي نوع  ،والأرشادات التي تتبع لمنع وقوع تمك الحوادث
 من أنواع أصابات العمل التي تم ذكرىا.  

 

 .ابات العمل وعددها(: أنواع أص4جدول )
الفئة 
 العمرية

النسبة   المجموع نوع الأصابة 
 أخرى وفاة تسمم جرح رضوض  حرق كسر %

07–22 5   9 2 2 3 20 3223 
23–28 5 0 0 4  3 0 05 23 
29–34 2 0 0 3  2 2 00 07 
35–41  0 0 3 2 2 0 01 0524 
40–46 0  0   0  3 426 
47–52 0   3    4 622 
53–58 0       0 025 

  65 7 01 4 22 4 3 05 المجموع
 011  0128 0524 622 3328 622 426 23 النسبة %

 
بينت الدرسة بأن أغمب المشاريع الأنشائية في العراق تفتقر لأجراءات السلامة العامة، حيث كان رأي . 4

%( من مواقع المشاريع الأنشائية لاتوجد فييا أجراءات متبعة لمسلامة المينية 75المستبينين بأن حوالي )
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لمسلامة المينية وتأثيرىا في حماية  ولايوجد تدريب وتوعية لمعاممين حول الأجراءات الصحيحة والمتبعة دولياً 
 العنصر البشري من حوادث العمل.  

 
 الأستنتاجات

 :بموضوع ادارة السلامة المينية من ىذه الدراسة الأمور التالية نستنتج
ىناك نقص شديد وعدم أىتمام بعمم السلامة المينية ومتطمبات الوقاية الشخصية في مواقع المشاريع . 0

 العراق.الأنشائية في 
التي تعنى بأمور السلامة المينية وضعف التنسيق بين دوائر الدولة  قي العراق غياب الجيات الحكومية. 2

مثل دائرة الصحة ودائرة الضمان الأجتماعي وغيرىا حول تسجيل وحفظ بيانات حول الأصابات التي تحدث 
العمال المصابين مثل أسمائيم،  لمعاممين في مواقع العمل، وىذا يعمل سبب نقص البيانات التي تخص

كما لايوجد تنسيق بين الجيات  .،...ألخأعمارىم، الحالة الأجتماعية، نوع الحادث، مكان الأصابة، وسببيا
تضمن لمعامل سلامتو وحقوقو وتمزم أصحاب  الحكومية وغير الحكومية حول وضع ستراتيجيات وقوانين

 من خلال توفير متطمبات السلامة المينية والوقاية الشخصية.العمل بضرورة حماية العمال وتأمين سلامتيم 
. غياب التدريب والتوعية لمعاممين حول أجراءات السلامة العامة والمخاطر التي قد تصيبيم فيما لو أىمموا 3

 أجراءات السلامة المينية.
ثبتت الدراسة بأن أن أصابات العمل لا تتوزع بصورة طبيعية بين الأعمار المختمفة لمعمال، حيث أ. 4

سنة لأسباب كثيرة  29الحوادث وأصابات العمل تكثر لدى فئة الشباب وخاصة العمال التي تقل أعمارىم عن 
 منيا نقص الخبرة لدييم وتوكيميم بأعمال تناسب أعمارىم والمزاح والأىمال أثناء العمل.

ر العاممين ىم من فئة الشباب وىم مواقع العمل في العراق، تم ملاحظة بأن أكث. من خلال مشاىدة بعض 5
مفضمين لدى أصحاب العمل لقوة أجساميم وتحمميم أعباء العمل المختمفة، وىو ما يفسر كثرة الأصابات بين 
صفوف الشباب العاممة في مواقع العمل، حيث يتم تشغيميم مباشرة بدون أي تدريب عمى الأعمال التي توكل 

 ليم، مما يجعميم عرضة للأصابة.
 بينت الدراسة بأن أنواع أصابات العمل ىي متباينة حسب طبيعة العمل الذي يقوم بو العامل، كما بينت. 6

في المواقع الأنشائية ىي تحدث لعمال البناء أكثر من غيرىم من الأختصاصات بأن أكثر الأصابات  الدراسة
وفقرات كثيرة يكون فبيا عامل  الأخرى مثل النجار والحداد وغيرىم، لأن عممية البناء تحتوي عمى تفاصيل

 البناء عرضة للأصابة فيما لو أىمل متطمبات السلامة المينية والوقاية الشخصية.
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 التوصيات
. يجب عمى الجيات المختصة بشؤون العمل والعمال مثل دائرة العمل والضمان الأجتماعي ونقابة العمال 0

ظروف الأمان والسلامة العامة   ومستحقاتو وتوفيروضع الشروط والقوانين التي تكفل ضمان حياة العامل 
أثناء قيامو بعممو، وتوفير الجيات الرقابية لمراقبة والتأكيد عمى المقاولين وأصحاب العمل عمى ضرورة توفير 

كما توصي ىذه الدراسة بضرورة  متطمبات السلامة المينية والوقاية الشخصية لمعاممين في موقع العمل.
)وطفة  0987( لسنة 70العراقية الخاصة بموضوع السلامة المينية مثل قانون العمل رقم )انين و تفعيل الق
( 39، قانون التقاعد والضمان الأجتماعي لمعمال رقم )0980( لعام 89، قانون الصحة العامة رقم )(2110
 ....ألخ.0970لعام 
المقاولة تنص عمى وجوب توفير أجراءات ، تبين بأنو لاتوجد فقرة في عقد . من خلال عممية الأستبيان2

السلامة المينية وحماية العاممين من المخاطر، لذا لابد من تضمين فقرة ضمن فقرات عقد المقاولة تمزم 
 المقاول توفير الأجراءات الضرورية لمسلامة المينية قي مواقع العمل.

، تقرون لمخبرةالشباب الذين غالباً ما يف صة فئة. يجب توفير برامج تدريبية لمعاممين في مواقع العمل وخا3
من أجل تعريفيم بالأعمال التي سيقومون بيا في الموقع والمخاطر التي قد تصيبيم في حالة أىماليم 

. كما يجب توعيتيم بالأرشادات والتعميمات الخاصة بالسلامة المينية وتنبيييم لمتطمبات السلامة المينية
 يا في حالة أخلاليم بتمك التعميمات.حول العقوبات التي قد يواجيون

. التأكيد عمى توفير متطمبات الأسعافات الأولية في موقع العمل مثل صندوق الأسعافات الأولية وتعين أو 4
 تدريب شخص عمى كيفية أسعاف العامل المصاب.

تي تتعمق تنظيم سجلات لتدوين وحفظ لممعمومات ال. يجب عمى كافة الجيات الحكومية وغير الحكومية 5
بالحوادث وأصابات العمل وكذلك معمومات عن العامل المصاب وتنظيم أستمارة يطمق عمييا )تقرير حادث( 
يبين فيو معمومات عن الشخص المصاب وعمره وسبب الأصابة ومكانيا من أجل دراسة تمك الحوادث 

 والتقميل منيا مستقبلًا.
الرقابي عمى مواقع  . التأكيد عمى توفير قسم خاص بالسلامة المينية في شركات المقاولات وتفعيل دورىا 6

العمل ووضع الخطط التي تسيم في تجنب وتقميل الخطر وتوفير الجو الآمن لمعاممين من أجل زيادة 
 أنتاجيتيم في العمل.

 المصادر

 ( 2116الخطيب، عصام أحمد؛ مقدادي، ريم ،) أصابات العمل في قطاعات البناء وتشكيل المعادن"
 .5رقم  02والصناعات الغذائية في محافظة أريحا/فمسطين" مجمة صحة الشرق الأوسط، المجمد
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 ( النظم الأدارية ليندسة التشييد" 0977غولد ىابر، ستانمي؛ جيا، شاندرا ك؛ ماسيدو، مانويل س" ،)
 ، المممكة العربية السعودية.ترجمة محمد عمر جمجوم وأنيس عبد الله

 ( السلامة في العمل" منشورات وزارة الثقافة والأعلام، الجميورية العراقية، دار 0983جميل، حكمت" ،)
 الرشيد لمنشر.

 ( الصحة المينية والأمن الصناعي" دار الفكر العربي.0991فراج، عز الدين " ،) 
 ل السلامة والصحة المينية في الجميورية العراقية" وزارة (، "معمومات أساسية حو 2110) وطفة، نبيل

 العمل والشؤون الأجتماعية.
 Al-Utaibi, Misfer A (1996), (The Relationship between the Project Size and the 

Safety Level in Building Construction Projects), a thesis presented to the faculty 

of the college of graduate studies, King Fahd University. 

 Stone, Neal (2007), (Managing Health and Safety in Construction), Crown 

copyright, UK. 
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