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Evaluation of Alum/Lime Coagulant for the Removal of Turbidity from Al- 

Ahdab Iraqi Oilfields Produced Water 

 

ABSTRACT 

The removal of turbidity from produced water by chemical coagulation/flocculation 

method using locally available coagulants was investigated. Aluminum sulfate (alum) is selected 

as a primary coagulant, while calcium hydroxide (lime) is used as a coagulant aid. The 

performance of these coagulants was studied through jar test by comparing turbidity removal at 

different coagulant/ coagulants aid ratio, coagulant dose, water pH, and sedimentation time. In 

addition, an attempt has been made to examine the relationship between turbidity (NTU) and 

total suspended solids (mg/L) on the same samples of produced water. The best conditions for 

turbidity removal can be obtained at 75% alum+25% lime coagulant at coagulant dose of 80 mg/l 

at pH 6 and 120 min for sedimentation time. At these conditions, the turbidity reading was 

reduced from 92 to 2.1 NTU. 

Key words: coagulation, turbidity, alum, produced water. 

 

النورج في ازالح العكورج هن الوياه الوصاحثح لأنتاج النفط هن حقول الأحذب العراقيح -تقيين هخثر الشة   

 

    

 

 الخلاصح

الوٌخح بطشيقت الخخثش/ الخلبذ وباسخخذام هخثشاث هخىفشة هحليآ. حن في هزا البحث حوج دساست اصالت العكىسة هي الواء 

اسخخذام كبشيخاث الالوٌيىم )الشب( كوخثش سئيسي بيٌوا اسخخذم هيذسوكسيذ الكالسيىم )الٌىسة( كوخثش هساعذ. حن دساست اداء 

واء ححج ظشوف هخخلفت هثل ًسبت هزٍ الوخثشاث بطشيقت الذفعت وباسخخذام فحص الدشة ورلك بوقاسًت اصالت العكىسة هي ال

الوخثش / الوخثش الوساعذ و كويت الوخثش و الذالت الحاهضيت للواء وصهي الخشكيذ. بالاضافت الى رلك, حن عول دساست هخخبشيت 

ء لوعشفت العلاقت بيي دسخت العكىسة )وحذة كذسة( وهدوىع الوىاد الصلبت الوعلقت )هليغشام لكل لخش( لٌوارج هخخلفت هي الوا

 ٠٨الوٌخح. بيٌج الٌخائح بأى الوخثشاث الوسخخذهت اظهشث افضل اداء في اصالت العكىسة واى الدشعت الاهثل للوخثش هي 

دقيقت واى افضل ًسبت هخثش/ هخثش هساعذ  ٠٢٨وافضل صهي الخشكيذ كاى ٦هليغشام لكل لخش والشقن الهيذسوخيٌي الاهثل هى 

 وحذة كذسة عٌذ هزٍ القين الوثلى. ٢٫٠الى  ٢٢العكىسة هي  % ًىسة. حٌاقصج قشاءة٢٧% شب هع ٥٧كاًج 
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          Basma Abbas Abdul-Majeed                                              Hussein Basim Oleiwi 
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1. INTRODUCTION 

Treating oilfield water can help facilitate additional water management options for 

operators such as beneficial uses that in the short and long term can potentially provide certain 

community and economic advantages. Treated produced water has the potential to be a valuable 

product rather than a waste. A large number of methods were used as treatment technologies 

such as heat treating, gas flotation, chemical separation, membranes, filtration, and biological 

degradation. Several methods are available to remove the suspended solids or turbidity (like 

cuttings, sand, clay particles, and microorganisms) and their methods are filtration, coagulation, 

gravity separation, and biological treatment, Arthur, 2005.  

All waters, especially produced water, contain both dissolved and suspended particles. 

Coagulation and flocculation processes are used to separate the suspended solids portion from 

the water. The suspended particles vary considerably in source, composition charge, particle 

size, shape, and density. Correct application of coagulation and flocculation processes and 

selection of the coagulants depend upon understanding of the interaction between these factors, 

Smita, et al., 2012.  

Turbidity is cloudiness or haziness of water (or other fluid) caused by individual particles 

that are generally invisible to the naked eye. It is a characteristic related to the concentration of 

suspended solid particles in water and has been adopted as an easy and reasonably accurate 

measure of overall water quality ,Tseng, 2000. World Health Organization (WHO) has set the 

guideline value for the residual turbidity in drinking water at 5 Nephelometric Turbidity units 

(NTU), Connachie, et al., 1999. Although turbidity purports to measure approximately the same 

water quality property as total suspended solids, the later is more useful because it provides an 

actual weight of the particulate material present in the sample. While a relationship can be 

established between turbidity and suspended solids, this relationship can and will change 

spatially and temporally due to variations in solid composition and stream energy ,Rasmussen, 

1995.  

For all water types, there are many parameters that affect coagulation performance for 

turbidity removal including the character and concentration of the particular material, chemical 

and physical properties of the water, mixing time, mixing speed, and temperature. The common 

parameters are coagulant type, dose, pH, and settling time, Uyak and Toroz, 2007. The 

coagulation process utilizes what is known as a chemical coagulant to promote particle 

agglomeration. Eilbeck and Mattock, 1987, presented a list of common coagulants in treating 

wastewater. They mentioned that the most frequently used coagulants are iron and aluminum 

salts and especially, for economic reasons, aluminum sulfate and ferric chloride. Coagulants are 

sometimes assisted with further chemicals, known as coagulant aids. They essentially are 

polyelectrolytes and lime alkalinity addition, Kiely, 1997.  

The aim of this work was to study the feasibility of turbidity removal from real produced 

water from Al-Ahdab Oilfields by alum and lime coagulants. The process was examined for the 
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first time in Iraq under different values of coagulant/ coagulants aid ratio, coagulant dose, water 

pH, and sedimentation time. 

 

2. MATERIALS 

2.1 Produced Water 

A volume of produced water obtained for sampling from Al-Ahdab Oilfields, 180 km 

south-east of Baghdad, was stored in a plastic container for the duration of the study. Samples of 

this water were analyzed chemically in the Al-Ahdab Oilfields and results are listed in table 1. 

 

2.2 Coagulants 

The chemical coagulants used in the present study were aluminum sulfate and calcium 

hydroxide.  Aluminum sulfate (Alum) is selected as a primary coagulant, while calcium 

hydroxide (lime) is used as a coagulant aid. Alum is a white crystalline solid with the formula 

Al2(SO4)3.18H2O  with purity of 97.3%wt. Lime is a very fine white powder. It has the chemical 

formula of Ca(OH)2, purity of 95%wt. The selected coagulants have been chosen in this work 

due to their physical and chemical properties which give their ability to remove turbidity on their 

molecular species from the bulk liquid. Also, they are of low cost and are locally available. 

 

3. EXPERIMENTAL PROCEDURE 

All coagulation experiments were conducted in six-place conventional jar-test apparatus. 

Six beakers with 1 liter volume of produced water are used at time of experiment. The study 

includes the effect of coagulant/ coagulant aid ratio, coagulant dose, pH, and sedimentation time 

on turbidity removal. Different combinations of coagulant dose (20, 40, 60, 80, 100, and 120 

mg/l), pH (3, 4, 5, 6, 7, and 8), and sedimentation time (30, 60, 90, 120, 150, and 180 min) were 

tested. The pH was adjusted by adding drops of HCl (0.1M) or NaOH (0.1M) prior to the 

addition of coagulant. To simulate coagulation, flocculation, and sedimentation conditions, rapid 

mixing at 200 rpm was performed for 3 min, followed by slow mixing for 30 min at 30 rpm and 

final step (0 rpm) for 60 min settling time, Degremont, 1979. After completing the settling time, 

supernatant was withdrawn with a plastic syringe from near 3 cm below the liquid-air interface 

for analysis of turbidity and total suspended solids. All the experiments were carried out at 

ambient temperature of 20-25 C
o
. 

Total suspended solids (TSS) are that portion of the total solids that are retained on a 

filter paper (Cellulose nitrate membrane, approximately 0.45 mm pore size). Before sampling, 

filter papers were prepared by first soaking them in distilled water, drying them at 100 C
o
, 

weighing and recording their weights. Now, a measured volume (100 ml) of produced water is 

passed through the filter. The filter containing the residue is then dried in an oven for one hour at 

100 C
o
. The sample is then cooled and weighed. The increase in weight represents TSS. Finally, 

TSS was calculated by using the equation below, APHA, 1998.  

 

   (
  

 
)  

     

 
                                                                                                    (1) 

 

where A = final weight of the filter (mg), B = initial weight of the filter (mg), and C = volume of 

water filtered (l). This inexpensive TSS tells much about the produced water character and can 

be run in less than two hours with fairly inexpensive equipment. 
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4. RESULTS AND DISCUSSION 

4.1 Evaluation of the Percentage Ratio of Coagulant/Coagulant Aid 

Different doses of aluminum sulfate (alum) as a primary coagulant with the coagulant aid 

(lime) were added to the produced water with initial turbidity as 92 NTU, uncontrolled pH as 

5.8, coagulant dose as 60 mg/l, and 60 min as sedimentation time. The results are shown in table 

2. Examining this table, it is clear that there was an improvement in the turbidity removal when 

25% lime were used as a coagulant aid in conjunction with 75% alum compared to alum alone 

and this can be regarded as the best coagulant. Lin, et al., 1971,  showed that the addition of 

alum to water releases hydrogen ions and consequently lowers the pH. Unless the hydrogen ions 

can be removed, the formation of an effective floc, Al(OH)3, is impossible. The hydrogen ions 

can be removed by the alkalinity in natural water or by the addition of lime. This finding is in 

agreement with , Degremont, 1979 and Kiely, 1997. They mentioned that if there is insufficient 

alkalinity in the water with high turbidity, alkalinity is added by means of lime addition, even 

with small amount, to improve the alkalinity and optimize coagulation. 

 

4.2 Effect of Coagulant Dosage 
Coagulant dosage was one of the most important parameters that have been considered to 

determine the best condition for the performance of coagulant used (75%alum+25%lime) in 

coagulation/ flocculation process. The effect of coagulant dosage on the removal of turbidity is 

shown in Fig. 1. Coagulant dosage was varied from 0 to 120 mg/l while other parameters were 

kept constant at pH 5.8 and 60 min for sedimentation time. From Fig. 1, it can be seen that the 

best dose of coagulant was 80 mg/l and the removal efficiency of turbidity was 91.41%. It is 

noticed that turbidity values are decreasing for coagulant dosage level of 0 to 80 mg/l and 

gradually increasing for dosage level of 100 to 120 mg/l. This may be explained by: high dose of 

the coagulant in the suspension caused charge stabilization of colloid particles, due to the 

adsorption of counter ions (in this case was Al
+3

). Increasing the dose of coagulant more than 80 

mg/l raised the turbidity because the excess adsorption of the counter ions caused the charge of 

colloidal particles to become positive (i.e. re-stabilization of the colloidal particles). The results 

obtained in this study are similar to those reported by Ghaly et al., 2007. They reported that 

colloidal particles are negatively charged and upon addition of aluminum sulfate to wastewater, 

the Al
+3

 ions are attracted to these particles. At the point of complete charges neutralization, the 

colloids begin to agglomerate due to collisions between particles. If excess coagulant is added to 

the wastewater, the results are a reverse of the net charge on the colloidal particles (from 

negative to positive). Particle re-stabilization by charge reversal allowed greater amounts of 

smaller particles to remain in solution, thus increasing the total solids as well as the color 

intensity of the treated water. 

 

4.3 Effect of pH 

In the coagulation/ flocculation process, pH is very important as the coagulation occurs 

within a specific pH range. An optimum pH range, in which metal hydroxide precipitates occur, 

should be determined to establish best conditions for coagulation. In this study, a range of pH 

between 3 to 8 was selected. The results of the study showing the effect of pH on the removal of 

turbidity are presented in Fig. 2. To determine the best pH value, coagulant dosage was 

maintained at 80 mg/l and 60 min for sedimentation time. The best pH was determined at a value 

of 6 followed by 5 and 7 and the turbidity removal was 91.09% as shown in Fig. 2. It was found 

that the percentage of turbidity removal was increased at pH from 3 to 6 and then it declined for 

pH 7 to 8. The obtained results are in accordance with those obtained by Degremont, 1979 and 
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Sadeddin et al., 2011. They indicated that aluminum salts work best in a pH range of 5.5-7.4. 

Outside this range, a higher concentration of dissolved aluminum is liable to be found.  

 

4.4 Effect of Sedimentation Time 

            In this experiment, the sedimentation times were varied from 30 to 180 minutes. Other 

parameters were kept constant at pH 6 and 80 mg/l for coagulant dosage. The effect of 

sedimentation time on coagulation process is given in Fig. 3.  From this figure, it can be seen 

that the turbidity decreased with increasing settling time and it reached equilibrium at 120 min. 

At this point, removal efficiency of turbidity was 97.72 %. Further increase in time had no effect 

on turbidity removal. This result explained that almost all flocs produced after the coagulation 

and mixing process have settled to the bottom of the sludge layer after 120 min. The settling 

process is mainly affected by the gravity where heavier flocs will settle faster than dispersed 

particle. 

 
4.5 Turbidity versus Total Suspended Solids 

Both turbidity and total suspended solids (TSS) are defined by the method used to 

measure them. Turbidity is an optical measurement; it depends on the number of particles in the 

sample and their shape and size. While TSS is a gravimetric measurement, it depends on the total 

mass of filterable material in the sample, Rasmussen, 1995, Fig. 4. The final relationship 

between turbidity and TSS at Al-Ahdab oilfields produced water was shown in Fig. 5. This 

figure confirms the existence of a strong linear relationship between turbidity readings and TSS 

concentrations. High coefficient of determination (R
2
=0.972) value was obtained for this 

relationship. From the published NTU-TSS relationship, Irvine, et al., 2002 and Hannouche, 

2011. It is seen that it can vary considerably between different aquatic systems and even at 

different times for the same stream, so there is no universal correlation of turbidity and TSS.  

 

5. CONCLUSIONS 

The aluminum sulfate (alum) combination with coagulant aid (lime) provided higher 

removal efficiencies of turbidity compared to coagulation with alum alone. The added alum to 

water causes the release of hydrogen ions which lowers the pH.   

The best conditions for turbidity removal using a jar test process can be obtained at 75% 

alum+25% lime coagulant ratio at coagulant dosage of 80 mg/l at pH 6 and 120 min for 

sedimentation time. This dose caused colloid particles to be charge stabilized, while increasing 

the dose increase the turbidity where re-stabilization occurs. 

At these conditions, the NTU reading was reduced from 92 to 2.1. The TSS-turbidity 

relationship may be both site and time specific, so the relationship is normally unique for a 

particular catchment and within a particular period of time. 
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Table 1. Analysis of produced water from Al-Ahdab Oilfields, Date: 2-3-2013. 

Permissible Limit  Value Parameter 

6.5-8.5 5.5-5.9 pH 

5 92 Turbidity (NTU) 

30 2520 TSS (mg/l) 

_ 1005 Density (kg/m
3
) 

 

Table 2. The percentages of the coagulant doses. 

Sample 

No. 
Coagulants 

Final Turbidity 

(NTU) 

Removal Efficiency 

(%) 

1 100 % alum + 0 % lime 54.4 40.87 

2 75 % alum + 25 % lime 12.8 86.09 

3 50 % alum + 50 % lime 37.2 59.57 

4 25 % alum + 75 % lime 61.4 33.26 

5 0 % alum + 100 % lime 73 20.65 
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Figure 1. The effect of coagulant dosage on turbidity removal from produced water. 

 

 

Figure 2. The effect of pH on turbidity removal from produced water. 
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Figure 3. The effect of sedimentation time on turbidity removal from produced water. 

 

Figure 4. Turbidity compared to TSS. 

 

Figure 5. Turbidity-TSS relationship at Al-Ahdab oilfields produced water.           
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ABSTRACT 

Shell-and-double concentric tube heat exchanger is one of the new designs that enhance 

the heat transfer process. Entransy dissipation is a recent development that incorporates 

thermodynamics in the design and optimization of heat exchangers. In this paper the concept of 

entransy dissipation is related to the shell-and-double concentric tube heat exchanger for the first 

time, where the experiments were studied at hot oil temperature of 80, 100 and 120°C, the flow 

rate of cold water was 0.667, 1, and 1.334 kg/m
3
 respectively and the temperature of inlet cold 

water was 20°C. The entransy dissipation rate due to heat transfer and to fluid friction or 

pressure drop was studied.  

Key Words: entransy, dissipation rate, heat exchanger, heat transfer enhancement, concentric 

tubes. 

 

 لانابيب المتذاخلت المتمركزةقشرة واالحراري رو المبادل الحساباث وتحليل منظومت 

 الانترانسي باستخذام تبذيذ

 

 أ.م.د. بسمت عباس عبذ المجيذ

 جاٍعح تغذاد -ميٍح اىهْذسح  –قسٌ اىهْذسح اىنٍٍَاوٌح 

 

 الخلاصت

عٍو عَيٍح اّرقاه هى احذ اىرصاٌٍٍ اىجذٌذج ىرف اىَرَشمزج اىَرذاخيحّاتٍة اُ اىَثاده اىحشاسي رو اىقششج والا

هى ذطثٍق حذٌث.  اىَثيى اىَثادلاخ اىحشاسٌح شٍىداٌَْل فً عَيٍح ذصٌٍَالاّرشاّسً واىرً ذىظف اىث اىحشاسج.اُ عَيٍح ذثذٌذ

ة اىَرَشمزج اىَرذاخيح ّاتٍششج والااىحشاسي رو اىق فً هزا اىثحث سىف ٌرٌ ذطثٍق ٍثادئ الاّرشاّسً عيى اىَثاده اىحشاسي

ً و ٍعذه جشٌاُ اىَاء °120و 100, 00حٍث ذَد دساسح اىرجاسب عْذ دسجح حشاسج اىزٌد اىساخِ ٍساوٌح ىـ , ولاوه ٍشج

مغٌ/ً 1,334و 1و 0,,,0اىثاسد ماُ 
3

ً. ذَد دساسح ٍعذه ذثذٌذ °20و دسجح حشاسج اىَاء اىثاسد اىذاخو ٍساوٌح ىـ  

 ٍجح اّرقاه اىحشاسج والاحرناك او اّخفاض اىضغط.الاّرشاّسً ّر

 جشمزرََالاّاتٍة اى, , ٍثاده حشاسي, ذعزٌز اّرقاه اىحشاسجٍعذه اىرثذٌذح: الاّرشاّسً, نيَاخ اىشئٍسٍاى
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1. INTRODUCTION 

A shell and double concentric tubes heat exchanger is a new invention in heat transfer 

devices that is used for transfer of internal thermal energy between three fluids at different 

temperatures (two hot flows and a cold flow H-C-H or opposite C-H-C). They are used in 

different industrial applications, where enhancement of heat transfer is needed in addition to 

increasing compactness. Accordingly, both weight and cost of the exchanger will be decreased to 

a good extent, ,Fadhil Abid A., 2013. 

The new heat exchangers differ in the use of double concentric tubes instead of the ordinary 

tubes used. The shell outside is the envelope of the double concentric tubes.  

Principally, the second tube (inner tube) improves heat transfer through an additional flow 

passage and a larger heat transfer area per the same length of heat exchanger. In this new heat 

exchanger the application of two different streams leads to new heat transfer area which is equal 

to the heat transfer area of shell-and tube heat exchanger plus of inner tubes heat exchange area 

     First fluid (the same temperature level or the same nature as the third fluid) enters and is 

distributed between the shell and inner tubes. Whereas second fluid penetrates into annulus 

shape formed with the inner tubes and the second tube sheet.  

Heat transfer enhancement is considered to have great role in the studies of the scientists 

since it affects the energy consumption all over the world. Studies led to different developments 

like heat transfer optimization and entransy dissipation for describing the heat transfer ability and 

irreversibility of heat conduction, respectively ,Zeng-Yuan et al., 2007. and ,Mingtian, 2011. 

,Guo et al., 2007. defined a new physical quantity called entransy. They also defined heat 

transfer potential capacity and heat transfer potential capacity dissipation function ,Guo et al., 

2003. and ,Chen, 2012. By analogy between heat conduction process and electrical conduction 

process, a new term called entransy which can describe total heat transfer ability was introduced 

by ,Zeng-Yuan et al., 2007. 

,Guo et al., 2008.  introduced an entransy dissipation number. They non-dimensionalized 

the entransy dissipation of heat exchanger. This can be used as thermodynamic figure to assess 

heat exchanger performance. 

 ,Guo et al., 2010. defined an equivalent thermal resistance of a heat exchanger based on 

the entransy dissipation rate. They developed relationships between heat exchanger effectiveness 

and the thermal resistance which can be used to compare the irreversibility of a heat exchanger 

and its effectiveness. 

,Xiaodong et al., in 2011. defined in their work the heat exchanger thermal resistance 

basing their work on entransy dissipation rate. They based the results on that the minimum 

entransy dissipation resistance corresponds to the highest heat transfer rate. 

,Li Xuefang et al., in 2011. studied the optimization of a water-water counter current 

heat exchanger based on the entransy dissipation rate. They showed that increasing heat transfer 

area will reduce the irreversible dissipation in the studied heat exchanger. 

,Mingtian, 2011.  showed that entransy is a state variable which may be employed to 

describe the second law of thermodynamics. 

,Mingtian, 2011. wrote a chapter studying the entransy dissipation theory and its 

application in heat transfer; convection and heat exchangers. 

,Liu et al., in 2011. showed in a study that the considering the principle of entransy 

decrease in processes of heat transfer, that entransy would never increase when heat is 

transferred from higher to lower temperature in both equilibrium or non-equilibrium states. 

,Xuetao, and ,Xingang in 2012. showed that for any thermodynamic process, it is found 

that some of net entransy flow from the heat sources is dissipated during process of heating or 

cooling of the working fluid and the other part is lost in doing work process. 
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,Jiangfeng and ,Mingtian, 2012. studied the optimization of heat exchanger using 

entransy dissipation theory and genetic algorithm. 

,Chen, in 2012. summarized in his study entransy theory and its applications on heat 

conduction, heat convection, heat radiation, and heat exchanger design etc. 

,Xuetao et al., in 2012. developed expressions of entransy dissipation, entransy 

dissipation based thermal resistance and entropy generation using the assumptions of 

incompressible fluids, ignored the influence of viscous dissipation on entransy and they assumed 

that there is no heat exchange between environment and the considered heat exchanger. 

,Xuetao and ,Xingang, 2013. discussed the entransy expressions on thermodynamic 

laws. For the first law they showed that any thermodynamic system is in balance. The entransy 

expression for the second law of thermodynamics showed that entransy flow will not be 

transported from low temperature level to a higher one. Considering the third law of 

thermodynamics, the entransy expression showed that it is impossible to reach zero entransy for 

anybody. 

,Xuetao and Xingang, 2013. used concepts of entropy generation and heat entransy loss 

to analyze the conversion of heat-work and heat transfer processes.  

,Jia et al., 2014. studied the convective heat transfer optimization based on minimum 

entransy dissipation. Heat transfer is enhanced at relatively small flow resistance. This indicates 

that the investigated optimization method is useful in design of heat transfer enhancement.  

,Puranik and ,Maheshwari, 2014. introduced a new heat exchanger design based on 

minimized entransy dissipation number which yields higher performance great savings in terms 

of energy and protection of environment.  

,Kim and Kim, 2015. showed that the minimum entropy generation or the entransy 

dissipation does not represent the optimum performance for a counter-flow heat exchanger while 

the minimum entransy dissipation-based thermal resistance corresponds to the maximum heat 

transfer rate. It is found that the behavior of entropy generation is very similar to that of entransy 

dissipation.  

The aim of the present research is the application, calculation and analysis of the concept 

of entransy dissipation rate to shell and double concentric tube heat exchanger at certain 

conditions. 

 

2. THEORETICAL BACKGROUND 

Entransy can be related to enthalpy by the following equations, ,Mingtian, 2011. 

 

                                     (1) 

      ̇                                   (2) 

 

 The shell and double concentric tube heat exchanger is assumed to work under adiabatic 

condition. 

 Entransy dissipation rate as a result of heat conduction in the considered heat exchanger 

can be written for the shell side as: 

 ̇   ∫ ( ̇     )  
      

       
  ∫ ( ̇        )  

      

       
  

 

 
 ( ̇   ) (         

             
 )        (3)

                                     

 

while for the outer tube it can be written as: 

 ̇   ∫ ( ̇     )  
      

       
  ∫ ( ̇        )  

      

       
  

 

 
 ( ̇   ) (         

             
 )        (4)
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and finally for the inner tube side: 

 ̇   ∫ ( ̇     )  
      

       
  ∫ ( ̇        )  

      

       
  

 

 
 ( ̇   ) (         

             
 )        (5)

           

 

And the equation for the total entransy as a result of heat transfer is: 

 ̇    ̇    ̇    ̇   
 

 
  ( ̇   ) (         

             
 )    

 
 

 
( ̇   ) (         

             
 )                           (6) 

 

 Since the hot oil is divided into two parts, one part flows in the shell side and the other 

part flows into the inner tubes, and since the temperature readings represent the inlet one of the 

hot oil while the outlet one represents the hot oil reading after mixing the two streams of hot oil, 

then the first two terms can be added together and equation (6) can be written as: 

 

 ̇   (    )  (         
             

 )  
 

 
 ( ̇   ) (         

             
 )                              (7) 

 

Flow friction in heat exchanger causes also entransy dissipation rate. Assuming a finite 

pressure drop between inlet and outlet sides, and the flow is adiabatic and stationary. Then: 

 

                             (8) 

 

And the entropy dissipation rate due to friction is given by: 

 

 ̇   ∫  ̇
       

      

 

 
                   (9) 

 

 Replacing the temperature with the logarithmic mean temperature difference, assuming 

incompressible fluid: 

 

 ̇   
  ̇         

 
                (10) 

 

where:                         
   

 Considering the shell and double concentric heat exchanger studied, the entransy 

dissipation rate due to friction is given by the following equation: 

 

 ̇  (
  ̇     

 
)
 

                      

                          
 

 

 (
  ̇     

 
)
 

                      

                          
 (

  ̇     

 
)
 

                      

                          
                                             (11) 

               

 As mentioned above, the first two terms of equation (11) can be added to give the 

following equation: 
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             (12) 

             

                                                                                

 

 The total entransy dissipation rate due to both heat transfer and fluid friction can be 

written as: 

 

 ̇        ̇    ̇                (13) 

   

 The entransy dissipation number can be introduced as the heat exchanger performance 

criteria, where: 

 

 ̇ 
   

 ̇ 

 ̇(                   )
               (14) 

 

where,           and           represent the maximum hot inlet temperature and the minimum cold 

inlet temperature, respectively. 

  

 According to Li Xuefang et al in 2011, eq. (14) can be written in another form as: 

 

 ̇ 
   

 ̇ 

 (    ) (                    )
             (15) 

       

 

where,      
                         

                                   
 

 

 3. EXPERIMENTAL WORK 

The laboratory unit of the shell and double concentric tube heat exchanger was built in the 

laboratories of Chemical Engineering Department, College of Engineering, University of 

Baghdad. It included: the heat exchanger, tanks with their heating coils to heat the oil, water 

tank, measuring instruments and control panel of temperature, flow rate and pressure drop. The 

heat exchanger was designed to perform counter currently, where the hot oil passed through the 

concentric tubes and the shell, while the cold water passed through the new construction or the 

annulus formed between the concentric tubes. The heat exchanger unit was built in the 

laboratories of Chemical Engineering Department, College of Engineering, University of 

Baghdad. 

The new heat exchanger design was conducted according to Kern method. The volumetric 

flow rates were 4 m
3
/hr and 8.35 m

3
/hr for the hot oil and water respectively. The hot oil inlet 

temperature to the heat exchanger was 80ºC to 120ºC, while for water the inlet and outlet 

temperatures was 20ºC. 

The experimental parameters studied were: temperature, flow rate of hot oil, and pressure 

drop. The temperatures studied were: 80ºC to 120ºC with an increase of 20ºC for each stage. For 

each temperature, the volumetric flow rate of hot oil was changed from 0.822 kg/m
3
 to 0.274 

kg/m
3
. For cold water, the change in volumetric flow rate of water was 40l/min to 80l/min with 

an increase of 20l/min for each stage. 
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       The test section was a shell- and - double concentric tube heat exchanger with 

dimensions of 1.3 m in length and 1.08 m effective tube length. 

The shell and double concentric tube heat exchanger was designed for counter flow 

configuration. The heat exchanger constituted of: a bundle of 16 carbon steel tubes of 20 mm 

inside diameter and 25 mm outside diameter was used; the tubes are distributed as a triangular 

30

 tube pattern. The clearance between two adjacent tubes is 6.25 mm, with the tubes pitch of 

31.25 mm. A second bundle of 16 carbon steel tubes of 6 mm inside diameter and 10 mm outside 

diameter, were added concentrically in each of the mentioned tubes.      Plate of carbon steel with 

8 mm thickness was used to construct the shell. The shell inner diameter is 203 mm, and the 

shell outer diameter is 220 mm. Baffles of thickness 6 mm were spaced by a distance of 100 mm. 

The free section left was of 25%. Two fluids were used to complete the cycle of the heat 

exchanges. The first one which passed through the shell side and the inner tubes side is forty 

stock oil (lube oil) from Dorra Refinery, while the other counter current stream is water. Figure 

(1) shows the concentric tubes arrangement of the heat exchanger studied. 

      The parameters to be measured during the test were: 

1. The inlet and outlet temperatures of the tube side (inner and annulus) and shell side. 

2. The inlet and outlet pressures of the tube (inner and annulus) side and shell side.  

3. The flow rates of the tube side and the shell side. 

The cold and hot oil are switched at the same time and the required flow rate was set. 

 After reaching the steady state conditions, the flow rate of cold water in the annulus is 

fixed, and the hot oil temperature is set by a thermostat. The range of hot oil temperature studied 

is 120-80°C with a step change of 20°C. The flow rate of hot oil is regulated. The temperatures 

of water are recorded with the variation in flow rate. The inlet and outlet pressures are also 

measured. The procedure was repeated with the change in flow rate of cold water. 

 

4. RESULTS AND DISCUSSION 

Table (1.a) to table (3.c) give the results of equation (7) for different inlet oil 

temperature, constant flow rate of cold water and inlet temperature of cold water. 

Plotting the entransy dissipation rate of table (1.a) to table (3.c) against the outlet 

temperature of the hot stream, an increase in the entransy dissipation rate is pronounced with the 

temperature as shown in Fig. 2 to Fig. 10.  

 Fig. 2 to Fig. 10 shows that there is almost a unique trend, where an increase at 

the beginning, a maximum value and finally a decrease is noticed. This is in accordance with an 

increase in the heat transfer process with the flow of the hot oil in both the inner tubes and the 

shell counter-currently with the cold water in the annulus. It must be known that the entransy is 

dissipated due to the irreversibility of the heat transfer process. Also, it should be noted that 

increasing or improving the heat transfer performance of a heat exchanger normally corresponds 

to an increase in its heat transfer area and to a reduction in its cost due to the decrease in its mass 

or compactness. The newly used heat exchanger provides all the above mentioned parameters. 

From figures 2 to 10 it can be deduced that the higher the entransy dissipation rate the smaller is 

the reversibility in the heat exchanger. This was in agreement with ,Jiangfeng, and Mingtian, 

2012.   
 

The hot oil flow rate was plotted vs. entransy dissipation rate in Fig.11. The dissipation 

rate shows the same trend, where a maximum is noticed for a certain value of flow rate. 

According to ,Li Xuefang et al., in 2011. the reduction in the irreversible entransy dissipation 

rate is gained by increasing the heat transfer area with the minimum possible flow rate. 
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 Using Eq.(12), the entransy dissipation rate due to friction effect or pressure drop across 

the heat exchanger is shown in Fig.12. It is shown that a small difference is found for all the 

experiments. 

Comparing the values of entransy dissipation rate due to heat transfer with that due to 

pressure drop shows that the last can be neglected. This proves that heat transfer plays the great 

role in calculation of entransy dissipation rate. These findings were in agreement with 

,Jiangfeng and ,Mingtian, 2012. viewpoint. Thus it is important to optimize the heat exchanger 

design according to the heat transfer process. 

It is must be noticed that to get the most optimum thermodynamically performance of a 

process, it is very important to minimize the entransy dissipation rate. Thus working in the range 

before maximum values in figures 2 to 11 will give such phenomena. 

Entransy dissipation number can be calculated from Eq.(14). The results are represented 

in Fig. 13. The figure showed that entransy dissipation number values ranged from 3 to more 

than 9. The figure also showed that the values of entransy dissipation number decreased with the 

increase in heat transfer rate for the cases studied (80°C hot oil inlet temperature, 20°C cold 

water inlet temperature and three values of cold water flow rate; 0.667, 1 and 1.334 kg/s). 

According to ,Guo JiangFeng et al., 2009. the decrease in the entransy dissipation number leads 

to an increase in the effectiveness of the heat exchanger. Or, it can be said that increasing the 

entransy dissipation number will increase the effectiveness of the heat exchanger. Considering 

the thermodynamics point of view of this process, entransy dissipation number can be used to 

assess the performance and effectiveness of such heat transfer process.    

 

5. CONCLUSIONS 

 A study was made to analyze the idea of entransy dissipation rate on a shell and double 

concentric tubes heat exchanger. The study included both entransy dissipation rate due to heat 

transfer and that due to friction or pressure drop. It was found that the first played the greatest 

role in the calculations in comparison to that of friction or pressure drop. 

 The study also showed that there was a decrease in the value of entransy dissipation 

number with the increase in heat transfer rate, which emphasize the increase in the effectiveness 

of heat exchanger. 
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NOMENCLATURE 

 

Cp = specific heat, J/Kkg 

E = Entransy 

 ̇  = Entransy Dissipation Rate due to friction or pressure drop, WK 

 ̇  = Entransy Dissipation Rate due to heat transfer, WK 

 ̇      = Total entransy dissipation, WK 

 ̇ 
  = Entransy dissipation number 

 ̇ = Mass flow rate, kg/s 

 ̇ = Heat transfer rate, J/s 

T = Temperature, K 

         = Hot oil inlet temperature, K 

           = Hot oil outlet temperature, K 

         = Cold water inlet temperature, K 

         = Cold water outlet temperature, K 

   = Pressure drop, Pa 

ρ = Density, Kg/m
3 

ε = Heat exchanger effectiveness 

 

 

Table (1.a) Entransy dissipation rate for hot oil inlet temperature of 80˚C, 0.667 kg/m
3
 flow rate 

of cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside, 

 K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 300 322 25.33 

0.685 299.5 321 26.17 

0.548 299 317 23.27 

0.411 298 314 18.71 

0.274 297 309 13.75 

   

Table (1.b) Entransy dissipation rate for hot oil inlet temperature of 100˚C, 0.667 kg/m
3
 flow 

rate of cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 302 331.5 20.52 

0.685 301 329 21.02 

0.548 300 328 18.01 

0.411 299 325 14.24 

0.274 298 320 11.19 
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Table (1.c) Entransy dissipation rate for hot oil inlet temperature of 120˚C, 0.667 kg/m
3
 flow 

rate of cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 305 335 11.73 

0.685 303 332 12.73 

0.548 302 329.5 11.3 

0.411 301 328 8.315 

0.274 300.5 324 5.28 

 

Table (2.a) Entransy dissipation rate for hot oil inlet temperature of 80˚C, 1 kg/s flow rate of 

cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6

 

0.822 301.5 330 26.8 

0.685 300 326 27.55 

0.548 299 324 25.5 

0.411 298 322 19.61 

0.274 297 316 14.69 

 

Table (2.b) Entransy dissipation rate for hot oil inlet temperature of 100˚C, 1 kg/s flow rate of 

cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 299.5 321 17.01 

0.685 298.5 318 18.14 

0.548 297 314 15.55 

0.411 296.5 312 12.18 

0.274 295.5 307 9.55 

 

Table (2.c) Entransy dissipation rate for hot oil inlet temperature of 120˚C, 1 kg/s flow rate of 

cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 304 333 10.25 

0.685 302 330 11.78 

0.548 300.5 326 12.15 

0.411 299.5 323 9.74 

0.274 298 318 7.56 

 

Table (3.a) Entransy dissipation rate for hot oil inlet temperature of 80˚C, 1.334 kg/s flow rate of 

cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 299 320 28.07 

0.685 297.5 316 28.79 
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0.548 297 314 23.85 

0.411 296 311 19.54 

0.274 295 306 14.84 

 

Table (3.b) Entransy dissipation rate for hot oil inlet temperature of 100˚C, 1.334 kg/s flow rate 

of cold water and 20˚C inlet temperature of cold water. 

M1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 301 329 16.07 

0.685 299.5 326 17.6 

0.548 298.5 323 14.66 

0.411 297 319 13.47 

0.274 296 315 9.92 

 

Table (3.c) Entransy dissipation rate for hot oil inlet temperature of 120˚C, 1.334 kg/s flow rate 

of cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 302 332 10.32 

0.685 301 329 10.69 

0.548 300 325 10.63 

0.411 299 322 8.46 

0.274 297 317 7.53 

 

 

 
 

Figure 1 The concentric tubes arrangement. 
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      Figure 2. Entransy dissipation rate vs.                     Figure 3. Entransy dissipation rate vs. 

       T1outside for 0.667 kg/s flow rate and                        T1outside for 0.667 kg/s flow rate and 

      20˚C inlet temperature of cold water.                       20˚C inlet temperature of cold water. 

 

 
      Figure 4.  Entransy dissipation rate vs.                   Figure 5. Entransy dissipation rate vs.  

              T1outside for 0.667 kg/s flow rate and                         T1outside for 1 kg/s flow rate and 20˚C 

              20˚C inlet temperature of cold water.                            inlet temperature of cold water. 

 

 
      Figure 6. Entransy dissipation rate vs.                      Figure 7. Entransy dissipation rate vs. 

          T1outside for 1 kg/s flow rate and 20˚C                     T1outside for 1 kg/s flow rate and 20˚C   

              inlet temperature of cold water.                              inlet temperature of cold water.  
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Figure 10.  Entransy dissipation rate vs. T1outside for 1.334 kg/s flow rate and 20˚C inlet 

temperature of cold water. 

 

 
Figure 11.  Entransy Dissipation Rate vs. Hot Oil Flow Rate. 

 

14

16

18

20

22

24

26

28

30

32

305 310 315 320 325

En
tr

an
sy

 R
at

e
 D

is
si

p
at

io
n

 *
1

0
^

-6
 

W
K

 

T1outside, K 

7

7.5

8

8.5

9

9.5

10

10.5

11

11.5

315 320 325 330 335

En
tr

an
sy

 R
at

e
 D

is
si

p
at

io
n

 *
1

0
^

-6
 

W
K

 

Thoutside, K 

0

5

10

15

20

25

30

35

0.25 0.35 0.45 0.55 0.65 0.75 0.85

En
tr

an
sy

 D
is

si
p

at
io

n
 R

at
e*

1
0

-6
 

Hot Oil Flow Rate kg/s 

80C,0.667kg/s

80C,0.667kg/s

80C,0.667kg/s

100C,1kg/s

100C,1kg/s

100C,1kg/s

120C,1.334kg/s

120C,1.334kg/s

120C,1.334kg/s



Journal of Engineering Volume   21  June  2015 Number 6 
 

                                                                                                                                                                                    

12 
 

 

 
 

Figure 12. Entransy Dissipation Rate of friction factor vs. Hot Oil Flow Rate. 

 

 
Figure 13. Entransy Dissipation number vs. Heat transfer rate. 
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ABSTRACT 

With the development of computer architecture and its technologies in recent years, 

applications like e-commerce, e-government, e-governance and e-finance are widely used, and 

they act as active research areas. In addition, in order to increase the quality and quantity of the 

ordinary everyday transactions, it is desired to migrate from the paper-based environment to a 

digital-based computerized environment. Such migration increases efficiency, saves time, 

eliminates paperwork, increases safety and reduces the cost in an organization. Digital 

signatures are playing an essential role in many electronic and automatic based systems and 

facilitate this migration. The digital signatures are used to provide many services and solutions 

that would not have been possible by the conventional hand-written signature.  

In the educational environment, the process of issuing the graduation certificates can no longer 

be restricted to the traditional methods. Hence, a computerized system for issuing certificates of 

graduation in an electronic form is needed and desired. This paper proposes a Graduation 

Certificates Issuing System (GCIS) based on digital signature technology. In doing so, this 

research highlights the state-of-the-art and the art-of-the-practice for some existing digital 

signature-based systems in the literatures. In addition, eight intertwined elected services are 

identified, namely: message authentication, entity authentication, integrity, non-repudiation, 

time stamping, distinguished signing authorities, delegating signing capability and supporting 

workflow systems. Moreover, this research examines nine existing systems, showing their 

merits and demerits in terms of these elected services. Furthermore, the research describes the 

architectural design using the Unified Modeling Language (UML) and provides the concrete 

implementation of the proposed GCIS. The GCIS is implemented using Visual Basic.Net 

programming language and SQL Server database management system.  

  

Keywords: digital signature, graduation certificates issuing system, unified modeling language. 
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على تقانة التوقيع الرقوي دوثيقة التخرج بالاعتوا رلإصذابناء نظام   

 

 أ. م. حاهذ هحوذ علي

 لسى ُْذسخ انذبسجبد

 كهٍخ انُٓذسخ / جبيعخ ثغذاد

حيذر فائز عبذ الكرينم.م.    

 لسى ُْذسخ انذبسجبد

 كهٍخ انُٓذسخ / جبيعخ ثغذاد

 د. هحوذ عصام يونسأ.م.

 لسى ُْذسخ انذبسجبد

انُٓذسخ / جبيعخ ثغذاد كهٍخ  

 

 الخلاصة

زطجٍمبد يثم انزجبسح الإنكزشٍَٔخ، انٔرمبَبرٓب فً انسُٕاد الأخٍشح، أصجذذ  نًعًبسٌخ انذبسٕةيع انزطٕس انعهًً انٓبئم 

 ٔثبنُزٍجخ انذكٕيخ الإنكزشٍَٔخ، انذٕكًخ الإنكزشٍَٔخ، ٔانزًٌٕم الإنكزشًَٔ يُطمخ نهجذث انعهًً انُشط عهى َطبق ٔاسع.

أصجخ نضايب انٓجشح يٍ انجٍئخ انٕسلٍخ إنى انجٍئخ انًذٕسجخ انًسزُذح إنى انشلًٍخ يٍ أجم صٌبدح جٕدح ٔكًٍخ انًعبيلاد انٍٕيٍخ 

انًُجضح. ْزِ انٓجشح رضٌذ يٍ انكفبءح، ٔرٕفش انٕلذ، ٔرهغً انًعبيلاد انٕسلٍخ، ٔرشفع دسجخ الأيبٌ، ٔرمهم يٍ انزكهفخ فً 

انزٕلٍعبد انشلًٍخ رهعت دٔسا أسبسٍب فً انعذٌذ يٍ الأَظًخ الإنكزشٍَٔخ ٔرسٓم ْزِ  شبسح انٍّ أٌانًؤسسخ. ٔيًب ٌجذس الا

رسزخذو انزٕلٍعبد انشلًٍخ كٕسٍهخ نزٕفٍش انعذٌذ يٍ انخذيبد ٔانذهٕل ٔانزً يٍ غٍش انًًكٍ رذمٍمٓب ثٕاسطخ  .انٓجشح

 انزٕلٍعبد انٍذٌٔخ انزمهٍذٌخ.

فً انجٍئخ انزعهًٍٍخ. ٔثبنزبنً، أصجخ  ( انزخشج لا ًٌكٍ أٌ رجمى يمزصشح عهى انطشق انزمهٍذٌخإٌ عًهٍخ إصذاس ٔثبئك )شٓبداد

ثُبء َظبو لإصذاس  انجذثمزشح ْزِ ٌنضايب رٕفٍش َظبو يذٕست لإصذاس ٔثبئك انزخشج فً شكم انكزشًَٔ. عهى ْزا انُذٕ، 

رسهٍط انضٕء عهى دبنخ ثعض  جذثان ٌزجُى ْزابنمٍبو ثزنك، ٔث .ثبلاعزًبد عهى رمبَخ انزٕلٍع انشلًً ( GCIS ) ٔثبئك انزخشج

 فضلا عٍ رنك، ٌذذد ْزا انجذث ثًبٍَخ خذيبد يُزخجخ ٔيزشبثكخ، ًْ: الأَظًخ انًسزُذح عهى انزٕلٍع انشلًً ٔٔالعٓب انعًهً.

ٕلٍع دست انصلادٍخ أ يصبدلخ انشسبنخ، يصبدلخ انكٍبٌ, انُضاْخ, عذو انزُصم، خزى انٕلذ، سهطخ انزٕلٍع انجضئٍخ )انز

 جذثان ٌسهط ْزاانًسؤٔنٍخ(، ٔرفٌٕض انمذسح عهى انزٕلٍع )انزخٌٕم ثبنزٕلٍع(، ٔدعى َظى سٍش انعًم. ٔعلأح عهى رنك ، 

، أخٍشا جٍٍ يضاٌب ٔعٍٕة كم يُٓب ثبلاعزًبد عهى انخذيبد انًُزخجخ اََفخ انزكش.ٌرسعخ يٍ انُظى انمبئًخ ، ٔانضٕء عهى 

ٔرٕفش انزُفٍز انًهًٕط نهُظبو انًمزشح. ٔيٍ  ( UML ) صًٍى انًعًبسي ثبسزخذاو نغخ انًُزجخ انًٕدذحانز انجذثصف ٌ

َٔظبو إداسح لٕاعذ انجٍبَبد  Visual Basic.NET )انجذٌش ثبنزكش, إٌ انُظبو انًمزشح رى رُفٍزِ ثبسزخذاو نغخ انجشيجخ ) 

(SQL Server  .)   

 

 ، َظبو إصذاس ٔثبئك انزخشج، نغخ انًُزجخ انًٕدذح.انشلًًانزٕلٍع  : الرئيسية الكلوات

 

 

1. INTRODUCTION 

Organizations have been trying to move from a paper-intensive environment to a paper-free 

environment. Word processors have replaced the writing pad and pen, spreadsheet applications 

have replaced manual spreadsheets, and e-mails have supplanted handwritten letters. 

Organizations are moving away from the traditional, time consuming paper processes and 

searching for new and innovative technology to improve efficiency ,Zupan, 2006. As digital 

technologies continue to develop rapidly, this impact on many daily tasks which rely on 

technology. Many of the paper-based documents are being gradually replaced by their 

electronic versions, such as e-Tickets, e-mail, online (internet) banking and e-Portfolios. These 

technologies are powerful, flexible and bring huge advantages ,Chen-Wilson, et al., 2011. 
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Nowadays various applications such as banking, sale-purchase and stock trading are increasing 

day by day and emphasizing on electronic transaction to minimize the operational cost and 

increasing the services. This need has led to the development of the new notion of electronic 

document that can be generated, processed and stored in computers and transmitted over the 

net. The information transmitted over these documents can be susceptible and thus need to be 

protected from intruders and malicious third parties. Traditionally, in paper document this kind 

of protection is provided by the written signature and thus it authenticates the document for the 

communicating parties. For electronic documents, this facility is provided by means of digital 

signature. Using the digital signature algorithms can provide authenticity and validation to the 

electronic document ,Shukla, et al., 2012. With the development of computer engineering and 

technology, e-commerce, e-government and e-finance are widely used. Digital signatures are 

playing an important role in many electronic and automatic based applications ,Wang and He, 

2010. Therefore, the migration from the paper-based systems to the electronic or digital-based 

systems emphasizes the need for the digital signature ,Fazlagic, 2010. 

Digital signatures can significantly benefit organizations by eliminating the last of the paper in 

the business cycle. The ability to instantly sign and seal documents and transactions 

electronically results in much shorter process cycle times, accelerated customer service and 

drastic cost savings. Digital signatures provide enhanced convenience for both the customer 

and the organization, while significantly reducing application processing time ,Zupan, 2006. 

The remainder of this paper is organized as follows: Section 2 highlights literature review. In 

addition, this section presents the problem statements and the motivation of this research work. 

Section 3 presents the additional elected services that must be provided by the digital signature 

beside the basic services. Section 4 gives the art-of-the-practice of related works. Section 5 

gives the architectural design of the proposed system. Section 6 discusses the implementation 

issues. Section 7 gives a comparison of the proposed system against the existing works. Section 

8 gives the conclusion. Finally, Section 9 gives recommendations for future works. 

 

2. LITERATURE REVIEW 

Since the introduction of the concept of "digital signature" by Diffie and Hellman in their 

classic paper "New Directions in Cryptography" ,Diffie, and Hellman, 1976, this subject has 

been widely studied and employed in different systems. This section briefly describes the major 

developments. 

Josang and AlFayyadh, 2008, proposed a method for WYSIWYS (What You See Is What You 

Sign) that ensures the integrity of digital documents and their digital signatures. This method 

can only be directly applied to documents written with traditional American Standard Code for 

Information Interchange (ASCII) characters. The WYSIWYS property articulates that the bit 

representation of digital documents must be visualized consistently and as intended to the 

signer by the digital signature system. ,Zefferer and Knall, 2010. introduced a circular 

Resolution Database System (RDS). The circular RDS is based on the Austrian citizen card 

concept and makes use of qualified electronic signatures that provide means for secure 

authentication of users as well as for electronic signing of digital documents. ,Kang  and Han, 

2010. proposed a Threshold Proxy Signature Scheme (TPSS). The TPSS uses a warrant, which 

is agreed and signed by the original signer and all proxy signers together. In a proxy signature 
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scheme, the original signer is allowed to authorize a designated person as his/her proxy signer, 

and then the proxy signer is able to sign on behalf of the original signer. Fazlagic and ,Fazlagic, 

2010. proposed a Delegating Digital Signing Capability Mechanism (DDSCM) during a 

workflow process taking into account the need for verification of digital signature and 

document integrity after a document is archived. ,Zhou, et al., 2010. proposed a Threshold 

Signature Scheme (TSS) with distinguished signing authorities. The proposed scheme not only 

has the property of threshold signature generation, but also has the property of threshold 

signature verification. Furthermore, the proposed scheme is a group oriented signature scheme 

with distinguished signing authorities, in which the signers do not have to sign the whole 

documents but only a part of the document. ,Liu, et al., 2011, proposed a Multi-Proxy 

Signature Scheme (MPSS) with proxy revocation. The MPSSs are very useful tools when an 

original signer needs to delegate his/her signing capability to a group of proxy signers. The 

proxy revocation means the revocation of delegated rights for the situation where proxy signer 

or signer’s key is compromised and the delegated rights are abused. It may also happen that the 

original signer wants to terminate the delegated rights before the expiration of the delegation 

period. Chen  and Lin, 2011, proposed an Electronic Medical Record (EMR) system with a re-

signing scheme which is used to make a going-expired digital signature been resigned in time, 

in keeping with the premise of not conflicting with the laws, morals and privacy while 

maintaining the security of the EMR system. ,Feng, et al., 2011. proposed a Multi-Policy 

Threshold Signature Scheme (MPTSS) with distinguished signing authorities. In this scheme 

two groups can sign and verify each other, so the scheme is two-way signing and verifying. 

Moreover, the threshold values of the two groups can change with the security classification of 

the signing document and every discretionary signatory only signs a small part of the document 

instead of the whole one. ,Zhang, et al., 2012. proposed a provably secure Certificateless Proxy 

Signature Scheme (CLPSS). A proxy signature scheme allows a proxy signer to sign messages 

on behalf of an original signer within a given context. The Certificateless Public key 

Cryptography (CL-PKC) has the advantages of no certificate management and no key escrow 

compared with traditional public key cryptography and identity-based public key cryptography 

respectively. 

 

2.1 Problem Statements and Motivation 

The processes of issuing the various documents are still in a paper form and have been done in 

a manually and routinely manner that does not fit with the technological progress and the 

current age requirements and variations. Moreover, using paper-based systems is a costly 

process and causes waste of precious time including the possibility of damaging and losing of 

paper documents. Furthermore, the archiving process for the increasing stacks of document 

papers would become very difficult to look after or sort out. The switching from paper based 

work to a fully computerized work is not without difficulties. As a result, many systems have 

been developed in the recent years. Eight intertwined elected services will be identified; 

namely: message authentication, entity authentication, integrity, non-repudiation, time 

stamping, distinguished signing authorities, delegating signing capability and supporting 

workflow systems.Useful works have been done in the literature as reviewed in the previous 

section. However, these systems are missing a number of services. Moreover, the combination 
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of all the elected services is missing in the benchmarked systems. This combination is a 

challenging process that stresses the need of a computerized workflow. Motivated by such 

challenge, this research aims to solve the manual work problems and provide the combination 

of the elected digital signature services mentioned before by adopting a system for issuing the 

graduation certificates in the educational environment.  

 

3. DIGITAL SIGNATURE SERVICES 

Digital signature services include message authentication, message integrity, non-repudiation 

and message confidentiality. A digital signature can directly provide the first three; for message 

confidentiality it is still a need for using encryption/decryption techniques. Also, a digital 

signature scheme can provide the entity authentication. However, ordinary digital signature 

schemes are not quite enough to satisfy some practical needs ,Hwang, et al., 2013. Thus, there 

are other services related to digital signature include time stamping, distinguished signing 

authorities, delegating signing capability and supporting workflow systems. 

 

3.1 Message Authentication 

A digital signature scheme can provide message authentication (also referred to as data-origin 

authentication). Bob can verify that the message is sent by Alice because Alice’s public key is 

used in verification. Alice’s public key cannot verify the signature signed by Eve’s private 

key ,Forouzan, 2010. Digital signatures can be used to authenticate the source of documents or 

messages (i.e., authentication of a device, a message sent by the device and/or a person sending 

the message); by creating a digital signature of a message using the private key, which can be 

verified using the public key. The relationship of a public key to a user's private key allows a 

recipient to authenticate and validate a sender's message. As ownership of secret key(s) is 

bound to specific users, valid signatures guarantee that a document was signed by that 

user ,Ahmed, et al., 2012 and ,Singh, et al., 2012. 

 

3.2 Entity Authentication (Identification) 

Entity authentication is a technique designed to let one party prove the identity of another party. 

An entity can be a person, a process, a client or a server. The entity whose identity needs to be 

proven is called the claimant; the party that tries to prove the identity of the claimant is called 

the verifier. Entity authentication is required when Alice gets cash from an automatic teller 

machine. Entity authentication happens in real time and authenticates the claimant for the entire 

duration of the session ,Forouzan, 2008. 

Entity authentication is the security process that validates the identity of the communicating 

party. In the simplest implementation, this takes the form of a password ,Banday, 2011. The use 

of a password is the simplest and oldest method of entity authentication. In password 

authentication, the claimant proves his/her identity by demonstrating that he/she knows a secret, 

the password ,Forouzan, 2008. Entity authentication can also be achieved using a digital 

signature. When a digital signature is used for entity authentication, the claimant uses his/her 

private key for signing and the verifier must use the public key of the claimant for the purpose 

of verification ,Forouzan, 2007. 
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3.3 Message Integrity 

The integrity of the message is preserved even if the whole message is signed because it is 

infeasible to get the same signature if the message is changed. The digital signature schemes 

use a hash function in the signing and verifying algorithms that preserves the integrity of the 

message ,Forouzan, 2007. A valid digital signature can assure the recipient the origin and the 

integrity of a message ,Wu, et al., 2013. 

 

3.4 Non-repudiation 

A trusted third party is used to solve many problems concerning security services. The digital 

signature with a trusted third party could be used for achieving non-repudiation service ,Wu, et 

al., 2013. If in the future Alice denies that she sent the message, the center can show a copy of 

the saved message. If Bob’s message is a duplicate of the message saved at the center, Alice 

will lose the dispute ,Forouzan, 2007. 

 

3.5 Time Stamping 

One of the major drawbacks of digital signatures is the fact that there is no inherent certainty 

about date and time at which a document was signed. A signer may have included a time stamp 

with the signature. The document itself may also have a date mentioned on it. However, later 

readers cannot be certain the signer did, for example, backdate date and time of the signature. 

Trusted time stamping in addition to digital signatures is needed to prevent such cases of 

misuse ,Sageder, et al., 2008. A time stamping service supports assertions of proof that a datum 

existed before a particular time. One of the major uses of time stamping is to time stamp a 

digital signature to prove that the digital signature was created before a given time ,Mir , and 

Banday, 2012. In many situations, people need to certify that a document existed on a certain 

date. Thus, the digital signatures are improved by including the time stamps. In doing so, the 

date and time of the signature are attached to the message and signed along with the rest of the 

message ,Schneier, 1996. 

 

3.6 Distinguished Signing Authorities 

For the sake of labor-division and responsibility sharing inherent in certain applications and the 

group works, every discretionary signatory within the group might be required to sign or read 

the partial document instead of the whole document ,Feng, et al., 2011. Under this scenario, the 

document is divided into several parts and each signer signs only on the part which he is 

responsible for where each signer signs a partial document that he is responsible for ,Chien, 

2005. Each group member is responsible for his or her own signing of a partial document or 

message ,Yoon, and Yoo, 2006. For example, a company releases a document that may involve 

the financial department, the marketing department and the program office. Each entity signs 

the partial message related to his work. Each signer signs the section message that he is 

responsible for ,Huang and Chang, 2005. 
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3.7 Delegating Signing Capability 

In the digital world, the original signer delegates its signing capabilities to another person. For 

example, a manager can delegate to his staff member the right to sign certain documents during 

his absence, who can sign documents as a proxy signer on behalf of the manager. In such digital 

schemes referred to as proxy signature schemes, the original signer is able to delegate his 

signing capability to a designated person. This concept is referred to as one-to-one proxy 

signature ,Fazlagic, 2010. In a proxy signature scheme, an original signer can delegate his or 

her signing capability to a proxy signer and then the proxy signer can generate a valid signature 

on behalf of the original signer ,Liu, et al., 2011. The simplest approach to achieve the main 

goal of a proxy signature scheme is for the designator (original signer) to give its secret key to 

the proxy signer, who can then use it to sign messages. In this case proxy signatures are just 

standard signatures, and can be verified the usual way. This scheme called full delegation in the 

literature ,Boldyreva, et al., 2012. 

 

3.8 Supporting Workflow Systems 

Nowadays, information systems must be able to deal with a highly dynamic environment. 

Traditionally, workflow systems have been used by business organizations to support the 

execution of business processes. In workflow literature each business process can be separated 

into a set of well-defined and inter-related tasks. By controlling task execution the workflow 

system ensures sequential signing. Using this workflow functionality along with digital 

signature schemes provides a mechanism for multiuser document signing. Usually, definition of 

the workflow process predefines the order of signing the documents. Workflow systems must 

be able to handle digital signatures for different purposes. For example, workflow processes 

frequently need multiple signers to sign the same electronic document, in line with the 

organizational structure. Digital signature scheme also should support document verification 

during and after workflow process execution ,Fazlagic, 2010. 

 

4. RELATED WORK IN PRACTICE  

This section gives the art-of-the-practice of the up-to-date digital signature-based systems. The 

following subsections contain a brief description of the components and features of these 

systems according to the elected digital signature services, namely: the message authentication, 

the entity authentication, the integrity, the non-repudiation, the time stamping, the distinguished 

signing authorities, the delegating signing capability and the supporting of workflow systems 

services. 

4.1 Features of the What You See Is What You Sign (WYSIWYS) System 

Based on the elected services, the WYSIWYS system provides the message authentication, the 

entity authentication, the integrity and the non-repudiation services. However, WYSIWYS does 

not support the time stamping, the distinguished signing authorities, the delegating signing 

capability and the workflow systems services ,Josang, and AlFayyadh, 2008. 
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4.2 Features of the Circular Resolution Database System (RDS) 

The circular RDS comprises features to create, publish and maintain electronic documents. The 

main objective of this system is to increase the security of basic operations like user 

authentication and the signing of digital documents. The circular RDS solution incorporates 

qualified electronic signatures for two purposes. On the one hand, the application of qualified 

electronic signatures is used to unambiguously and securely authenticate users by means of a 

citizen card based two-factor authentication. On the other hand, created and maintained 

resolutions are electronically signed in order to guarantee integrity and non-repudiation of the 

particular data ,Zefferer and Knall, 2010. In addition, the entity authentication is supported in 

this system. The workflow service being one of the core components of the entire RDS is 

responsible for all tasks concerning the creation, signing and publishing of resolutions. 

However, the time stamping, the distinguished signing authorities and the delegating signing 

capability are not supported in this system. 

 

4.3 Features of the Threshold Proxy Signature Scheme (TPSS) 

The TPSS is a (t; n) threshold proxy signature scheme. In a (t; n) threshold proxy signature 

scheme, the original signer can authorize (n) members of a proxy group. Moreover, only the 

cooperation of (t) or more proxy members is allowed to generate the proxy signature. In the 

TPSS, a warrant agreed and signed by the original signer and all proxy signers together has 

been used. The computation complexity and communication cost of the scheme have nothing to 

do with the size of the proxy group. Moreover, the verification of proxy signature is divided 

into two steps, one is the verification of the warrant; the other is the verification of the proxy 

signature. Having these properties, the proposed TPSS has less computation and 

communication cost, compared with previously proposed schemes based on discrete 

logarithms. It is more efficient and secure scheme ,Kang, and Han, 2010. The TPSS ensures 

the message authentication, the entity authentication (identities of the original signer and the 

proxy signers), the integrity of the massage, the non-repudiation and the delegating signing 

capability services. However, the TPSS does not support the time stamping, the distinguished 

signing authorities and workflow systems services. 

 

4.4 Features of the Delegating Digital Signing Capability Mechanism (DDSCM) in 

Workflow Systems 

The dynamic nature of business processes imposes the need for the workflow management 

system (WfMS) to be able to modify a process model at run-time to deal with exceptional 

situations and adjust to the changing business policies. A fully computerized workflow 

processes with a digital signature technology used to provide authenticity and the integrity of 

electronic documents throughout the document life cycle. The delegating digital signing 

capability service is achieved by using an appropriate proxy scheme integrated with the 

WfMS ,Fazlagic, 2010. Furthermore, the time stamping and non-repudiation services are 

supported in this system. However, the service of distinguished signing authorities is not 

supported in this system. 
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4.5 Features of the Threshold Signature Scheme (TSS) with Distinguished Signing 

Authorities 

In most signature schemes, the signer and the verifier of a signature may be a single person. 

However, when one message is exchanged between one organization and another organization, 

the message may require the approval or consent of several members. Under this scenario, the 

signature generation and verification require more than one consenting rather than by a single 

member. Threshold signature schemes are introduced to solve this problem ,Zhou, et al., 2010. 

Based on elected services, the TSS with distinguished signing authorities provides the message 

authentication, the entity authentication, the integrity and the non-repudiation services. 

However, it does not support the time stamping, the delegating signing capability and the 

workflow systems services. 

 

4.6 Features of the Multi-Proxy Signature Scheme (MPSS) with Proxy Revocation 

In some cases, the original signer may delegate his or her signing power to a specified proxy 

group while ensuring individual accountability of each participant signer. The proxy signature 

scheme that achieves such purpose is called MPSS, and the signature generated by the specified 

proxy group is called multi-proxy signature for the original signer. The proxy revocation, i.e., 

the revocation of delegated rights is needed and it is important for the situation where proxy 

signer or signer’s key is compromised and the delegated rights are abused ,Liu, et al., 2011. 

The MPSS satisfies the message authentication, the entity authentication (the original signer 

and the proxy signers' identities), the integrity of the massage, the non-repudiation and the 

delegating signing capability services. However, MPSS does not support the time stamping, the 

distinguished signing authorities and workflow systems services. 

  

4.7 Features of the Electronic Medical Record (EMR) System 

The EMR is a digital format of the traditionally paper-based anamnesis (patient's record), which 

contains the complete medical case history of a patient such as his somewhat illness, current 

health problems and his chronic treatments. An electronic anamnesis is meant to make the 

patient’s health information more conveniently accessible and transferable between different 

medical institutions and also easier to be kept quite a long time. In regard to the security 

purpose, all the EMRs are embedded with both of the PKI cryptography and the digital 

signature technique so as to ensure the records well-protected ,Chen, and Lin, 2011. The 

digital signature that integrated to the EMRs system ensures the authentication, the data 

integrity and help to verify the non-repudiation of the content. In addition, the time stamping 

technique is supported in this system. However, the distinguished signing authorities, the 

delegating signing capability and the workflow systems services are not supported in this 

system. 

 

4.8 Features of the Multi-Policy Threshold Signature Scheme (MPTSS) with Distinguished 

Signing Authorities 

There are three trusted parties involved in the MPTSS: the system authority (SA), the document 

dispatcher (DD) and the signature collector (SC). SA is responsible for defining system public 

parameters and generating the private keys and the public keys for signing and verifying groups 

and their members. The tasks of DD are to divide the signing document into smaller 

subdocuments according to the significance of the document and choose the signatories within 
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the signing group for signing these subdocuments. The responsibilities of SC are to collect and 

verify individual signatures generated by the signatories, to check whether the contents of the 

whole document have been signed by these discretionary signatories, and to construct a group 

signature from the individual signatures ,Feng, et al., 2011. The MPTSS with distinguished 

signing authorities provides the message authentication, the entity authentication, the Integrity 

and the non-repudiation services. However, it does not support the time stamping, the 

delegating signing capability and the workflow systems services. 

 

4.9 Features of the Certificateless Proxy Signature Scheme (CLPSS) 

CL-PKC does not use public key certificates. It successfully solves the key escrow problem. In 

CL-PKC, a third party called Key Generation Center (KGC) is used to help a user to generate 

his private key. CL-PKC eliminates the need of certificates and does not suffer from the key 

escrow problem. Therefore, it is interesting to introduce proxy signatures into CL-PKC. 

Compared with proxy signature schemes in traditional public cryptography, CLPSS can 

eliminate the certificate verification and burdensome certificate management. Hence, CLPSS 

supports true non-repudiation ,Zhang, et al., 2012. The CLPSS ensures the message 

authentication, the entity authentication, the Integrity of the massage and the delegating signing 

capability (proxy signature scheme with delegation by warrant) services but it does not support 

the time stamping, the distinguished signing authorities and workflow systems services. 

 

5. THE ARCHITECTURAL DESIGN OF THE GRADUATION CERTIFICATES 

ISSUING SYSTEM (GCIS)  

The proposed GCIS performs different functions (activities); these functions are executed by 

specific users (actors). Therefore, the design of the GCIS will be described by using the UML 

diagrams to represent the interaction between the actors and the GCIS functions. The UML is a 

very helpful tool in developing a specific structure according to specific requirements. Based on 

the elected services related to the digital signature mentioned, the architectural design of the 

proposed GCIS will be constructed by the use case diagrams.  

The use case diagram specifies the functionality that the system has to offer from the 

perspective of users and defines what should take place inside the system. In addition, this 

diagram uses "actors" to represent the roles that users can play, and it also utilizes "use cases" 

to represent what users can do with the system. Thus, the use case diagram consists of two 

parts ,Al-Tameemi, 2010. 

1. Actor(s): It represents someone or something that acts in the system (i.e., human beings who 

will interact with the system). The classes of actors capable of using the system are 

presented in the next section. 

2. Use case(s): It is a special sequence of related transactions performed by an actor and the 

system in a dialogue. The use cases specify all interactions within the system. 

Fig. 1 shows the use case diagram of the proposed GCIS and the use cases related to each user. 

 

6. THE IMPLEMENTATION OF THE GCIS 

Before going into implementation details, it is necessary to mention that the Visual Studio 2008 

(Visual Basic.Net) with the .Net framework 3.5 is used to: 



Journal of Engineering Volume   21  June  2015 Number 6 
 

                                                                                                                                                                                    

34 

 

1. Construct the GUIs of the proposed GCIS to allow users to interact with the system. 

2. Implement the cryptographic algorithms with regard to the digital signature (RSA digital 

signature scheme) and the hash function (SHA-512) in addition to the encoding and 

decoding techniques (UTF-8). It should be mentioned that these cryptographic algorithms 

are invoked  by an industrial standard APIs' built in the "Microsoft .Net" framework.  

3. Access and manipulate the data or records stored in the tables of the GCIS within the SQL 

Server database. 

 

6.1 The Login GUI 

The users of the GCIS gain access to the resources of the system through the login GUI. For the 

purpose of entity authentication (identification) service, each user has a username and 

password. The users can login by entering a valid username and password as show in Fig. 2. 

The delegated user check box in the login GUI is checked only by the delegated signers for 

login process, so as distinguishing them from the original signers. 

 

6.2 The Administration GUI 

This GUI is used for generating and updating the RSA key pair for the users of the GCIS and to 

activate the delegating signing capabilities service. Fig. 3 shows the main administration GUI. 

The administrators is responsible for accomplishing the tasks related to this GUI. 

 

6.3 The Student's Information GUI 

There are two users (with stdinfo1 and stdinfo2 usernames) responsible for inserting (data 

entry) and updating the main students' information. The GCIS support the share access to the 

system's resources. In addition, the processes of the system could be performed simultaneously 

by multi-user due to adopting the client/server paradigm. Therefore, inserting and updating 

processes could be performed by stdinfo1 and stdinfo2 simultaneously without any conflict. 

Fig. 4 shows the data entry mode of the student's information GUI for a certain graduated 

student. 

 

6.4 The Student's Degrees 

There are two users (with stddeg1 and stddeg2 usernames) responsible for inserting and 

updating the students' degrees. After the login process the student's degrees main GUI will 

appear which indicates that there are a certain number (between the square brackets) of 

students' records ready for the inserting and/or updating degrees processes (four students' 

records are ready for degrees inserting process in our case study), as shown in Fig. 5. 

  

6.5 The Checking Process 

When the data entry process of the student's information and degrees records complete 

successfully then the checkers of the GCIS will be ready for accomplishing the checking 

processes in order to make sure that there are no mistakes exist in the students' information and 

degrees records. The checking processes could be done in parallel (i.e., simultaneously) by 

eight checkers; two checkers for each class. The checkers are responsible for reviewing the 

student's information, the student's degrees for the subjects, the attempt of each subject and the 

year related to the specific class. Fig. 6 shows the details of the checking GUI. 
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6.6 The Examination Board / Registration Unit Processes 

When the checking process is finished successfully for all the graduated students, then several 

processes should be performed by the examination board/registration unit before issuing the 

graduation certificates in their final form. Fig. 7 shows the main examination board/registration 

unit GUI and the processes related with it. Examination Board / Registration Unit Employees 

perform the following activities: 

1- Automatically, calculating the final averages and the ranks for the graduated students. 

2- Editing the syllabus for each class including the subjects' IDs, the subjects' names in English 

and Arabic languages, and the number of units for each subject. 

3- Specifying the types of the required graduation certificates for each student as part of the 

issuing process. These types include: the certificate of graduation and the transcript of 

records in Arabic and English languages.  

4- Printing the paper copies of the achieved graduation certificates. A soft copy for the finished 

graduation certificates will be available as a PDF file in addition to the HTML and ASP 

formats. 

 

6.7 The Final Graduation Certificates Issuing and Signing Processes 

After completing the pervious steps, all the required information for issuing the graduation 

certificates will be available. Therefore, the graduation certificates in their final form will be 

ready for signing. The signing process will be performed by the following signers (arranged 

according to the signing process sequence): the examination board member, head of the 

examination board, head of the department, the registers, the assistant dean, the dean, the issuer 

(performs the process of inserting the graduation certificate's number and date), and the 

manager of the higher studies and certifications, respectively. 

As in real word, the order of signers should be respected. This fact is taken into account within 

the internal design of the system. The verification process will be performed automatically for 

the digital signature of the previous signer. In case of an invalid signature, the signing process 

will be aborted until fixing the problem. Otherwise, in case of a valid signature, the graduation 

certificate will appear to the current signer for the reviewing and signing purposes, as shown in 

Fig. 8. 

 

7. COMPARISON OF THE GCIS WITH THE EXISTING DIGITAL SIGNATURE-

BASE  

Table.1 demonstrates the digital signature services of the GCIS compared with the existing 

systems and schemes. 

 

8. CONCLUSIONS  

In this research, a number of existing systems and schemes based on digital signature have been 

studied in terms of the elected services. Based on that, Graduation Certificates Issuing System 

(GCIS) has been proposed. The proposed GCIS overcomes the drawbacks in the existing 

systems and schemes. The proposed GCIS has been implemented by using Visual Studio 2008 

(Visual Basic.Net) with .Net framework 3.5, SQL Server 2005 database and Visual Paradigm 
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for UML 8. The proposed GCIS has been compared with the other digital signature based 

systems. The comparison showed the advantages of the proposed GCIS over the existing 

systems and schemes. In this paper, the desired elected services have been accomplished as 

shown below. 

 

8.1 Message Authentication (Data-Origin Authentication) Service  

The system provides a message authentication service through the verification processes for the 

digital signatures of the signers. This service is reflected in the GCIS through employing the 

cryptographic digital signature algorithms (RSA digital signature scheme). When the user 

(singer) signs data with digital signature (using his/her private key) someone else (other users) 

can verify this signature (using the associated signer's public key), and can prove that the data 

originated from the original user (singer) himself not from other user. 

 

8.2 Entity Authentication (Identification) Service 

The system provides the entity authentication service through utilizing the username and 

password for user (signer). Thus, the identity of each user (signer) will be validated or proven. 

This service is employed for the purpose of login process in order to gain access to the system’s 

resources. 

 

8.3 Integrity Service 

The system employed the digital signature algorithm for the purpose of signing and verification 

processes. The digital signature schemes imply the using of the one way hash function to 

provide the integrity service. Thus, any unauthorized change for the content of the data records 

will be detected and that will ensure that the received data are exactly as signed by the original 

signer. 

 

8.4 Non-repudiation Service  

Since the system is employing the client/server paradigm, a trusted database server in 

association with the digital signature technology has been used for providing the non-

repudiation service. Thus, the users of the system will not be to deny their activities within the 

processes of the system. 

 

8.5 Time Stamping Service 

The system provides time stamping services through using a stored procedure within the main 

database to return the current system date and time of the main server. This time stamp will be 

appended to the data record and digitally signed along with it. Thus, the time stamp service has 

been accomplished. In addition, the conflicts of the clients' computers time stamps have been 

avoided. 

 

8.6 Distinguished Signing Authorities Service 

The system provides the distinguished signing authorities service for the purpose of labor-

division, responsibility sharing, saving efforts and time. This service is exactly reflected in the 

checking process within the system, in which the student's degrees record has been checked by 
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separated groups of checkers (two checkers for each class). Thus, the signers (checkers) do not 

have to check and sign the whole student's degrees record but only a part of it. 

 

8.7 Delegating Signing Capability Service 

The system provides the delegating signing capability due to changing or absence of the 

original signer or for any other reason; therefore, another user (signer) will be delegated to sign 

the final graduation certificates. This service is exactly reflected in the system through filling 

the delegation form to designate another user (signer) for signing purposes instead of the 

original signer. 

 

8.8 Supporting Workflow Systems Service 

This system is divided into intertwined processes; the execution of each process is dependent 

on the previous process, which means it could not execute a certain process until completing 

the process which is related on. This service is reflected in the system, for example the student's 

degrees inserting process could not be performed until finishing the inserting process of the 

student's information. 
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EMR System (Chen and Lin,2011)         

MPTSS with Distinguished Signing 

Authorities (Feng, et al., 2011) 
        

CLPSS (Zhang, et al., 2012)         

The Proposed GCIS         

 

 

Figure 1. The use case diagram of the GCIS. 
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Figure 2. The login GUI of the GCIS. 

 

 

Figure 3. The administration GUI. 

 

 

 Figure 4 The student's information GUI. 
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Figure 5. The student's degrees GUI. 

 

 

Figure 6. The checking process with valid signatures and no mistakes. 

 

 

Figure 7. The main examination board/registration unit GUI. 
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Figure 8. The final graduation certificates issuing and signing GUI. 
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Using Nanoparticles for Enhance Thermal Conductivity of                           

Latent Heat Thermal Energy Storage 

 

 

 
 

 

 

ABSTRACT 

       Phase change materials (PCMs) such as paraffin wax can be used to store or release large 

amount of energy at certain temperature at which their solid-liquid phase changes occurs. Paraffin 

wax that used in latent heat thermal energy storage (LHTES) has low thermal conductivity. In this 

study, the thermal conductivity of paraffin wax has been enhanced by adding different mass 

concentration (1wt.%, 3wt.%, 5wt.%) of (TiO2) nano-particles with about (10nm) diameter. It is 

found that the phase change temperature varies with adding (TiO2) nanoparticles in to the paraffin 

wax. The thermal conductivity of the composites is found to decrease with increasing temperature. 

The increase in thermal conductivity has been found to increase by about (10%) at nanoparticles 

loading (5wt.% and 15
o
C). 

                                                                       
Key words: phase change materials (PCM), LHTES, thermal conductivity, TiO2. 

 

كبهٌتالالطبقت الحزاريت   هي ييخشل تالحزاري تيْصللواستخذم جشيئبث ًبًْيت لتحسيي ا  

 

 

 

 
 

 

 الخلاصة

( هثل شوع البزافيي يستطيع خشى اّ تحزيز كويت كبيزة هي الطبقت عٌذ درجت حزارة تغيز الطْر (PCMهتغيزة الطْرالوْاد      

. تيوتلك هْصليت حزاريت ّاطئالا اًَ خشى الطبقت الحزاريت كطبقت كبهٌت في  شوع البزافيي لذلك يستخذم هي الصلب الى السبئل. 

 هي (wt.%,3wt. %,5wt. %) 1لبزافيي بأضبفت ًسب كتليت هختلفت يت الحزاريت لشوع اّقذ تن في ُذٍ الذراست تحسيي الوْصل

 .الى شوع الببفيي  (TiO2)ّقذ ّجذ اى درجت حزارة تغيز الطْر تتغيز هع اضبفت  .اّكسيذ التيتبًيْم   TiO2)يئبث الٌبًْيت )الجش

ّاى الوْصليت الحزاريت تشداد هع سيبدة الٌسبت الكتليت  كوب لْحظ اى الوْصليت الحزاريت للوزكببث تقل بشيبدة درجت الحزارة

5wt.%   ّ( 15( عٌذ )11%) ّبٌسبت  (TiO2)لجشيئبث الٌبًْ 
o
C. 

 الوْاد هتغيزة الطْر, خشى الطبقت الحزاريت كطبقت كبهٌت,الوْصليت الحزاريت, اّكسيذ التيتبًيْم. ية:الرئيسالكلمات 
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1. INTRODUCTION 

      Thermal energy can be stored when a change in internal energy of a material as sensible and 

latent heat. And it will be important energy management with emphasis on efficient use and 

conversation of the waste heat and solar energy .Energy storage plays important role in conserving 

the over demand of energy. ,Abhat, 1983, gave a useful classification of the substances used for 

thermal energy storage as shown in Fig.1. 

       In sensible heat storage, thermal energy is stored based on the specific heat capacity of the 

material. Here the temperature of the material varies and does not undergo any phase transformation 

during charging or discharging cycles, for example: water, copper, cast iron ,Garg and Prakach, 

2002. And in latent heat storage system the process of storing and retrieving the thermal energy is 

based on the latent heat of fusion, where storage medium undergoes a phase transformation. The 

heat stored during the phase change process of the material is called latent heat. As the source 

temperature increases the chemical bonds of the material breaks up which leads to the 

transformation from one phase to other, Sharma, et al., 2009. Here the temperature is almost 

constant with less temperature swing. Latent heat storage materials can be classified based on 

temperature, phase transition and compounds used to: Organic PCMs and inorganic PCMs. A phase 

change material PCM which contains carbon atom is known as organic PCM, so phase change 

materials PCMs is a kind of very important latent heat energy storage materials with the general 

chemical formula (CnH2n+2) are categorized under paraffin, where the heat of fusion and melting 

point increases with the increasing value of carbon atom number, Abhat, 1980. Paraffin having 5 to 

15 carbon atoms is liquid at room temperature, and those with more carbon atoms are waxy solid. 

PCMs have wide applications in many fields, such as refrigeration and air-conditioning systems, 

solar energy systems, heating and cooling of building. It has attracted great interest in recent years , 

,Qinbo He, et al., 2012. Few of the advantages of using organic PCM are no tendency to segregate, 

chemically stable, high heat of fusion, no tendency of sub-cooling and compatible with all 

containers except plastic at high temperature. Some of the demerits are low thermal conductivity, 

sometime flammable and mildly corrosive, Garg, and Prakach, 2002. 

     Many researchers have carried out similar studies for the heat transfer performance of 

nanofluids. For example, Lee and Choi, 1996, had tried to use nanofluids and miniature heat 

exchangers constitute efficient cooling system. In recent years, nanofluids have been employed to 

enhance the heat transfer in PCMs for energy storage, due to its desirable properties of high thermal 

conductivity. Xie HQ, et al., 2002, revealed that the thermal conductivity of Al2O3 nanofluid was 

higher than that of the base fluid and increased with increasing nanoparticle concentration level. 

The enhanced thermal conductivity ratio decreases with an increase in PH value, from (PH 2.0 to 

PH 11.5). They also found that the thermal conductivity of nanofluids varied with particle size and 

the optimal particle size for thermal conductivity enhancement was (60nm). Khodadadi and 

Hosseinizadeh, 2007, studied the phase change process of Cu-H2O nanofluids by using numerical 

simulation method. The nanofluids shows the preferable thermal energy storage characteristic, the 

heat release rate is high than that of pure water. Wu et al., 2009, investigated the thermal properties 

of (Al2O3-H2O) nanofluid   they concluded that the supercooling degree was reduced by 70.9% with 

suspending 0.2 wt.% Al2O3 nanoparticles in water. Ho and Gao, 2009, studied the effective 

thermophysical properties, such as latent    heat of fusion, density, dynamic viscosity and thermal 

conductivity of n-octadecane PCM embedded with Al2O3 nanoparticles with the composition of 5% 
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and 10%. Prepared by emulsifying alumina by means of non-ionic surfactant. The change in the 

values of melting temperature, freezing temperature and latent heat of fusion is given in Table 1.  

      Shin and Banerjee, 2011 studied the high-temperature silica-nanofluids for soler thermal 

storage application, the specific heat capacity of the nanofluid was enhanced by (14.5%).         

Qinbo He, et al., 2012, investigated the thermal properties of TiO2 nanoparticles in saturated BaCL2 

aqueous solution, they concluded that the thermal conductivities of nanofluids PCMs is enhanced 

by (12.76%) at (-5
o
C) with volume fraction (1.13%). 

       Parameshwaran, et al., 2013, investigated the performance of organic ester by incorporating 

silver nanoparticles in terms of latent heat capacity, thermal conductivity, and heat storage and 

release capabilities. Report shows, latent heat capacities decreased by (7.88%) in freezing and 

(8.91%) in melting whereas thermal conductivity of composite PCMs increased from (0.284 to 

0.765 W/m.K). Alhamdo, et al., 2013 studied thermal conductivity enhancement of paraffin and 

natural waxes composites by employing four different high conductivity additives in filtrated within 

waxes. It was found that for copper network (CN) composite with (6%) additives, the charging and 

discharging time decreased by (26.4%) and (30.3%) respectively, than that of pure wax and the 

thermal conductivity enhanced by (2.57) times than of pure wax.  

       The aim of this   work is to present a method to enhance the thermal conductivity of paraffin 

wax as PCM by adding different mass concentration of nanoparticle (TiO2). 

 

2. THEORETICAL FORMULATION 

       Generally paraffin based PCMs have low thermal conductivity, during the discharge the thermal 

energy from liquid PCM is released and a layer of solid PCM develops on the container wall. 

Thermal resistance of this layer increases with increasing thickness, thus diminishing heat transfer 

rate ,Sharma, and Sagara, 2005. To overcome this problem nanoparticle   (TiO2) has been added 

into the PCM, due to its bigger specific surface area and with small size surface energy. The 

experimental temperature records have been used in theoretical formulation. The following 

assumptions and boundary conditions were used in the modeling: 

1.The study case is transient state because the temperature is changing over the time. 

2. The inlet of the test section defined as velocity inlet with velocity magnitude of 7m/sec and 

constant temperature for the heat transfer fluid of 76
o
C (during charging) and 12

o
C (during 

discharging). 

3. The outlet portion of the test section was considered outflow boundary. This is intended to use 

with incompressible flow. 

      Fig. 2 shows a physical representation of the numerical model. The governing conservation 

equations are as follows , Alhamdo, et al., 2013. 

 Continuity equation:          ⃑  0                                                                             (1)  

 Momentum equation: 
   

            
  

  
         ⃑                                                                                                                        (2) 

       

Where P: Pressure gradient  

 

 Energy equation: 

The enthalpy of a material is ,Alhamdo, et al., 2013. 
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H=Hsensible +Hlatent                                                                                                                     (3) 

 

&  Hsensible =Href +  ∫     
 

    
                                                                                               (4) 

                                                                                                                                                                         

Where: Href = Reference enthalpy, kJ/kg. 

 Tref= Reference temperature, 
o
C. 

       The latent heat content can be written by latent heat of the material and L: 

    Hlatent= β.L                                  (5) 

 

Where β: Liquid fraction and can be defined as:      

     β=0                                                  if T≤ 𝑠𝑜𝑙𝑖  𝑠  

    β=1                                                  if T≥ 𝑙𝑖𝑞 𝑖  𝑠      

                             

    β= ( − 𝑠𝑜𝑙𝑖  𝑠)/( 𝑙𝑖𝑞 𝑖  𝑠 – 𝑠𝑜𝑙𝑖  𝑠)                     if  𝑠𝑜𝑙𝑖  𝑠<T< 𝑙𝑖𝑞 𝑖  𝑠                                           (6) 

The energy equation is written as ,Alhamdo, et al., 2013. 

 

    
 

  
            ⃑                                                                                        (7) 

 

    Where S: Dissipation function. This function includes the energy transformed into heat due to the 

fluid shear stress. 

     The thermal conductivity is an important property of PCMs because the rate of energy storage or 

release is highly depended on the thermal conductivity of materials. PCMs are used for thermal 

energy storage in environments with temperature variation. Therefore, it is important to know the 

thermal conductivity of the PCMs in both solid and liquid states of the temperature range of interest. 

Many theoretical works had carried out to estimate the thermal conductivities of the composite. The 

equation used to calculate the thermal conductivities of the composite given by, ,Bhattachary, et 

al., 2004.   
 

                                                                                                                      (8)  

   Where   ,   and   are thermal conductivities of the composite, nanoparticle and the matrix 

respectively. The relationship between volume fraction    and weight fraction    ,Bhattachary, et 

al., 2004. 

                                                                                                            (9) 

    The mass fraction associated with volume fraction of the samples is shown in Table 2. Table 3. 

shows the properties of nanoparticle (TiO2) and PCM. 

3. EXPERIMENTAL TEST RIG 
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         Fig. 3 shows the experimental test rig. Experimental test rig consists of the components 

required as shown schematically in Fig. 4 such as, the flow unit which contain refrigerated air 

operates by a three phase electric motor, the heating unit which contain three electrical helical 

heaters (600 Watt, each) used for heating the test section and the duct section which has a square 

section (15x15) cm
2 

with a length of (210 cm) the test section placed at the last (60cm) of the duct. 

(120) spherical capsules filled with (25g) of PCM have been packed inside the test section. The test 

rig insulated by using a layer of glass wool. 

 

4. MEASUREMENT INSTRUMENT 

        Temperature and air velocity were measured by measuring devices. Thermocouples of (T type) 

were used to measure the temperatures of PCM and air at five different locations along the axial 

direction in the test section and recorded by using digital thermometers. Five special spherical 

capsules having thermocouples are locate at the center line of the test section at axial location of 

(X/L = 0, 0.25, 0.5, 0.75 and 1). Thermal camera (Ti32) was used to measure the surface 

temperature of the test capsules, as shown in Fig.5. A digital vane-type anemometer was used to 

measure the average air velocity at the inlet and outlet of the section. The measurement test is 

carried out at A/C laboratory in Mech. Eng. Dept. /College of Engineering/AL-Mustansiriya 

University.  

 

5. RESULTS AND DISCUSSION 
        In the present study, the results of improvement of thermal conductivity of PCM for thermal 

storage of charging and discharging process are presented here. 

       Fig. 6 shows photograph images, thermal images of PCM and changes in thermo- physical 

properties with respect to different weight% of nanoparticle TiO2 at 60
o
C and after 15 minute, also 

it shows three dimensional images and the temperature distribution. It can be noted, the melting 

process occurs faster with increasing mass fraction of nanoparticles TiO2 compared to that of pure 

paraffin because of the high surface energy with so small size to nanoparticles 

       Fig.s 7, 8 and 9 show the temperature distribution of the PCM along the axial direction of the 

test section at (X/L=0, 0.25, 0.5, 0.75 and 1) with flow rate of (7m/s). It can be observed for 

charging process, at (X/L = 0) the PCM melt faster than the other locations because it absorb most 

the energy carried by the heat transfer fluid, where the flow over the capsules mentioned along the 

test section, this energy decreased gradually until the last PCM capsules in the end section have less 

energy to melt. The heat transfer processes between the PCM and heat transfer fluid enhanced and 

become more active by (11.5%) in the adding mass fraction (5 wt. %) of nanoparticle TiO2, because 

the thermal resistance becomes smaller. 

     In discharge process a reveres process take place to release the energy absorbed. It can be noted 

that the first capsules solidify faster than the others, and the solidification occur faster than the 

melting, due to low thermal resistance of liquid PCM. The adding different mass fraction of 

nanoparticle TiO2 in PCM enhanced the heat transfer process between PCM and heat transfer fluid. 

        Fig. 10 shows the temperature distribution of the PCM with different weight fraction of 

nanoparticle (TiO2) during charging and discharging processes. It can be noted, nanoparticle (TiO2) 

was added into PCM to improve thermal storage performance. Thermal storage (charging) and 

release rate (discharging) were increased by (0.95) times and (1.5) times respectively at (50
o
C), as 

compared with the PCM without nanoparticle (TiO2).  
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       Fig. 11 shows the latent heat at different mass fraction of TiO2 nanoparticle. As can be seen the 

latent heat of fusion of composite PCMs decreases with increasing mass fraction by (4%). The 

decrease can be attributed to two reasons:  The first is that the nanoparticle specific heat is lower 

than the PCM specific heat which decreases the overalls thermal absorptance of the composite 

PCM. The second reason is that the nanoparticles change the molecular arrangement of the PCM 

crystals which affects on the ability to melt which eventually affect the latent heat of fusion. Hence 

the thermal property of system is affected ,Cai et al., 2008. 

     Fig. 12 depicts the enhanced thermal conductivity (K) as a function of mass fraction of 

nanoparticles TiO2 at three test temperatures. It seen that thermal conductivity decreases by (0.17%) 

with increasing temperature, but it increases with increasing loading of the nanoparticles TiO2. When 

the mass fraction is (5 wt. %) and temperature is (15
o
C) thermal conductivity is increased to (10%). 

However, the enhancement of thermal conductivity may be due to the dynamic viscosity.  

 

6. CONCLUSIONS 

      In the present work, the following conclusions have been found: 

1. The heat transfer process has been found to enhance by (11.4%) with adding mass fraction 

of (5 wt. %) nanoparticle TiO2. 

2. The solidification is found to occur faster than the melting due to low thermal resistance.  

3. Thermal storage and release rate were found to increase by about (0.95) and (1.5) 

respectively times at (50
o
C) as compared with the PCM without nanoparticles loading. 

4. Increasing of nanoparticle TiO2 concentration leads to a decrease in PCM latent heat of 

fusion by (4%), but with significant increase in composite PCM thermal conductivity. 

5. Thermal conductivity decreases with increasing temperature by (0.17%), on the other hand, it 

increases with increasing of nanoparticle TiO2 loading by (10 % ) at mass fraction (5 wt.%) 

and temperature is (15
o
C).  
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    NOMENCLATURE 

Cp= specific heat at constant pressure, kJ/kg.
o
C. 

D= diameter of capsule, m.   

H= specific enthalpy, kJ/kg. 

K=thermal conductivity, W/m.
o
C. 

L= length of test section, m. 

M=mass, kg.    

U= velocity, m/s. 

 

  GREEK SYMBOLS 

∇= gradient, dimensionless. 

µ=dynamic viscosity, N.s/m
2
. 

   =particle volume fraction, %vol. 

  = particle weight fraction, %wt.  
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Table 1. Variation in melting, freezing temperatures and latent heat of fusion as a function of 

different weight % of Al2O3 nanoparticle, Ho and Gao, 2009. 

 

 

 

 

 

 

 

 

 

 

 

Table 2. The wt. % associated with vol. % of the nanoparticle sample at 20
0
C. 

wt.% vol.% 

 

1 2.57 

3 2.68 

5 2.798 

 

Table 3. The properties of nanoparticle TiO2 and PCM. 

 
Density 

(kg/m
3
) 

Thermal 

conductivity 

(W/m.K) 

Specific heat 

(J/kg.K) 

Melting 

temperature 

(
0
C) 

TiO2          

(dp=10 nm) 4230 8.4 710 --- 

PCM       

(paraffin wax) 785 0.214 2871 62-68 

 

 

 

 

 

 

 

Mass fraction of 

nanoparticles (wt.%). 

Melting 

temperature                

(
o 
C) 

Freezing 

temperature (
o 
C) 

Latent heat of 

fusion 

           (kJ/kg) 

0 

 

26.5 25.1 243.1 

5 

 

26 25 225.6 

10 

 

26.3 25.3 212.3 
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Figure. 1 Classification of energy storage materials, Abhat, 1983. 

Figure. 2 Schematic diagram of the numerical model. 
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Figure. 3 Experimental test rig. 

Figure. 4 Schematic diagram of the experimental apparatus. 

Figure. 5 Thermal camera. 
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(a) 

(b) 

(c) 

Figure. 6 (a) Photograph images (b) Thermal images of PCM at different weight% of 

nanoparticle TiO2 at 60
o
C and after15 minute, (c) 3-Dimantion images and (d) Temperature 

distribution. 

 

(d) 
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Figure. 7 Distribution the temperature of PCM along the axial direction of 

the test section during charging and discharging processes. 

Figure. 8 Distribution the temperature of PCM with (3 wt. %) nano along the 

axial direction of the test section during charging and discharging processes. 
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Figure. 9 Distribution the temperature of PCM with (5 wt. %) nano along the 

axial direction of the test section during charging and discharging processes. 

 

Figure. 10 Distribution the temperature of PCM with different weight fraction of 

nanoparticles along the axial direction of the test section during charging and discharging 

processes at X/L of (0.5). 
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Figure. 11 Effect mass fraction of nanoparticles on the latent heat 

of fusion of composite PCMs. 

Figure. 12 Effect mass fraction of nanoparticles on the thermal 

conductivity at different temperatures. 
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Abstract 

The different parameters  on  mechanical  and  microstructural  properties  of  aluminium  alloy  

6061-T6 Friction  Stir-Welded  (FSW) joints  were investigated in the  present study. Different 

welded specimens were produced by employing variable rotating and welding speeds. Tensile 

strength of the produced joints  was tested at room  temperature and the efficiency was assessed, 

and it was 75% of the base metal at rotational speed 1500 rpm and weld speed 50 mm/min. 

Hardness of various zones of FSW welds are presented and  analyzed by  means of  brinell 

hardness number . Besides to these tests the bending properties  investigated and showed good 

results in some specimen and not in another. The mamximum stress was 240 N/mm
2
 at rotational 

speed 1500 rpm and weld speed 50 mm/min , while the maximum stress at 1250 rpm and 75  

mm/min was 94 N/mm
2
 . Hardness results showed lower values in heat affected and nugget 

zones than the base metal with improving of hardness at 1500 rpm, 75 mm/min  . 

 

      Key words: friction stir welding ,  6061 T6, mechanical properties. 

 

 الخواص الميكانيكية لسبيكة المنيوم T6 6061 ملحومة بطريقة اللحام المزج الإحتكاكي

 
 أسواء هٌعن عبذالله

هساعذهذرس   

 هعِذ حقٌي حْيجت

 

 الخلاصة
لحام الوزج الإحخكاكي.ّقذ صٌعج عذة عيٌاث لِذٍ حضوي البحث دراست الخْاص الويكاًيكيت لعذة سزع خطيت ّدّراًيت لسبيكت الوٌيْم لحوج بطزيقت 

كذلك ّ  % هي الوعذى الأساس57ءة اللحام السزع الوخخلفت )السزعت الخطيت ّالذّراًيت(,حن إجزاء إخخبار الشذ بذرجت حزارة الغزفت ّقذ كاًج قيوت كفا

أظِزث ًخائج جيذة عٌذ  بار الحٌي أيضاً لذراست هخاًت هٌطقت اللحام ّالخي حن إجزاء إخخبار الصلادة بطزيقت بزيٌل .  إضافت لِذٍ الإخخباراث حن إجزاء إخخ

هلن\ًج 041 كاًج قيوت أعلى إجِاد  دقيقت \هلن 71ّخطيت دقيقت \دّرة  0711 بعض السزع ّ لن حظِز عٌذ بعضِا الآخز فعٌذ سزعت دّراًيت 
0

بيٌوا  

هلن\ًج 44سزعت خطيت كاى قذ بلغ  دقيقت\هلن 57سزعت دّراًيت ّدقيقت \دّرة 0071كاى اعظن إجِاد عٌذ 
0

, ًخائج الصلادة اظِزث ًقصاى بقيوت  

 0711الصلادة في هزكز اللحام ّفي  الوٌطقت الوخأثزة بالحزارة  عٌَ في الوعذى الأساس بيٌوا كاى ٌُالك ححسي في ًخائج الصلادة عٌذ السزعت 

.دقيقت\هلن 57ّ دقيقت\دّرة  

,الخْاص الويكاًيكيت 6T 6160: لحام الوزج الاحخكاكي ,يسيةالكلمات الرئ
1.INTRODUCTION 

Friction stir welding (FSW) has proven to be an effective joining technique for a variety of 

different materials, including metals and polymers. Metals with low melting temperatures such 

as aluminum and copper were among the first to be joined by this technique using a steel tool 

Heidarzadeh et al., 2012.
. 
Friction-stir welding (FSW) is a solid-state joining process utilizing a 

rotating tool consisting of a pin and tool shoulder that applies severe plastic deformation and 

frictional heating into the joining materials. The benefits and uniqueness of the FSW have been 

well established for many light-weight metals and alloys that have difficulties in joining by the 

conventional fusion welding methods. The frictional heat and severe plastic deformation 

involved in the FSW, Wanchuck et al.,2008. Aluminum alloys are important for the fabrication 

of components and structures which require high strength, low weight or electric current carrying 

capabilities to meet their service requirements. Among all aluminum alloys, AA 6061 alloy plays 

mailto:asmaamuneam@ymail.com
http://www.sciencedirect.com.tiger.sempertool.dk/science/article/pii/S026130691100851X
http://www.sciencedirect.com.tiger.sempertool.dk/science/article/pii/S026130691100851X
http://www.sciencedirect.com.tiger.sempertool.dk/science/article/pii/S0921509308009714
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major role in the aerospace industry in which magnesium and silicon are the principal alloying 

elements. It is widely used in the aerospace applications because it has good formability, 

weldability, machinability, corrosion resistance and good strength compared to other aluminum 

alloys. When using the conventional arc welding techniques, long butt or lap joints between AA 

6061 and other aluminum alloys are particularly difficult to make without distortion because of 

high thermal conductivity and special welding procedures and high levels of welder skill are 

generally required
. 
AA 6061 Aluminum alloy cannot be TIG welded without filler wire because 

it leads to solidification cracking due to its chemistry  The mechanical properties of the alloys 

are affected not only by their chemical composition but also by their condition, e.g. annealed, 

cold worked, precipitation hardened. The work pieces are secured against the vertical, 

longitudinal and lateral forces, which will try to lift them and push them apart during the process 

Indira, 2011. This highly plasticized material provides for some hydrostatic effect as the rotating 

tool moves along the joint, which  helps the  plasticized material to flow around the tool. The  

plasticized weld material then  coalesces behind the tool as the tool moves away show Fig.1. 

The basic concept behind FSW is simple: The non-consumable rotating tool with a specially 

designed pin and shoulder is inserted into the abutting edges of the two parts to be joined and 

traversed along the line of joint
 
,Mohamadreza et al., 2011. The FSW process mechanism and 

the tool geometry are shown in Fig. 2, Adamowski  et al, 2007. 

The tool is plunged into the part at a specified spindle speed and plunge rate until the shoulder 

makes contact with the material to be joined. Following a brief dwell period, the rotating tool 

advances along the weld path at a specified traverse rate and spindle rotation speed. The 

combination of heat input and tool geometry cause the material along the boundaries of the weld 

region to deform and mix together to form a solid joint ,Thomas and Robert, 2009. Aluminum 

alloys of 2xxx, 6xxx and 7xxx series have been considered for substantial use in these industries. 

This ensues from their desirable strength to weight ratio, excellent formability, appropriate 

weldability and acceptable corrosion resistance. Depending on the specific application, corrosion 

behavior is a significant factor of a welded joint ,Fahimpour et al., 2012. As a result, the FSW 

shows a unique grain structure influenced by the severe thermo-mechanical deformation, 

recovery, and/or recrystallization at elevated temperatures during welding.
 

 

2. EXPERIMENTAL PROCEDURE 

2.1 Material 

Wrought 6061-T6 aluminum sheets having 4 mm thickness defined by code B0209-04 ASTM 

standard were welded together by FSW method .The plates were cut and machined into 

rectangular welding specimens of 200 mm × 100 mm cross-section. A schematic diagram of 

FSW plate dimensions is shown in Fig.3 

Chemical composition and the mechanical properties of base metals are presented in Tables 1 

and 2 respectively. The initial joint configuration was obtained by securing the plates in position 

using mechanical clamps. The direction of welding was normal to the rolling direction. Single 

pass welding procedure was used to fabricate the joints. Trial experiments were carried out to 

find the working limits of welding parameters. The welding parameters used to fabricate the 

joints are presented in Table 3. 

 

 

 

 

2.2 Tool 

http://www.sciencedirect.com.tiger.sempertool.dk/science/article/pii/S0261306912001008
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A CNC perpendicular milling machine used to weld the plates, and cylindrical tool steel X38 

with (16mm ) shoulder diameter and (5mm) pin diameter with plunging depth equal to 3.9 mm 

as shown in Fig. 4. 

Welding system fixed at the machine with clamps and fixtures made of carbon steel as in Fig.5 

       

2.3 Welding Parameters 

The friction stir welding parameters was listed in Table 3. All welds were produced using the 

same tool, but varying rotational and welding speed. Two welded samples were produced for 

each weld parameter, in order to have samples for mechanical testing. 

 

3. MECHANICAL TESTS 

To the marked welding parameters tensile, bending and hardness tests done to the welding 

results as follow: 

 

3.1 Tensile Test 

It done at room temperature by using testometric apparatus and specimen dimensions ASTM E8 

as shown in Figs. (6- A and B) 

 

3.2 Hardness Test 

A brinell hardness number method used to observe and determine the hardness value under 187.5 

kgf load for six welding test specimens at seven points (five in welding region and two at the 

base metal) . A brinell hardness number test was used to investigate the hardness of the welded 

joints at 60 sec time loading. 

    

3.3 Bending Test  

Root  and  face  bend  tests  were  used  as  an important tool to  understand the  ductility and 

toughness of  friction stir  welds bending, bending, the specimens are show in Fig. 7. The 

dimensions of bending specimen are 10 mm width and 100 mm length. 

  

4. RESULTS AND DISCUSSIONS 
Many types of defects can be observed from the overall cross-sectioned samples, like flash, 

voids and tunnel defects, flash defects could be seen in Fig. 9.  Most of the as-welded specimens 

are free of tunnel defects as shown by eye that no defected line was noted long the welding line. 

This indicates that tunnel defects can be fully vanished in a relative broad parameter range. With 

the increasing of the shoulder diameter, So, it can be considered that, using a welding tool with a 

relative bigger shoulder is helpful to vanish tunnel defects in FSW ,Lei  et al.,2012. The 

parametric boundaries investigated in the present study have been defined based on previous 

experience in welding of the non- reinforced alloy 6061 , Raghu et al.,  2008. 

 

4.1 Tensile Results 

In all cases the samples failed in NZ and the results are presented in Fig. 10. This can be 

attributed to the decreased heat input and relative limited softening of the HAZ ,Vladvoj et 

al.,2005 and because of the loss of strength (under matching). The stirring of the tool has a 

substantial influence on the reinforcement particle distribution and shape. It breaks off the sharp 

edges of the bigger particles and rounding them up at the same time. This action results in 

smaller, round particles in the nugget ,Raghu et al., 2008. From Fig.8, the results were different 

according the parameters and the value of the ultimate tensile stress was 75% of the base metal at 

http://www.sciencedirect.com.tiger.sempertool.dk/science/article/pii/S0921509312002511
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rotational speed 1500 rpm and weld speed 50 mm/min. yield and ultimate tensile values of 

welded samples are shown in Table 4. 

 

4.2 Hardness Results 

Fig. 11, represents the hardness diagram of the joint FSW. The hardness of both the heat affected 

zone (HAZ) and the nugget zone (NZ)  are  lower  than  that  of  base  metal  (BM),but at speed 

1500 rpm and 75  mm/min there is improving in the weld nugget zone and heat affected zone in 

spite of the still of high properties in the base metal ,also a difference between HAZ, NZ 

properties , the  difference  between  HAZ (heat affected zone)  and  NZ (nugget zone)  is 

attributable  to  the  grain  refinement  in  NZ (nugget zone)  ,  caused  by  intensive stirring.  The  

softest  points  of  the  joints  correspond  to  the  failure locations in tensile tests,  should be 

noted that a local material softening occurs in the weld because of the thermal  action of the 

welding process; in particular a localized softening in the NZ (nugget zone) is observed. Note 

that results will show increasing in hardness from center to the parent metal and the lowest value 

is observed in the nugget zone ,Adamowski  and Szkodo, 2007. The results of hardness due to 

the welding process and to the tool pin action, a reduction of the density of such particles is 

observed with the utilized instrument , Barcellona et al., , 2006 . 

 

4.3 Bending Results 

Some FS welded aluminium alloy 6061-T6 samples did not fail in bend test at 1500 rpm and 50 

mm/min speed and 2000 rpm and 50 mm/min. The parts have been tested utilizing a customized 

bending test with the aim of highlighting their behavior it showed a very good bending results 

they stay successful in high load without failing it ensure the high quality of welding at some 

parameters, bending results are shown in Figs.12 and 13. 

 

5. CONCLUSIONS 
1. FSW  was successfully at medium rotation and weld speed . 

2. Reducing the plunging depth and the weld speed that will decrease the flash defects. 

3. By softening the tool surface and the shoulder and pin surfaces voids could be reduced or not 

appears in weld results. 

4. Hardness drop was observed in the weld region. The softening was mostly evident in the heat      

affected zone on  the  advancing side of  the welds. This zone corresponds to the failure location 

in tensile tests ,Raghu  et al.,  2008. 
5. The material flow around the off-center features is more complicated than the conventional 

centered pin. It appears that higher temperature allow better material flow and joint strength with 

the new tool ,Mishra et al., 2007 . 

6. Some FSW welded aluminium alloy 6061-T6 samples did not fail in bend test at 1500 rpm 

and 50 mm/min speed . 

7. The efficiency of welded metal is 75 % of the base metal at 1500 rpm and 50 mm/min. 
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Table 1. Chemical compositin of 6061 alloy , Fahimpour et al., 2012. 

All

oy 

C

u 

M

g 

M

n 

Fe Si Cr Ti P

b 

606

1 

0.1

9 

1.0

7 

0.1

2 

0.6

4 

0.6

5 

0.2

1 

0.0

2 

0.

05 

 

Table 2. Mechanical properties of base metal 6061 T6 alloy ,Adamowski et al., 2007. 

σyield 

Mpa 

σultimate 

Mpa 

E % VHN 

235 283 22 100 

 

Table 3. Welding parameters. 

Samples Rotaiting 

speed 

rpm 

Weld 

speed 

mm/min 

Plunging 

depth 

mm 

Reheating 

time Sec 

F1 1250 50 3.9 60 

F2 1250 75 3.9 60 

F3 1500 50 3.9 60 

F4 1500 75 3.9 60 

F5 2000 50 3.9 60 

F6 2000 75 3.9 60 

 

Table 4. Yield and ultimate tensile results of welding samples. 

Samples 

Of 

welding 

Ultimate 

tensile 

stress 

N/mm
2
 

Yield 

stress 

N/mm
2 

F1 198 59 

F2 115 34 

F3 215 64 

F4 125 37 

F5 150 45 

F6 201 60 
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Figure 1. FSW regions ,Indira, 2011. 

A: unaffected material. 

B: heat affected zone HAZ. 

C: thermo-mechanical affected zone TMAZ. 

D: nugget zone NZ. 

 

 
 

Figure 2. Schematic representation of FSW process ,Adamowski  et al., 2007. 

 

 
Figure 3. FSW plates dimensions. 

 

 
Figure 4 . Welding tool dimensions. 
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Figure 5. Welding clamping and fixtures system. 

 

 

 
 

(A) 

 
(B) 

Figure 6. Tensile test specimen dimensions before test. 

 

 
Figure 7. Bending test specimen. 
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Figure 8. Tensile specimen after test. 

 

 
Figure 9. Flash defects at 1250 rpm, 50 mm/min. 

 

 
Figure 10. Tensile test results. 

 

 
 

Figure 11.  Hardness test. 
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Figure 12. Bending sample result at 1500 rpm , 50 mm/min. 

 

 
Figure 13. Bending results curve. 
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Coagulation - Flotation Process for Removing Oil from Wastewater Using 

Sawdust+ Bentonite  
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ABSTRACT 

In many industries especially oil companies in Iraq consumed large quantities of water which 

will produce oil-contaminated water which can cause major pollution in agricultural lands and 

rivers. The aim of the present work is to enhance the efficiency of dispersed air flotation 

technique by using highly effective and cost-efficient coagulant to treat gas oil emulsion. The 

experimental work was carried out using bubble column made of Perspex glass (5cm I.D, 

120cm height). A liquid was at depth of 60cm. Different dosage of sawdust +bentonite at ratio 

of  2:1 (0.5+ 0.25; 1+ 0.5 and 2+1) gm and alum at concentration (10,20and30mg/l) at different 

pH ( 4 and 7) were used to determine optimum dosages of coagulant. Jar test experiment showed 

that optimum dosage of (sawdust +bentonite) was (1+0.5gm) and alum concentration was 30 

mg/l at pH=4.    

  The present study was conducted to evaluate the effect of various parameters pH (3, 4,7and 9); 

air flow rate (300, 500, 1000, and 1500 cc/min); initial oil concentration (300 up to 1000 ppm); 

concentration of Sodium dodecylsulphat surfactants ,SDS (25, 75and 150mg/l); and the effect of 

the addition coagulant (sawdust + bentonite at ratio 2:1) and alum (30mg/l) in the removal 

efficiency of oil from wastewater by coagulation –flotation process.  

   The study showed that the removal efficiency of COD, oil content and turbidity were related 

to the initial oil concentration; additive concentration of SDS and dosage of coagulants. It was 

found that the flotation rate increases when using coagulants, the fastest removal rate was 

obtained when pH 4 and also the higher removal efficiency achieved was for flotation (87%) 

and (95.7%) sawdust +bentonite; (97%) for alum in coagulation – flotation process. 

 

Key words: oily wastewater; sawdust+ bentonite; alum; coagulation -flotation 
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 الخلاصت

ي انعزاق حسخٓهك كًياث كبيزة يٍ انًياِ ٔانخي سٕف حُخح عُٓا يياِ انًهٕثت في انعذيذ يٍ انصُاعاث ٔخاصت شزكاث انُفظ ف

 بانُفظ ٔيًكٍ أٌ يسبب حهٕد كبيز في الأراضي انشراعيت ٔالأَٓار.

انٓذف يٍ ْذا انعًم ْٕ حعشيش كفاءة حمُيت حعٕيى انٕٓاء باسخخذاو  يٕاد يخثزة فعانت نهغايت ٔ رخيصت نعلاج يسخحهب سيج     

 120سى ٔارحفاعّ  5حى حُفيذ انعًم انخدزيبي باسخخذاو عًٕد انخعٕيى انًصُٕع يٍ سخاج انبزسبيكس  )لطزِ انذاخهي انغاس . 

  . سى 60ى حثبيج ارحفاع انسائم عُذ سى( . ح

تلفة غرام وتراكيز مخ (1+2و  5.5+1و  5.25+5.5)  1: 2بة تم استخدام جرعات مختلفة من خليط نشارة الخشب +البنتونايت وبنس

افضم خزعت   ٔكاَجاسخعًال اخخبار اندزة ب (7و  4وعند قيم مختلة من الدالة الحامضيه ) ( ملغم/لتر 35و 25و  15من الشب )

انت د يهيغزاو / نخز عُذ 30غزاو ( ٔافضم حزكيش نهشب ٔكاٌ  0.5+ 1طيٍ انبُخَٕايج )  يٍ انًادة انًخثزة َشارة انخشب +

 .4حايضيت = 

سى  1500ٔ  1000ٔ 500ٔ  300(  ،ٔيعذل حذفك انٕٓاء)  9ٔ  3ٔ4ٔ7يز عٕايم يخخهفت انذانت انحايضيت )  حى دراست حاث   
3

ٔ  SDSٔ75( 25  يهغى /نخز(، ٔحزكيش انًٕاد انخافضت نهشذ انسطحي 1000حخٗ  300/ دليمت ( ،ٔانخزكيش الأٔني انُفظ )  

في عًهيت  يهغى /نخز 30غزاو( ٔ انشب 0.5+1+ طيٍ انبُخَٕايج ) خثزة  َشارة انخشبًيهغى/نخز ( ، ٔ حأثيز انًٕاد ان 150

 .انخخثيز ٔانخعٕيى

ٔانًٕاد انًخثزة ٔعُذ  SDS، يحخٕٖ انشيج ٔ انعكٕرة  حشيذ عُذ اضافت يادة ال  CODبيُج انذراست أٌ كفاءة إسانت    

كًا ٔحى انخٕصم انٗ اٌ  أعهٗ  4حايضيت = سيادة انخزكيش الأني نهشيج ، حى انحصٕل عهٗ اٌ اسزع إسانت كاَج عُذ دانت 

نُشارة انخشب عُذ اسخخذاو   %(95.7)في نخخثيز ٔانخعٕيى كاَج%( 87ٔ) فمظ عًٕد انخعٕيىفي كفاءة إسانت لأفضم ظزٔف 

 نشب  .عُذ اسخخذاو  ا  ٪ ( 97) + طيٍ انبُخَٕيج  ٔ

 خَٕايج ، انشب ، انخخثيز ٔ انخعٕيى: يياة يهٕثت بانشيج ، َشارة انخشب + طيٍ انبُ الكلواث الرئيسيت

      

1.  INTRODUCTION 

  The threat of oil pollution increases with the expansion of oil exploration and production 

activities, as well as the industrial growth around the world. The study on the treatment of oily 

wastewater is a critical issue to the environmental protection as oil caused problems to the 

wastewater treatment facilities ,Wahi et al., 2013. 

   Oil is one of the important contaminants in water and causes the wastewater problems in 

environments. In practice, this can form various types of oily wastewaters; for instance, soluble 

oil in water, emulsion with or without surfactants or floating film ,Painmanakul et al., 2009. 

   Major spills, such as pipeline, tanker or storage tank accidents, create an acute problem of 

pollution. On the other hand, continuous low-level inputs are rarely noticed, and pose a serious 

threat to the environment as contamination accumulates. Therefore, diesel hydrocarbons create a 

world-wide problem of contaminated water and soil that require decontamination. 

   Diesel causes eye and skin irritation in humans, but otherwise its effects on humans are 

considered to be poorly investigated ,Muzyka et al., 2002.  

   Standards and regulation were adopted for discharge of oily wastewater into surface water or 

sewage systems. These regulations may vary from country to country, and even within a country 

itself. Environment Canada (1976 b) has established a discharge limit for oil and grease of 15 

mg/L at federal establishment. The allowable oil concentration for discharge into water bodies 



Journal of Engineering Volume   21  June  2015 Number 6 
 

                                                                                                                                                                                    

73 
 

are 2 to 10 mg/L and 5 mg/L in Germany and Switzerland, respectively. The allowable 

hydrocarbons and its derivatives discharge into water bodies about 3 mg/L in Iraq ,Iraqi 

preservation law, Law No. 2, 2001.   

Flotation separation is a primary water treatment process. Numerous studies on the potential of 

using flotation unit to remove oily emulsions have been reported by Weltz et al., 2007  ,Xiao et 

al., 2007 and ,Painmnakul et al., 2009.  

Gas flotation units work by introducing small gas bubbles into the wastewater being treated. The 

gas bubbles acquire a small electronic charge, opposite that of the oil droplets. As the gas 

bubbles rise through the oily wastewater, oil attaches to the bubbles ,Bradley, 1990 and Arnold 

and Stewart, 2008. Flotation units use two distinct methods for producing small gas/air bubbles 

needed to contact with water: pressurized gas/air injection and induced gas/air ,Cline, 2000. 

   Flotation units typically serve as a preliminary step for water treatment in removal of 

suspensions and emulsion due to small differences in the density of continuous phase and of 

particulate phase. Flotation  is  an  alternative  as  it  has  high  efficiency  as  well  as low 

operating cost ,Rubio et al., 2002.  

   Generally, flotation separation can be divided into two types: (1) dispersed air flotation and (2) 

dissolved air flotation, (DAF). 

   Coagulation is the addition of chemicals and the provision of mixing so that particles and 

some dissolved contaminants are aggregated into larger particles that can be removed by solids 

removal processes such as sedimentation, dissolved air flotation, rapid filtration or membrane 

filtration Fig.1 illustrates the process of coagulation, flocculation and flotation ,Dempsey, 2006. 

Saatci et al., 2001, studied the efficiency of treating vegetable oil factory wastewater by using 

the DAF coagulation with lime and alum; their analyses have shown that COD concentration of 

wastewater depends on its oil and grease content. This means that COD load could be 

importantly decreased with a decrease in oil and grease concentration. 

   The efficiency of wastewater treatment increased depending on the reduction of pH. And they 

concluded that the amount of sludge produced was reduced to 58 % compared to lime treatment 

and it was shown that clay could be an alternative to lime. 

 Soletti et al., 2005. studied the effect of ferric sulfate Fe (SO4)3 on pH values in dissolved air 

flotation of oily wastewater treatment by flotation column and obtained increase in coagulant 

concentration decrease pH value and enhance removal efficiency. 

 Welz et al., 2007. investigated the flotation of oil from wastewater  in a laboratory scale 

mechanically agitated flotation cell and explores the effect of chemical factors (coagulant and 

flocculants) on flotation performance based on coagulant and flocculants dosages of (0.5 mg/l) 

when using Al2(SO4)3 and 1.5mg/l when using lime. They found that the effect of coagulant 

dosage is more economical with the use of Al2 (SO4)3 is the further justified due to lower cost as 

well as lower dosage and higher efficiency. 

Mohammed and Zain-al-albideen 2007, studied the effect of coagulant (alum, clay) on 

removal efficiency of oily wastewater treatment by dissolved air flotation. They found that the 

removal efficiency of oil increase with alum until reaching the optimum dosage (25, 40, 70) 

ppm for initial oil concentration (30, 58, 136) ppm respectively, and the over dosage causes a 

decrease in the oil removal efficiency, but the other coagulant (clay) having higher removal 
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efficiency of oil the optimum dose of it was (2.5, 5, 9) ppm for the same initial oil concentration, 

but disadvantage of higher amount of sludge caused.  

   The removal of oil emulsion in wastewater had also been studied by Painmanakul et al., 

2009, by utilizing the induced air flotation on the study of the effect of bubble hydrodynamic 

such as bubble size and addition of chemical coagulant (alum) to induced air flotation process 

and chemical dosage for the treatment of oily wastewater. They reported optimum pH value 

between the values of 8-10.This research study showed some similarity with the study of ,Xiao 

et al., 2007,though the former used induced air flotation while the latter used DAF.                                  

AlMaliky et al., 2009, studied oil and grease removal from two types of industrial wastewaters; 

Sweets and Dairy Industries wastewater by induced air flotation. Their results have shown that 

(3-5 l/min.) air flow rates are the optimal for having separation efficiencies between (77%- 80%) 

for effluent of Sweets industry, and (66%- 70%) for effluent of Dairy industry. The addition of 

(0.5 g/l) alum has proved significant influence on oil/ water separation efficiency, which could 

reach the values of (96%- 99%), using the air flow rates mentioned above, for Dairy and Sweets 

industrial effluents respectively. Sulaymon and Mohammed, 2010. studied the effect of 

coagulant Al2(SO4)3.17H2Oand surfactant on separation efficiency of the emulsified kerosene in 

water in bubble column. The results indicate that the rate of the flotation enhanced when using 

SLES (sodium laurel ether sulfate) where the surface tension was reduced which leads the 

improvement of the separation efficiency, and found that adding Al2 (SO4)3.17H2O and SLES 

together have a high coagulant effect than individually.Tansel and Pascual, 2011,  investigated 

the removal of emulsified fuel oils from brackish and pond water by dissolved air flotation 

(DAF) with and without use of coagulants and they concluded that coagulant addition initially 

increased the petroleum hydrocarbon (PHC) removal by about 5–15%. SEIN, 2011, concluded 

that dispersed air flotation (DIAF) unit was efficient as a primary water treatment process in 

treating synthetic wastewater containing suspended solids and oily emulsions, also the addition 

of alum (coagulant) and anionic polymer (flocculent) is necessary to improve flotation via 

destabilization of colloids and agglomeration of destabilized particles. Oil and grease removal 

required a more agitated system compare to total suspended solid (TSS) and turbidity removal 

which suggest that a more turbulent system had a beneficial rather than disruptive effect on oil 

flotation. Fu and Chung, 2011, concluded that the use of a mixture of bentonite and sawdust, 

with sawdust being the vast majority, is highly effective for the coagulation of oil in water, 

giving coagulation efficiency 92% or above.  

   Sawdust by itself sinks in water. However, the coagulated aggregates float on water when 

sawdust is used with the bentonite. These aggregates are sheet-like, with the oil–bentonite–

sawdust serving as a continuous matrix and apparently no upper limit to the aggregate sheet 

size. Without sawdust, the aggregates sink in water and the coagulation efficiency is only37%. 

The sawdust functions as a fibrous framework for the attachment of the coagulating oil and 

bentonite, thus facilitating floating aggregate formation and the subsequent removal of the 

aggregates. Mohammed et al., 2013, studied experimentally the use of induced air flotation 

(IAF) to treat the oily wastewater of Iraqi North Oil Company and they showed that the removal 

efficiency of oil was increased with increasing initial oil concentration, it reached up to 76 %. 

While it became 89%when using stirrer.The experimental results were translated to a computer 

program to predicate empirical correlation.Vasseghian et al., 2013, investigated the efficiency 

of Dissolved Air Flotation (DAF) for the treatment of refinery wastewater. The effect of several 

parameters on flotation efficiency namely, saturator pressure, and coagulant dose, on COD 

removal was examined experimentally. Experiments were done by using poly aluminum 
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chloride coagulant (PAC) at pressures 2bar up to 5bar and in three doses 15mg/l ،20mg/l and 

25mg/l. The data obtained from COD experiments using neuro-fuzzy systems have been 

modeled. The correlation coefficient (R
2
), root mean square error (RMSE) and sum of square 

error (SSE) of predicted values by using euro-fuzzy systems are obtained 0.9991, 6.35×10
-3

and 

4.04×10
-5

 respectively, which shows the high accuracy of neuro-fuzzy systems. 

The aim of the present study is to studying the enhancement of oil removal by induced air 

flotation using sawdust +bentonite clay as coagulant. 

 

2. EXPERIMENTAL WORK 

2.1Gas Oil  

Commercial gas oil was used in this study as the model pollutant. Gas oil was analyzed in 

Petroleum Research and Development Center/Ministry of Oil; the chemical compositions are as 

follows: 62.5% Paraffin's; 18.7% Aromatics and 18.8% Naphthenes.        

   The functional groups present in gas oil were detected by FTIR analysis; Fig 2. The physical 

properties of gas oil were shown in Table 1.  

 

2.2 Materials 

 Surfactant type Sodium dodecylsulphat (SDS) from Fisher Scientific was used as anionic 

collectors and is a white powder material with a chemical structure of (C12H25OSO3Na), 

molecular weight 288.38 g/mol. 

 pH adjustment was done by using (NaOH molecular weight is 40 gm/mole and purity of 

100%, HCl molecular weight is 98.08gm/mole and purity of 100%). 

 Sawdust was 100% recycled from solid wastes. It is collected, cleaned, milled, and then 

sieved to obtain grain sizes of (0.6-1) mm in diameter (effective diameter ,de =0.63mm , 

uniform coefficient,Uc =1.5). 

 Bentonite clay Ca-Montmorillonite % (70min) CEC (65min)-pass from sieve 0.075mm 

(98%min) (Ministry of Industry and Minerals, Iraqi Geological Survey). 

 Aluminum sulfate (Alum): commercial alum was used in the experiments, it is a white dry 

powder, has a formula of (Al2 (SO4)3.18H2O) and molecular weight of (594.4 gm/mole). 

  

2.3 Apparatuses 

2.3.1 Flotation column 

   The experiments were performed into a cylindrical Perspex glass flotation column with the 

dimensions (5 cm inner diameter and 120 cm in height), samples were drawn from tap of 0.2 cm 

inside diameter, at the middle of column, and the column was operated in a semi- batch mode 

(batch wastewater, continuous air). Figs.3 and 4 show a schematic and photographic diagram of 

experimental apparatus. 

 

2.3.2 Jar test 

   The sedimentation jar test (Aztec environmental control LTD) was used to simulate 

conventional clarification, coagulation, flocculation and sedimentation steps. It consists of six 

beakers (volume of 1L) and stirrers, which could be adjusted to the same stirring conditions for 

all the beakers. The beakers were filled with 1L of sample and the coagulant was added 

simultaneously to all beakers. 
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2.4 Experimental Procedure 

 The oil emulsion was prepared with the desired concentrations (300 up to 1000 ppm) by 

injection the required volume of oil into specific volume of distilled water. Agitation was 

achieved by bubbling air into the solution for half hour in a tank. The drop oil sizes 

distribution were found by using microscope type (novex) and the mean drop diameter was 

found to equal to 20μm 

 After oil emulsion was prepared at different concentrations, SDS surfactant (25, 75 and 

150 mg/l) was added then poured gently at the top of the column, air was fed to the column 

at different velocity (0.25, 0.424, 0.849 and 1.273cm/s) by rotameter and then samples 

were taken at different time intervals 10, 20, 30 and 40 min. pH was adjusted to a desired 

value using HCL or NaOH. 

 Jar test constituted the preliminary test to determine optimum dosage of coagulant for 

(sawdust + bentonite at ratio 2:1 (Fu and Chung, 2011) (0.5+ 0.25; 1+ 0.5 and 2+1) gm , and 

alum concentration (10, 20, 30 mg/l) and determine its optimum pH from (pH=4 and pH=7) 

for optimum removal efficiency of oily wastewater.  

The jar test speed was set to be 300 rpm for at least 1 min to mix the synthetic wastewater 

then coagulation was allowed to take place for at least 25 min or until the suspended solids 

form colloids. Jar test was stopped when coagulation was completed. 

 Optimum dosages of coagulant will be added to oil emulsion at its best conditions , then it 

will be stirrer at speed 300  rpm for 1 min , then it will allowed to take place, coagulated oil 

emulsions were drained into the flotation tank, then the flotation process was allowed to take 

place for 40 minutes. 

 

2.5 Analysis 

2.5.1 Chemical oxygen demand (COD) 

   Chemical Oxygen Demand of samples was analyzed by using COD photometer apparatus. 

The appropriate amount of sample (2ml) was introduced into commercially available digestion 

solution (MR-Rang: 150-1500mg/L) containing potassium dichromate, sulfuric acid and 

mercuric sulfate. The mixture was then incubated for 120 min at 150
o
C in a COD reactor (model 

RD-125, Lovibond Company, Germany). After oxidation is complete, the COD concentration 

was measured colorimetrically at 605 nm using a DR/2010 spectrophotometer. 

2.5.2 Oil content 

   Oil content analysis was carried out using the oil content analyzer based on infrared analysis. 

It includes a single-beam, fixed wavelength, non- dispersive infrared filter-based 

spectrophotometer. Infrared radiation from a tungsten lamp is transmitted through a cylindrical, 

quartz curette containing a sample extract. The radiation which passed through the extract enters 

a detector containing a filter that isolates analytical wavelength in the 3400- to 3500-nanometer 

range (Model: HORIBA OCMA-350). 

2.5.3 Turbidity 

   The turbidity of the samples was measured using turbidity meter (laviboind meter with NTU 

unit). 
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3.  RESULTS AND DISCUSSION 

3.1 Effect of pH  

  The effect of pH plays an important role in the removal of oil emulsion by flotation method. 

Different values of pH were examined in this study (3, 4,7and 9) keeping the other parameters 

constant (initial oil concentration 500 mg/l, flow rate 500cc/min and SDS= 20mg/l).By plotting 

the concentration ratio (C/Co) versus time at various pH values, Fig.5 , it can be seen from this 

figure that concentration ratio(C/Co) of COD; oil content and turbidity decreases suddenly at 

the beginning of the run then the ratio began to increase slowly with time and it was found that 

the highest removal is achieved at pH= 4, which suggests that the repulsion between bubble and 

oil particle is lost and that adhesion between them is promoted.  

 

3.2 Effect of Initial Oil Concentration 

   Different concentrations of initial gas oil concentrations (300, 500,700 and 1000) mg/L were 

studied keeping other parameters constant (pH=4, air flow rate 500cc/min and SDS= 

20mg/l).By plotting the concentration ratio(C/Co) versus time at various initial gas oil 

concentration, Fig. 6. 

   It can be seen from this figure that concentration ratio(C/Co) of COD , oil content and 

turbidity increases with increasing initial oil concentration that because when the initial 

concentration of oil increased the contact of air bubble and oil droplet was increased , this 

result are in agreement with the results of  ,Mohammed et al., 2013. 

 

3.3 Effect of Air Flow Rate on the Removal Efficiency 
  Different air flow rates were studied (300, 500, 1000, and 1500 cc/min) that is at gas velocity 

equal to  0.25 , 0.424 , 0.849 and 1.273cm/s respectively , with keeping the other parameters 

constant (pH=4, initial oil concentration=1000ppm and SDS= 20mg/l) in order to show the 

effect of air flow rate on the concentration ratio. 

  This effect is shown in Fi g.7. by plotting (C/Co) versus time at different airflow rate and from 

this figure, it can be seen that as gas flow rate increased, the concentration ratio increased, This 

is because increasing gas flow rate causes early bubble detachment, large fluid activities (stress) 

at the bottom section and bubble coalescence and (mostly) break up. This results in a large 

number of small bubbles which facilitates collision with oil ,Sulaymon and Mohammed, 2010. 

 

3.4 Effect of Surfactant 

  The removal rate of oil from water was studied at different of SDS surfactant concentrations 

(20, 75, 150 mg/l) in order to show the effect of adding anionic surfactant on the removal rate of 

oil. Fig. 8 shows the effect of (SDS) concentration on the concentration ratio of (COD, oil 

content and turbidity). 

   The explanation of this improvement is that surfactant reduces surface tension and reduces the 

bubble diameter and increases the coalescence of larger diameter droplets which are more easily 

removed, that result is in agreement with ,Gregory and Zebal,1990. They concluded that 

chemical pre-treatment of oil-water emulsions is based on the addition of chemicals that destroy 

the protective action of the emulsifying agent, overcoming the repulsive effects of the electrical 

double layers to allow the finally sized oil droplets to form larger droplets through coalescence. 

 

3.5 Effect of Coagulant 
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   In order to study the effect of natural coagulant on the removal efficiency of gas oil emulsion 

by flotation process,(sawdust +bentonite) at its optimum dosage (1+0.5gm) was added to 

flotation process and compare the results with alum at concentration 30mg/l, Fig. 9, it can be 

seen from this figure that there is slight difference between natural coagulant (sawdust+ 

bentonite) and alum, higher removal efficiency achieved was 87% for flotation only  and 95.7%; 

97% for sawdust +bentonite and alum respectively in coagulation – flotation process. 

 

4. CONCLUSIONS 

1. The emulsified oil with concentration (300-1000 ppm) can be removed by dispersed air 

flotation; higher removal rate was achieved at 40 minutes, and it was increased with 

increasing flow rate. 

2. The best removal efficiency by dispersed  air flotation was 87% at pH 4  

3. In coagulation – flotation process ,the use of a mixture of bentonite and sawdust with 

sawdust being the vast majority for the coagulation of oil emulsion, increase the removal 

efficiency to 95.7% while when using alum ,the removal efficiency was  97%. 

 

5. RECOMMENDATIONS 

1. Utilization of other types of coagulant and using industrial or domestic wastewater for 

comparison purposes in terms of removal efficiency of oil emulsion.  

2. Studying the oily wastewater treatment by fibrous coalescer process 

3. Using two or three columns in order to enhance the removal efficiency.    

4. Studying the effect of temperature.  

5. Studying other bubble rise characteristics gas hold up trajectory and drag coefficient 

produced acceptable and consistent results 
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Table 1. Physical properties of the gas oil. 

Density(Kg/m^3) 0.84 

Viscosity(Kg/m.sec) 4.04 

API 35.1 

Surface tension(N/m) 0.0283 

 

                     

               Fig.1 Process of coagulation, flocculation and flotation ,Dempsey, 2006. 

 

               Fig.2 The functional groups of gas oil detected by FTIR analysis ,Ibn-Sina 

labs. 
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Fig.3: Schematic diagram for the experimental apparatus. 

 

               Fig.4:: Photographic diagram for the experimental apparatus 

 

 

          

 

 

 

 

 

(a)Effect of pH on concentration ratio of COD           (b) Effect of pH on the concentration ratio of oil content 
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(c) Effect of pH on the concentration ratio of turbidity  

Fig.5 Effect of pH on the concentration ratio at different time intervals at initial oil concentration 

500mg/l, flow rate 500 cc/min and SDS=20mg/l. 

  

        (a)Effect of the initial oil concentration on the             (b) Effect of the initial oil concentration on the oil   

            COD ratio                                                                      content ratio 

 

(c) Effect of the initial oil concentration on the turbidity ratio  

Fig.6: Effect of the initial oil concentration on the concentration ratio at different time intervals at 

pH 4, flow rate 500 cc/min and SDS=20mg/l. 
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      (a) Effect of the flow rate on the COD ratio                    (b) Effect of the flow rate on the oil  content ratio 

                                                                                

 

(c) Effect of the flow rate on the turbidity ratio 

 

Fig 7: Effect of flow rate on the concentration ratio at different time intervals , initial oil conc. 

=1000mg/l, pH=4 and SDS=20mg/l. 

 

        

 (a)Effect of the SDS on the COD ratio                      (b) Effect of the SDS on the  oil content ratio 
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(c) Effect of the SDS on the turbidity ratio 

Fig.8: Effect of SDS on the concentration ratio at different time intervals at initial oil conc. 

=1000mg/l, pH=4 and flow rate=1500cc/min. 

 

   

(a) Effect on the COD ratio              (b) Effect on the oil content ratio 

 

(c)Effect on the turbidity ratio 

Fig.9: Effect of coagulant on the concentration ratio at different time intervals , initial oil conc. 

=1000mg/l, pH=4 and flow rate=1500cc/min and SDS=150mg/l. 
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ABSTRACT 

The variation of compression index Cc and swelling index Cs with the degree of saturation S 

was studied on unsaturated and fully saturated soils for different degrees of saturation (100%, 

91%, 85%, 75%, 60%). Several mathematical equations were found to describe these 

relationships, these equations can be used to predict settlement during the consolidation process 

in unsaturated and fully saturated soils. 

Key words: unsaturated soils, soil compressibility, compression index, swelling index.  

 

 الوشبعةجغير هعاهل الانضغاط و هعاهل الانحفاخ هع جغير درجة الحشبع في الحرب غير  

 
 هصطفى ياسين نعوه                                عبذالكرين عصوث زينل  د.أ.م.                           علاء ناصر الجورانيد.  أ.           

 دجايعة تغذا في قسى انهُذسة انًذَية طانة       داستار يساعذ في قسى انهُذسة انًذَية جايعة تغذا        جايعة تغذاد  استار في قسى انهُذسة انًذَيه    

                                                   

 لخلاصةا

% , 011دسجات انتشثع )وانًشثعة كهيا نعذد يٍ  يعايم الاَضغاط و يعايم الاَتفاخ  في انتشب غيش انًشثعةتغيش تى دساسة 

عذد يٍ انًعادلات انتي تًثم انعلاقات تيٍ تهك انًعايلات و دسجات انتشثع تى ايجاد %( و%01 , %58 , %58 , 10

انًختهفة, ويًكٍ نهزا انًعادلات اٌ تستخذو نتخًيٍ انهثىط انحاصم في انتشتة خلال عًهية الاَضًاو في انتشب غيش انًشثعة 

 وانتشب انًشثعة . 

 ايم الاَضغاط، يعايم الاَتفاخ.انتشب غيش انًشثعة، اَضغاطية انتشتة، يع الكلوات الرئيسية:
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1. INTRODUCTION

The general field of soil mechanics can be subdivided into the portion dealing with saturated 

soils and the portion dealing with unsaturated soils. The differentiation between saturated soils 

and unsaturated soils becomes necessary due to basic differences in the material nature and 

engineering response. An unsaturated soil has more than two phases, and the pore-water pressure 

is negative relative to pore-air pressure, Fredlund and Rahardjo, 1993.  

Any soil near the ground surface, present in an environment where the water table is below the 

ground surface, will be subjected to negative pore-water pressures and possible reduction in 

degree of saturation. 

In recent years, with growing interest in the field of partially saturated soil, and the 

development of powerful numerical techniques, a number of literatures have been published. 

Researchers have dealt with partially saturated soils in many categories. 

Mainly, those could be put as: – 

1. Partially saturated soil physics and properties, 

2. Partially saturated soil constitutive relations and volume change prediction, 

3. Partially saturated soil consolidation, 

4. Partially saturated soil strength, 

5. Heat and mass transfer in partially saturated soil, and 

6. Laboratory and field-testing of partially saturated soil. 

 

 Consolidation in general for both fully saturated and partially saturated soils is concerned with 

volume change and with time as the excess pore-water pressure dissipates ,Biot, 1941, 

Fredlund, and Hasan, 1979, Lloret,  and Alonso, 1980, ,Fredlund, 1982 ,Chang and  

Duncan, 1983,Dakshanamurthy et al., 1984 ,Fredlund and Rahardjo, 1986 and  Zainal, 

2000. 
A series of Oedometer tests were conducted to determine the compressibility of soil samples 

with different degrees of saturation.  

The objectives of this study are:  

1- The variation of the compression index Cc with different degrees of saturation. 

2- The variation of the swelling index Cs with different degrees of saturations. 

3- The variation of settlement with different degrees of saturation. 

 

2. EXPERIMENTAL WORKS  

Tests were conducted to obtain the physical properties of the clayey silt soil used for this study; 

all the results (Physical properties) are shown in table. 1 then a series of Oedometer tests were 

conducted for different degrees of saturations (100%, 91%, 85%, 75%, and 60%), the results of 

settlement with loading and unloading were obtained to be investigated.  

 
3. RESULTS OF TESTS 

Oedometer tests were conducted according to ASTM D2435 (Non-observance of  fully 

saturated sample) specifications to determine the variation of volume change described as void 

ratio (e) vs. the logarithm of the incremental loading to calculate the value of the compression 

index (Cc) and the value of swelling index (Cs) of the soil. 

The same procedure was conducted for various values of degree of saturation namely 

(100%, 91%, 85%, 75%, and 60%). These values represent different air content states ,Smith 

and Smith, 1988. 
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1. Fully saturated state where S=100% represents no air in the voids. 

2. Partially saturated where S=91% represents air as occluded bubbles in the voids where 

there is no continuous path for the air through the voids. 

3. Partially saturated where S=85% represents air that has continuous path in the voids as 

well as water phase. 

4. Partially saturated where S=75% represents air that has continuous path in the voids but 

not for the water phase. 

5. Partially saturated where S=60% represents air that has continuous path in the voids but 

not for the water phase where the soil approaches minimum value of relative 

permeability of water phase. 

The standard procedure was conducted on the fully saturated sample. For the other sample where 

the degree of saturation is less than 100%, all the procedure steps were conducted except the 

soaking of the sample to maintain the degree of saturation as it is, so the deformation of the soil 

sample is determined for the degree of saturation of the sample. 

The results for the soil samples with different degrees of saturation are shown in table 2. The 

table shows the load increment as the first field, other fields show the variation of the void ratio 

(e) in response to the applied load for different degrees of saturation. 

Fig. 1 shows the results for the fully saturated soil sample (S=100%) showing the loading and 

the unloading conditions. Three lines are drawn in Fig. 1, (Line 1) is the line connecting the 

Oedometer actual readings, (Line 2) is the unloading line to determine Cs, and (Line 3) is the 

Virgin line to determine Cc from the curve. 

The same presentation of lines 1, 2 and 3 are also valid for Fig. 2 which have the same details 

about Oedometer tests for the various degrees of saturation 91%, 85%, 75%, and 60% 

respectively. 

Fig. 3 shows the variation lines for unloading conditions respectively; also describing different 

degrees of saturation, 100%, 91%, 85%, 75%, and 60% respectively. 

 

4. DISCUSSION  

The results of these tests obtained were analyzed thoroughly, and many relationships were 

obtained trying to describe the effect of the variation of the compression index Cc and the 

variation of the swelling index Cs with the degree of saturation S. these variations are shown in 

table 3. 
Fig. 4 shows the variation of Cc with the degree of saturation, this relationship can be described 

by finding the best fit curve from the data shown in Table 2. There were two best fit curves 

found to describe the relationship between compression index Cc and the degree of saturation S 

as percentage (%), the first equation is a polynomial equation of the second degree and can be 

described as: 

 

18857.0102.1032102.8322 325   SSCc                            (1) 

 

with R
2
 = 0.99744 

And the second equation is an exponential equation and can be described in Eq.(2) with R
2
 = 

0.99708. 
 

S

e
C

S

c

 02436263.0

2926336.2                               (2) 
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The two equations were extended to cover the range of degree of saturation down to 40%, the 

two equations can still give very good prediction of the variation of compression index Cc with 

degree of saturation S; though Eq. (2) was found to give more significant results for lower 

degrees of saturation, hence it is recommended to be used for prediction.  

However, and for simplicity, a linear relationship can also be used to describe the variation 

between the compression index Cc and the degree of saturation without much loss of accuracy as 

can be seen in Fig. 4 The mathematical relation is shown in Eq. (3), with R
2
 = 0.9765.  

 

0148.00024.0  SCc                                          (3) 

 

Fig. 5 shows the variation of the swelling index Cs with the degree of saturation. Swelling index 

Cs has almost the same value for a particular soil (Suzuki et al., 2011), fig. 5 also shows that the 

best fit line has a slope of almost zero value (9  10
–5

), average value is calculated to be 

0.059775 and an average deviation of 0.001425, is defined as “the average of the absolute 

deviations of data points from their mean”, and is shown in Eq. (4). 

 

                                  (4) 

 

where: 

n= number of data points 

x=data point, and 

x = average 

 

All this can tell that there is no loss of significant in using constant value for the value of Cs 

which represents the slope of the unloading curve. 

  

5. VARIATION OF SETTLEMENT WITH THE DEGREE OF SATURATION. 

It is noted from Fig. 6 that the settlement increases with the increase of the degree of saturation 

for the same loading that was used for all tests. Table 4 shows the variation of settlement ratio 

(s/H) which is the settlement normalized by dividing the settlement value (s=H mm) by the 

height of the ring used (H=19 mm), and the value (s/H) is obtained for each degree of saturation. 

The variation is shown in Fig. 6 where the minimum value of settlement ratio is found at the 

lower degree of saturation and the maximum value of settlement ratio is found at the higher 

degree of saturation. 

This is believed to be due to particles rearrangement caused by more lubrication provided by the 

presence of more water at higher degrees of saturation hence giving more settlement, and vice 

versa where less water provides more friction which resists settlement. This behavior is similar 

to the soil behavior in “wet of optimum” and “dry of optimum” sides of the compaction curve 

respectively. 

From Table 4, we can also obtain the ratio of maximum over minimum value (max./min.) of s/H 

for each loading case, the variation is shown in Fig. 7. 

Examining these values reveals that the variation is close and an average value (max./min. = 

1.63244) i.e.(∆H s=100/∆H s=60=1.63244) can be taken as a suggested value for settlement ratio 

calculations,
 
(e.g. if settlement for 1 m layer of fully saturated soil was found to be 5 cm 
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(s/H=0.05) then for 60% saturation of the same soil and also for 1 m  layer, the settlement ratio is 

0.05/1.63244=0.03 and the settlement is 3 cm.). This ratio is a good aid in estimating the 

settlement value at any degree of saturation less than 100% by only knowing the settlement value 

of the fully saturated soil sample. Fig. 8 shows the best fit lines obtained from the curves of Fig. 

7 while Table 5 shows their equations and the correlation coefficient squared. 

For practical purposes of shallow foundation design usually qall net for Iraqi soil which is 

approximately between 25 kPa to 100 kPa, it is recommended to use equations related to number 

2, 3, and 4 Table 5 where these loading conditions are most common and cover most Iraqi soil 

types either soft soils in southern parts or stronger soil in northern parts. These equations give 

more accurate values of settlement ratio which can be used to predict settlement in unsaturated 

soils. 

As an example, the loading of 100 kPa is discussed more thoroughly, and this procedure can be 

implemented to any loading case. 

Three types of best fit lines are found to have the highest coefficient of regression. These 

suggested equations are ordered from highest coefficient of regression to the lowest as shown in 

Fig. 9  
 

1) Polynomial of the second degree 

173022.0003132.0000027.0 2  SS
H

s
                                 (5) 

R
2
 = 0.990775 

 

2) Exponential relationship  

Se
H

s 011574.0040036.0                                     (6) 

R
2
 = 0.949194 

 

3) Linear relationship 

005647.0001210.0  S
H

s
                                   (7) 

R
2
 = 0.918432 

 

For simplicity, the linear relationship is recommended to be used for prediction of the settlement 

without much loss of accuracy. 

 
6. CONCLUSIONS  

1. The settlement increases with the increase of the degree of saturation for the same 

loading that was used in all tests. 

2. The compression index (Cc) variation with degree of saturation (S) can be expressed as 

an exponential relationship with very good accuracy (R
2
=0.99), and as a second degree 

polynomial (also R
2
=0.99); and for simplicity, it can be expressed as a linear relationship 

without too much loss of accuracy (R
2
=0.98).  

3. The swelling index value (Cs) is approximately constant for unloading curve for different 

degrees of saturation as expressed in the present work and previous work of (Suzuki et 

al., 2011). 
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4. The settlement ratio which can be expressed as (ΔHs=n/ΔHs=100 = constant) (n=any degree 

of saturation) can be approximated as a constant value for a specific soil, then this ratio 

can be used to predict settlement for any degree of saturation depending on the settlement 

of the fully saturated soil. 

5. The variation of (s/H) with the degree of saturation for a specific loading can be 

expressed as linear relationship with very good approximation as best fit line gives good 

accuracy as shown in the Table 5 and Fig. 8 an even more accurate expressions are 

found. 
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Table 1. The physical properties tests. 

No. Property symbol Value Specific. standard test 

1 Field water content wn 34% ASTM D2216 

2 Field mass density ρwet 1.92 gm/cm
3
 ASTM D854 

3 Specific gravity Gs 2.8 ASTM D854 

4 Initial void ratio eo 0.95 eo = (Gs/ρd )  – 1 

5 Plastic limit P.L. 30 ASTM D4318 

6 Liquid limit L.L. 44 ASTM D4318 

7 Plasticity index P.I. 14 P.I = L.L – P.L 

8 Liquidity index L.I. 0.714 L.I. = ( L.L – wn )/ P.I 

9 Sand S 10% >0.06 mm 

10 Silt M 50% 0.06>M>0.002 mm 

11 Clay C 40% <0.002 mm 

12 Soil classification ML low Plasticity 

silt 

ASTM D422 

 

Table 2. Results of Oedometer tests. 

load 

(kPa) 

( e ) at 

S=100% 

( e  ) at 

S=91 % 

( e ) at 

S=85% 

( e ) at 

S=75% 

( e ) at 

S=60% 

12.5 0.863 0.878 0.889 0.895 0.9 

25 0.824 0.838 0.856 0.868 0.878 

50 0.768 0.796 0.819 0.827 0.823 

100 0.692 0.724 0.753 0.769 0.788 

200 0.608 0.666 0.704 0.728 0.746 
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Table 3. Compression index Cc and swelling index Cs. 

S% Cc Cs 

100 0.2607 0.0617 

91 0.2345 0.0607 

85 0.212 0.0588 

75 0.1905 0.0546 

60 0.1644 0.0579 

 

Table 4. Variation of settlement / height ratio with degree of saturation S%. 

Load (kPa) 

S % 12.5 25 50 100 200 400 800 1600 

100 0.04463 0.06442 0.09305 0.13242 0.17526 0.22442 0.26894 0.318947 

91 0.03684 0.05747 0.07894 0.11578 0.14578 0.19473 0.24315 0.28452 

85 0.03157 0.04736 0.06736 0.10105 0.12631 0.15789 0.20031 0.27336 

75 0.02821 0.04221 0.06315 0.09305 0.11368 0.14421 0.19315 0.23467 

60 0.02563 0.03689 0.06473 0.08305 0.10421 0.13078 0.17105 0.20310 

 

Table 5. Load cases and best fit line equations, and correlation coefficients. 

No. Load kPa Best fit Line equation R
2
 

1 12.5 s/H = 0.0005 S - 0.0044 0.8741 

2 25 s/H = 0.0007 S - 0.0078 0.9212 

3 50 s/H = 0.0007 S + 0.0172 0.6999 

4 100 s/H = 0.0012 S + 0.0056 0.9184 

5 200 s/H = 0.0017 S - 0.008 0.8718 

6 400 s/H = 0.0023 S - 0.0213 0.8700 

7 800 s/H = 0.0024  S + 0.0157 0.8830 

8 1600 s/H = 0.0029 S + 0.0244 0.9858 

 

400 0.512 0.571 0.643 0.669 0.695 

800 0.425 0.475 0.56 0.573 0.616 

1600 0.328 0.395 0.417 0.491 0.554 

12.5 0.458 0.523 0.541 0.606 0.676 
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Figure 1.  e –log (p) curve at S=100%. 

 

 

Figure 2.  e – log (p) curve at S=91%,85%,75%,60% respectively. 
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Figure 3  e-log(p) for unloading condition for different degrees of saturation. 

 

 

Figure 4 Variation of compression index Cc with degree of saturation S% . 
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Figure 5. Variation of swelling index Cs with degree of saturation S%. 

 

 

Figure 6. Variation of max./min. settlement ratio with load. 
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Figure 7. Variation of s/H with degree of saturation S% for each load. 

 

 

Figure 8. Best fit lines for s/H for different loading cases of variation with degree  

of saturation S%. 

 

Variation of s/H with Loading

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

60 70 80 90 100

Degree of Saturation S

s
/H

50 kPa

800 kPa

400 kPa

200 kPa

100 kPa

1600 kPa

25 kPa

12.5 kPa

Variation of s/H with Loading

Best fit Lines

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

60 70 80 90 100

Degree of Saturation S

s/
H

50 kPa

12.5 kPa

100 kPa
200 kPa

400 kPa

800 kPa

1600 kPa

25 kPa



Journal of Engineering Volume   21  June  2015 Number 6 
 

                                                                                                                                                                                   

98 
 

 

Figure 9. Variation of s/H with degree of saturation S% for 100 kPa load. 
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ABSTRACT 

Active Magnetic Bearings (AMBs) are progressively being implemented in a wide variety of 

applications. Their exclusive appealing features make them suitable for solving traditional rotor-

bearing problems using novel design approaches for rotating machinery.  In this paper, a linearized 

uncertain model of AMBs is utilized to develop a nonlinear sliding mode controller based on 

Lyapunov function for the electromechanical system. The controller requires measurements of the 

rotor displacements and their derivatives. Since the control law is discontinuous, the proposed 

controller can achieve a finite time regulation but with the drawback of the chattering problem. To 

reduce the effect of this problem, the gain of the unite vector term is evaluated as a function to state 

variables. As a result the proposed discontinuous controller regulates the state to the origin in a finite 

time in spite of the uncertainty in system model and the presence of external disturbances. These 

results are demonstrated via numerical simulations. In addition the chattering in system response in 

these results is within the acceptable range.  

Keywords: active magnetic bearings (AMB), finite time regulation, linearized uncertain model, 

sliding mode controller, matching conditions. 

 

فعالت حصميم مسيطر منزلق أحادي لمنظوظت محامل مغناطيسيت  

 
الذكخورة سفانت مظهر رأفجالاسخار المساعذ  الاسخار المساعذ الذكخور شبلي أحمذ السامرائي المذرس علي مجيذ محمود  
 لسى هُذسح انسُطشج وانُظى لسى هُذسح انسُطشج وانُظى لسى هُذسح انسُطشج وانُظى

 انجايعح انركُىنىجُح انجايعح انركُىنىجُح انجايعح انركُىنىجُح

 

 الخلاصت

إٌ ذطثُك انًحايم انًغُاطُسُح انفعانح هٍ فٍ ذصاعذ يسرًش فٍ انكثُش يٍ انًجالاخ. إٌ صفاخ انًحايم انًغُاطُسُح 

انًًُضج َجعهها يُاسثح كحم يثركش نًشكهح يحايم انلأعًذج انذواسج نهًكائٍ. فٍ هزِ انىسلح انثحثُح ذى إسرخذاو ًَىرج خطٍ 

وانزٌ Lyapunov ورنك لإشرماق لاَىٌ انًسُطش انًُضنك الاخطٍ تالإعرًاد عهً دانح  نًُظىيح انًحايم انًغُاطُسُح انفعانح 

َرطهة لُاط إصاحاخ انجضء انذواس ويشرماخ هزِ الإصاحاخ. إٌ كىٌ انًسُطش هى غُش يسرًش هزا َضًٍ انىصىل انً سطح 

يش انزٌ َرسثة تحذوز يشكهح الإسذجاج. وهى الأ  Exponentialالإَضلاق تضيٍ يحذد تعذها الإَضلاق انً انهذف حسة دانح ال

نهرمهُم يٍ ذأثُش الإسذجاج ذى حساب يعايم انًسُطش انًُضنك كذانح نًرغُشاخ انحانح. كُرُجح سُكىٌ انًسُطش انًُضنك لادسا عهً 

 .ىرج انشَاضٍ(لُادج يرغُشاخ انحانح انً َمطح الأصم عهً انشغى يٍ وجىد انشك فٍ انًُىرج انشَاضٍ )انرغُش فٍ يعايلاخ انًُ

وجذ الإسذجاج فٍ إسرجاتح عذدَا. تالإضافح نزنك ذًد يحاكاخ ًَىرج يُظىيح انًحايم انًغُاطُسُح صحح انرصًُى وذأكُذ لإخرثاس 

 ضًٍ انًسرىي انًمثىل. انًُظىيح 
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انًُضنك انًُظ، ششووط انرعذَم تضيٍ يحذد، انًُىرج انخطٍ انغُش دلُك، انًسُطش ، انًحايم انًغُاطُسُح انفعانح الكلماث الرئيسيت:

 انًىاءيح.

 

1. INTRODUCTION 

Active magnetic bearings (AMBs) are noncontact support bearings for rotating machinery. Using a 

pair of electromagnets at opposite sides of the rotor, it balances the attractive magnetic forces of the 

electromagnetic actuators in order to center the rotating element in the control axis. This allows the 

rotor to float in the bearing air gap and the machine to operate without frictional losses. 

Additionally, the contactless operation of the AMBs eliminates the need of lubrication of the bearing 

components, allowing them to operate cleanly and virtually maintenance free for long periods of 

time ,Yoon,  et. al., 2013. 

Recently, there is a remarkable interest in industrial applications of active magnetic bearings 

(AMB), as in jet engines, compressors, pumps and flywheel systems that afford non-contacting 

support of rotors, eliminating distresses due to friction, wear, power consumption, and lubrication 

typical of standard bearings. AMB systems as electromagnetic devices have other exclusive abilities 

such as: high rotor speed, weight reduction, precise position control and active damping as described 

by ,Polajzer and Dolinar, 1999 and Motee and Queiroz, 2002.  

 Nevertheless, magnetic bearings are highly nonlinear and inherently unstable. The non-

linearity of the active magnetic bearing system is due to the relationship between forces that are 

generated in the electromagnetic actuator, the coil’s current and the air gap between the rotor and the 

stator. These nonlinearities bound control effectiveness and the region of stable performance as 

shown in ,Hung, 1995. The requirements of high speed, low vibration, zero friction, and clean 

environment are essential for smooth AMB operation. In addition ,Zhang,  et. al., 2002 showed that   

a controller with high robustness to uncertainty was vital. Also ,Habib and Hussain, 2003 showed 

that the open loop unstable characteristic of the magnetic bearings required feedback control to 

ensure the normal operation of AMB systems.   

 Abdul, 2007 advanced PD-like Fuzzy Logic Controller (FLC) had been designed for AMB 

system stabilization. An intelligent approach to estimate uncertainty bound was introduced by 

,Buckner, 2002 and applied to sliding mode controller design. Sivrioglu and Nonami, 1996 a 

robust H∞ controller was developed for high speed machining applications. Robustness against 

uncertainties and variations in operating conditions can be achieved as long as the uncertainty 

weighting function and performance weighting function are well tuned. However, the determination 

of these weighting functions were critical and usually very hard. Many works focused on developing 

strategies that can automate the selection of suitable weighting function. An automatic weight 

selection is developed to shape the sensitivity and complementary weighting functions,Nair et. al., 

2009. Some other works Cao, et. al., 2004 ,Arredondo and Jugo, 2007 and Zdzislaw, and  

Mystokowski, 2007 implemented ad hoc procedure for the selection of the weighting functions. 

Based on the approach of Buckner, 2002 a confidence interval neural network was developed by 

Choi et. al.,  2006 ,Gibson et. al.,  2003 and Gibson et. al., 2005 to adaptively estimate the 

uncertainty bounds for robust controller design. Raafat, et. al.,  2011 an intelligent estimate of 

uncertainty weighting function was presented for robust H2 /H∞ controller design. v- gap metric was 

utilized to validate the estimated uncertainty bounds for improved robust stability.  
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 The variable structure system was presented by Utkin, 1977 and indicated that variable 

structure control is unaffected to parameters perturbations and external disturbances. Recently, some 

applications have been developed using sliding mode control and adaptive control. For MIMO case 

the sliding mode control is designed based on hierarchy procedure as given by Utkin, 1992. As an 

alternative procedure design a unit control method is proposed for the MIMO system which 

preserved the sliding mode robustness with respect to the uncertainty in system parameters and to 

the external disturbances. The control law is designed using Lyapunov function where the root of 

this approach may be found in papers by Gutman and Leitmann, 1976 and ,Gutman, 1979. 

  In the present work the sliding mode control algorithm is employed to design a robust 

control system to AMB based on the unit control approach in the presence of model uncertainty and 

disturbances.  

 The paper is organized as follows. In section 2, the dynamics of AMB system with a flexible 

rotor is described. In section 3, a unity sliding mode controller with pole placement control is 

developed. Simulation results are presented in section 4. Conclusions are provided in section 5. 

 

2. DYNAMIC MODELING OF THE AMB SYSTEM  

In AMB systems, more than one actuator can be used in order to control the rotor levitation along 

several degrees-of-freedom (DOF). In this case, actuators are usually assembled as pairs facing 

each-other. This allows attracting the rotor in two opposite directions along one axis. Typically, the 

basic components of an AMB are: electromagnets, iron core, winding, rotor, position sensor, 

controller and power amplifier, as shown in Fig.1. The control objective is to manipulate the coil 

current i(t) so that the vertical position of the rotor x(t)  tracks the desired trajectory. AMB are 

usually available in many configurations like radial bearings, in which the main purpose is to 

guarantee the levitation even in case of total failure of an actuator axis. 

2.1 Theoretical Model 

The force generated by an electromagnetic actuator Fig.1 can be derived using magnetic circuit 

analysis and conservation of energy technique  ,Schweitzer, 1994. 

    
 

 
   

   
  

  
                                                                                        (1) 

The resulting nonlinear magnetic force Eq. (1) is proportional to the square of the coil current  and 

inversely proportional to the square of the air gap between the actuator and the rotor .    is the 

permeability of free space (          ),  is the number of turns in the coil, and    is the area 

of the air gap ,Schweitzer, 1994. In order to develop a model based control of the system in Fig.2, 

the electromagnetic force Equation (1) is linearized about a nominal operating point and an accurate 

dynamical model was formulated ,Choi et. al., 2006. The linearized system dynamics for the AMB 

system were obtained using a Lagrangian analysis of Fig.2, then they were represented using a state 

vector x composed of the rotor displacements and their time derivatives. 

 ̇                                                                                                (2)
 

                                                                                  (3)
 



Journal of Engineering Volume   21  June  2015 Number 6 
 

                                                                                                                                                                                 

102 

 

Where ,Choi et. al.,  2006. 
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with system parameters                            
             

           

                                
    

 
        

 

 
            

    

 
  and                   

                    (nominal speed:         ). The resulting continuous-time model is 

unstable, with eigenvalues  

                                                                                                   (5) 

3. SLIDING MODE CONTROLLER DESIGN 

This section proposes a unity sliding mode control strategy for the AMB system. A detailed study of 

the sliding mode control algorithm is presented in the presence of matched uncertainties and 

external disturbance with the AMB model. 

3.1 Representation of Uncertainties 

Starting by rewriting Eq. (2) to include the parametric uncertainties and disturbance effect 

 ̇                 ( )                                                                                      (6) 

where      ,                 ,       and             . Here           refer to the 

matched uncertainty in the matrices         respectively. In addition  ( ) is an external 

disturbance satisfies the matching condition. Namely 

 ( )    ( )                                                                                         (7) 

Since (   ) is a controllable pair, then the following control signal is proposed: 

                                                                                                (8) 
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where        is chosen such that the matrix 

                                                                                                                (9) 

is Hurwitz with the desired characteristic roots. Consequently Eq. (6) becomes: 

 ̇                   ( )                                                                                   (10) 

Now let the uncertainty in matrix         can be written as  

                                                                                                                      (11) 

Then the bracket   *         ( )+ can be written as: 

         ( )   *         ( )+   *(      )        ( )+                       (12) 

Assumption: The matched uncertainty           and external disturbance  ( ) are bounded. 

Accordingly  

‖(      )        ( )‖   ‖ ‖    ‖  ‖                                                                    (13) 

where ‖      ‖   ,  ‖  ‖   ,‖ ( )‖   , and α, ,   are positive constants. 

Detailed formulation of the derivation of uncertainties is provided in Appendix A. 

 

3.2 Unit Control Design 

The objective of this section is to demonstrate a design method for discontinuous control enforcing 

sliding mode in some manifold without individual selection of each component of control as a 

discontinuous state function. The approach implies design of control based on a Lyapunov function 

selected for a nominal system. The control is to be found such that the time derivative of the 

Lyapunov function is negative along the trajectories of the system with perturbations caused by 

uncertainties in the plant model and environment conditions ,Utkin et. al., 2009. 

 From previous discussion, the unit control signal    is proposed as 

     (‖ ‖)
     

‖     ‖
                                                                                     (14) 

where ‖⋅‖ is the Euclidean norm, and hence the control law in Eq. (8) becomes: 

    (‖ ‖)
     

‖     ‖
                                                                                                   (15) 

Since the system  ̇      is asymptotically stable, then by the converse theorem as given by 

Khalil, 2002 there is a Lyapunov function with a positive definite matrix   

                                                                                                        (16) 

such that  ̇         .  To this end, differentiate   with respect to time, to get: 
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 ̇     *                 ( )+    
       

       
 *         ( )+  

                                                                                                                                    (17) 

The unite vector gain  (‖ ‖) is evaluated such that  ̇ is negative definite. As a result,  ̇ is rewritten 

as follows:   

 ̇           
       

  *         ( )+                                                           (18) 

Now let us consider the following: 

(    )(     )

‖     ‖
 
‖     ‖

 

‖     ‖
 ‖     ‖, 

          
        

       

 and 

    *(      )        ( )+  ‖  
  ‖‖(      )         ( )‖ 

                                                               ‖     ‖( ‖ ‖      ) 

then Eq. (18) becomes: 

 ̇         ‖     ‖  ‖     ‖( ‖ ‖       )  

      ‖     ‖  ‖     ‖( ‖ ‖      )   ‖     ‖*   ‖ ‖      +  

                                                                                ‖     ‖* (   )   ‖ ‖   +                 

Now for 

 (‖ ‖)  
 

(   )
* ‖ ‖     +                                                                                               (19) 

then   ̇  becomes; 

  ̇    ‖     ‖         ‖ ‖                                                                                                    (20)     

This implies that the trajectory reaches the sliding surface in a finite time and remains on the sliding 

surface for all future time.  

 Note that the finite reaching time is a consequence of the unit vector term 
     

‖     ‖
 in the 

control law (Eq. (15)), and the reaching time is directly related to the magnitude of the gain  (‖ ‖) 
,Khalil, 2002. 

Eventually for the system dynamics in Eq.(6) the control law is given by 

       (‖ ‖)
 

‖ ‖
                                                                                                (21) 
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where   is the switching function vector given by 

  ,         -
                                                                

           , and  (‖ ‖)is as in Eq. (19). In addition the norm of the vector   which appears 

in the unit vector is given by (the induced inner product norm); 

‖ ‖  √   
 

                                                                                                                        (23) 

Due to the presence of a discontinuous term in the control law (
 

‖ ‖
 in Eq. (21)), the chattering 

behavior will be induce in system response. Many methods have been developed to eliminate the 

chattering problem, as in the case of replacing the discontinuous term by an approximate continuous 

form as for example the saturation function (see ,Utkin, et. Al., 2009). The price paid to eliminate 

the chattering effect by approximating the discontinuous term is that the state will be only regulated 

to a region near the origin. The size of this region depends on the approximation form. 

As an alternative solution to the chattering problem with preserving the finite time reaching 

property is by reducing the amplitude of the switching term in the control law.  In the present work 

the amplitude of the switching term  (‖ ‖) is taken as a function to the state rather than a constant 

value. This will help in reducing the chattering around the origin where  (‖ ‖) will be equal to 
(   )

(   )
. 

In the following section the unity sliding mode control law as given in Eq. (21) is applied to 

design a robust nonlinear control for the AMB system with considering both the uncertainty in 

system model and the effect of the external disturbances. 

4. SIMULATION RESULTS 

According to the plant description in section 2.1 and using Eqs. (2) and (3), simulation of the AMB 

is developed. MATLAB is used to simulate the AMB controlled system. The first experiment was 

accomplished using the following linear state feedback control equation:      , where K is 

    matrix selected to satisfy that Eq. (9) is Hurwitz with the desired characteristic roots. 

Accordingly let the following set of closed loop poles are selected as: 

  ,                                              - 

Figure 3 shows the resulted states response of the controlled AMB system. The disturbance 

effects due to noise variations are not considered in this case. Subsequently, the controller can 

effectively regulate the system as shown in Fig.4.  

Then, the uncertainty and disturbance effects are included in the simulation by considering Eq. 

(6), using the same previously designed state feedback controller. The applied disturbance is given 

by: 

    ,                                              -
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where    is uniformly distributed pseudorandom number. The transients of the system are 

drastically affected, as shown in Fig. 5.We allowed ±10% parameter variations for the matrices   

and   and further assumed 10% to 35% magnitude changes in the  ( ) term. Consequently, the 

matrices           are calculated by equations (A-5) and (A-8) respectively (Appendix A). The 

parameter variations constitute    and    is assumed to have only matched uncertainty. The 

external disturbance is a random variable with zero mean and unit variance which is assumed to 

have only matched disturbance in the simulation. Accordingly, the parameters,   and   will be equal 

to 1.7129, 0.2105 and 0.6393 respectively. The parameter   is set to 0.01 as a positive value in order 

that   ̇  becomes negative definite (Eq. (20)). In the same time   is selected small to reduce 

chattering that induced due to a high gain value of the discontinuous term  (‖ ‖). The control 

signals are shown in Fig.6. The evaluated coefficients of  vector (Eq. (23)), can be seen in Fig.7 

while Fig.8 presents the resulted norm of  . It is clear that the linear state feedback controller cannot 

overcome the effects of uncertainties and presence of disturbance. Therefore, further improvement is 

required to be applied, as described in section (3); the term unity control is included as described in 

Eq. (21). The switching gain  (‖ ‖), which is responsible for reject the uncertainty in system 

parameters and the external disturbance effects, varies continuously from 0.9876 and to less than 

0.014 rapidly in less than 9 minutes, which reflects the effectiveness of the added term to the control 

signal. 

Fig. 9 presents the transient response of the system while Fig.10 presents the control signals. 

Fig.11 presents the norm of the S function. Fig.11 also reveals the objective of the proposed 

controller in regulating the switching function vector to the origin in finite time. Here the time 

required to reach the origin is about 15 seconds. Further decrease in the reaching time can be gotten 

by increasing the gain   of the unit control according to Eq.(21). Then to further explore the 

robustness of the developed controller, another larger value of disturbance is applied as: 

    ,                                      -  

The transient response of the system is shown in Figs.12 and 13 show the control signals. The norm 

of the S function is given in Fig.14. It is clear that the new controller can effectively overcome the 

disturbance effects. Robust performance is also guaranteed in this case as proved in section (3.2). 

5. CONCLUSIONS 

This paper presents a derivation for a unity sliding mode controller design for a linear uncertain 

MIMO system subjected also to external disturbances. The proposed control is robust with respect to 

the uncertainty in system model and to the matched external disturbances since it was derived based 

on making the derivative of a candidate positive definite Lyapunov function negative definite. The 

developed unity sliding mode control was effectively derives the uncertain AMB system model to 

robust stability and performance conditions under the existence of matching condition. The 

simulation results, which are carried out for  ±10%  parameter variations for the matrices A and B 

and 10% to 35% magnitude changes in the disturbance term  ( ), clearly demonstrated the 

robustness and the effectiveness of the proposed unity sliding mode controller. In addition the 

results show that the effect of the chattering problem in sliding mode control is reduced via the use 

of a variable switching gain  (‖ ‖) which has its minimum value at the origin. 
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Appendix A: Computing the Uncertainty Matrices 

1)            
                     

    

Let    be written as: 
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]                                                                                               (A.1) 

where                  
          . Also let         be written as follows: 

  [
 
   
]                           

                                                                                    (A.2) 
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Now          becomes: 

[
  

        
]  [

 
   
] ,        -  [

  
              

]                                                    (A.4) 

where the matrix     is an invertable matrix (   (   )   ).  Therefore 

        
      

        
      

}                                                                                               (A.5) 

 )               
            

   , Let    be written as: 
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]                      

                                                                                           (A.6)                    

and with the aid of Eq. (A.2), we can write        as: 
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]  [

 
   
]    [

 
     

]                                                                                                        (A.7)                                         

Solving for    

      
                                                                                          (A.8)  

Then, by taking  

  ‖  ‖                                                                                                 (A.9) 

and 

  ‖  ‖  ‖   ‖                                                                                  (A.10) 

where  ‖ ‖  refer to the 2-norm. Therefore  (‖ ‖) will be evaluated from 

 (‖ ‖)  
 

(   )
* ‖ ‖     +                                                                                          (A.11) 
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Figure1. AMB operating principals ,Gibson et. al.,  2003. 

 

 

Figure 2. Generalized rigid rotor supported by two radial bearings ,Choi et. al.,  2006. 
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Figure 3. The transient responses of the AMB system under pole placement control, 

x(0)=2*10
3
states x(1)-x(8). 

 

Figure 4. The control signals u(1)-u(4). 
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Figure 5. The transient responses of the disturbed AMB system under pole placement control, 

x(0)=2*10
-3

.Disturbance of Eq. (28) is applied. 

 

Figure 6. The control signals u(1)-u(4). 
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Figure 7. The evaluated function S. 

 
Figure 8. The resulted norm (S). 
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Figure 9. The transient responses of the disturbed AMB system under pole placement and unity 

control, x(0)=2*10
-3

. Disturbance of Eq. (28) is applied. 

 

 

Figure 10. The control signals u(1)-u(4). 
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Figure 11. The norm |S| 

 
Figure 12. The transient responses of the disturbed AMB system under pole placement and unity 

control, x(0)=2*10
-3

. Disturbance of Eq. (29) is applied. 
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Figure 13. The control signals u(1)-u(4). 

 

 
Figure 14. The norm |S|                  
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ABSTRACT 

This paper presents a numerical analysis using ANSYS finite element program to simulate the 

reinforced concrete slabs with spherical voids. Six full-scale one way bubbled slabs of (3000mm) 

length with rectangular cross-sectional area of (460mm) width and (150mm) depth are tested as 

simply supported under two-concentrated load. The results of the finite element model are presented 

and compared with the experimental data of the tested slabs. Material nonlinearities due to cracking 

and crushing of concrete and yielding of reinforcement are considered. The general behavior of the 

finite element models represented by the load-deflection curves at midspan, crack pattern, ultimate 

load, load-concrete strain curves and failure modes shows good agreement with the experimental 

data. 

 

Keywords: finite element analysis, one way slabs, prestressed concrete slabs, bubbled slabs, 

spherical voids. 

 

  المجوفت بمحورٌن الخرسانٍت للبلاطاث الانشائً السلوك على تحرٌاث نظرٌت

 
ٌاسٍن      حسن حمودي  .م                                                                                    علً العقٍلً كامل نزار .د.أ  

     ًذنٍتقسى انهنذست ان                                                                                         قسى انهنذست انًذنٍت

    خايؼت بغذاد /كهٍت انهنذست                                                                                 خايؼت بغذاد /كهٍت انهنذست 

  

 الخلاصت

انًسهحت  راث  ٍتانبلاطاث انخشسان نخًثٍم( ANSYSفً هزا انبحث حى اسخخذاو انخحهٍم انؼذدي )طشٌقت انؼناصش انًحذدة ببشنايح 

يهى( طىلا وراث يقطغ يسخطٍم بابؼاد ۰۳۳۳الاحداه انىاحذ بابؼاد ) بلاطاث راث سختحى حًثٍم  .انفشاغاث انكشوٌت انذاخهٍت

اسخؼشاض  حى .حى فحصها كبلاطاث بسٍطت الاسناد ححج نقطخً ححًٍم هزه انبلاطاث .يهى( نلاسحفاع٥١۳يهى( نهؼشض و)٦٤۳)

. اخز بنظش الاػخباس انسهىك انلاخطً نهًىاد نخٍدت نخشقق وسحق نخها يغ اننخائح انؼًهٍت نهبلاطاث انًفحىصتاننخائح اننظشٌت ويقاس

انخشسانت وخضىع حذٌذ انخسهٍح. اظهشث اننخائح اننظشٌت اٌ انسهىك انؼاو نهنًارج انًبنٍت بطشٌقت انؼناصش انًحذدة وانًخًثهت 

انفؼال انخشسانت، وانًاط انفشم، حىافق  -كم انخشققاث، انحًم الاقصى، ينحً انحًمانهطىل ػنذ ينخصف انؼخبت، ش - انحًمبًنحً 

 خٍذا يغ اننخائح انؼًهٍت.
 

mailto:dr_nazar12000@yahoo.com
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 , البلاطاث المتفقعت,البلاطاث الخرسانٍت المسبقت الشذ ,تحلٍل العناصر المحذدة, البلاطاث راث الاتجاه الواحذ :الرئٍسٍتالكلماث 

 .الفراغاث الكروٌت
 

 

1. INTRODUCTION 

The wide application of the finite element method coupled with the availability of high-speed 

electronic digital computers has put the method in extensive use. Concrete structures may exhibit 

nonlinear behaviour due to material or geometric nonlinearities. The material nonlinearity is due to 

cracking of concrete, crushing of concrete, yielding of reinforcement and nonlinear stress-strain 

response of concrete, while the geometric nonlinearity is caused when the structure experiences 

large deformations, ANSYS Help, 2009. 

Various attempt have been made in the past to reduce the weight of concrete slabs, without affecting 

their flexural strength. Not all the internal concrete can be replaced though, since aggregate 

interlock of the concrete is important for shear resistance, concrete in the top regions of the slab is 

necessary to form the compression block for flexural resistance, and concrete in the tension zones of 

the slab needs to bond with reinforcement to make the reinforcement effective for flexural 

resistance. Also the top and bottom faces of the slab need to be connected to work as a unit and 

insure the transfer the stresses, Marais, 2009. The dominant advantage of slabs with internal 

spherical voids is that it uses )35%( less concrete than normal solid slabs. The plastic spheres 

replace the non-effective concrete in the centre of the section, thus reducing the dead load of the 

structure by removing unused heavy material. Also leads to less structural steel since the need for 

reinforcement diminishes. The building foundations can be designed for smaller dead loads as well. 

On site construction time can be shortened since slabs with internal spherical voids can be precast, 

in relation to savings in material and time, cost reductions are also typical with this system as shown 

in Fig.1, BubbleDeck, Lighter Flat, 2006.  

 

2. EXPERIMENTAL PROGRAM 

2.1 Characteristics of the Tested Slabs  

Six full-scale one way structural concrete bubbled slabs of (3000mm) length with rectangular cross-

sectional area of (460mm) width and (150mm) depth were tested as simply supported under two-

concentrated loads, in which each specimens contain (80) plastic spheres of (100mm) diameter with 

ratio of (D/H=0.67) and (26.40%) reduction in self weight/m
3
 as shown in Fig. 2. The variables 

studied are given in Table.1 ,Oukaili and Yasseen, 2014.  Load (P) is applied by means of hydraulic 

jack which acted on the slabs as two symmetrical concentrated loads (with ratio of shear span (a) to 

effective depth (d), a/d=6.88) (see Fig. 3). For all specimens, deflection at midspan, first cracking load, 

ultimate load and concrete strains are recorded and measured at various stages of loading. 

 

2.2 Material Properties 

The specimens constructed using a concrete with a compressive strength of approximately (40 

MPa). The concrete produced in the laboratory using normal Portland cement, fine aggregate, and 

crushed coarse aggregate of (10mm) maximum nominal size. Seven-wire strand of (12.7mm) 

nominal diameter (grade 270, low relaxation, confirming to ASTM A416/ A416M-06 used as 
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flexural reinforcement, at a prestressing level of (70%) of the ultimate strength (1860 MPa). In 

addition, different diameters (12mm, 10mm and 6mm) of steel bars used in this study as flexural 

and shear reinforcement. The plastic spheres were made by embodying high density polypropylene 

(HDPE) from recycled plastic with diameter (100mm).  

 

3. FINITE ELEMENT ANALYSIS 

3.1 Modeling of Material Properties 

3.1.1 Concrete 

The concrete is assumed to be homogeneous and initially isotropic. The compressive uniaxial stress 

strain relationship for the concrete model is obtained by using the following equations to compute 

the multilinear isotropic stress- strain curve for the concrete as shown in Fig. 4, Desayi and 

Krishnan, 1964. 

                                                                                         (1)   

                                                                                       (2)  

                                                                                        (3) 

                                                                                                                                        (4) 

The modulus of elasticity, , can be calculated with a reasonable accuracy from the empirical 

formula, ACI 318M-14. 

  

For the normal weight concrete based on a dry unit weight (2200-2500 kg/m
3
),  can be permitted 

to be taken as, ACI 318M-14. 

  

Poisson's ratio (v) of concrete has been observed to remain approximately constant and ranges from 

about (0.15 to 0.22) up to a stress level of 80% of , ,Neville, 1987. 

  

3.1.2 Reinforcing Steel 

Ordinary Reinforcement: For all practical purposes, steel exhibits the same stress-strain curve in 

compression as in tension. The steel  stress-strain relation exhibits an initial linear elastic portion, a 

yield plateau, a strain hardening range in which stress again increases with strain and, finally, a 

range in which the stress drops off until fracture occurs. The extent of the yield plateau is a function 

of the tensile strength of steel. For computational convenience it even often suffices to idealize the 

one dimensional stress-strain relation for steel, as shown in Fig. 5 ,Kwak, 1990.   
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Prestressing Strands: The multi-linear curve option is useful to define stress-strain curve of 

prestressing strand elements. Coordinates for each point on the curve are derived using the equations 

available in PCI Manual for the Design Handbook (PCI, 2010)  for low relaxation strands of grade 

(270 ksi) (1860 MPa) which have been summarized below and plotted in Fig. 6. 

For the elastic segment of the curve when ( ), stress in the LINK8 element ( ) is 

calculated from the following linear equation: 

              (ksi)                                                                                                               (5) 

While for the plastic segment ( ), the stress in strand elements ( ) is calculated from the 

following expression: 

     (ksi)                                                                                                               (6) 

where   and   are the strand stress and corresponding strain at any arbitrary point on the curve. 

 

3.2 Element Types  

SOLID65 is used for the 3-D modelling of solids with or without reinforcing bars (rebar). The solid 

is capable of cracking in tension and crushing in compression. The element is defined by eight 

nodes having three degrees of freedom at each node: translations of the nodes in x, y, and z-

directions. This 8-node brick element is used, in this paper, to represent the concrete. The element is 

defined by the isotropic material properties. The geometry, node locations, and the coordinate 

system for this element are shown in Fig. 7. 

LINK8 is a spar (or truss) element which used to model the steel reinforcement. The 3-D spar 

element is a uniaxial tension-compression element with three degrees of freedom at each node: 

translations of the nodes in x, y, and z-directions. The geometry, node locations, and the coordinate 

system for this element are shown in Fig. 8. 

SOLID45 is defined with eight nodes having three degrees of freedom at each node; translations in 

x, y, and z directions. SOLID45 is used to model the steel plate which existed under point load 

(applied load) and supports in order to avoid stress concentration problems. The geometry, node 

locations, and the coordinate system for this element are shown in Fig. 9 ,ANSYS Help, 2009. 

 

3.3 Real Constant and Material Properties   

The real constants for all materials used in constructing the model of reinforced concrete bubbled 

slabs are described and listed in Table 2.  Parameters needed to define the material models for the 

first specimen are given in Table 3. 

 

3.4 Modeling of Bubbled Slab 

 ANSYS program create the solid slab, solid spheres, plates, and supports as volumes. By taking 

advantage of the symmetry of both slab geometry and loading, one quarter of the entire model slab 

is used for the element analysis. The model is (1500mm) in length, with a cross-section of (150mm 
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x 230mm) for solid slab. Due to symmetry, only one loading plate and support plate are needed. 

The loading and support plates are (230mmx 150 mm x 10mm). Twenty solid spheres with radius of 

(50mm) are created  and moved to the correct positions inside the block of solid slab and by 

subtract command, subtracting all the solid spheres from the solid slab, the voids will be formed in 

the center of cross-section. The combined volumes of the slab, spheres, plates and supports, are 

shown in Fig. 10. LINK8 elements are used to create the upper and lower welded wire meshes of 

(3mm) diameter in addition to the flexural and shear reinforcement see Fig. 11. 

 

3.5 Meshing of Bubbled Slab 

Using of a triangular mesh with tetrahedron volume is necessary to obtain good results from the 

SOLID65 element. Therefore, the mesh is set up in such manner that triangular elements are created 

see Fig. 12. Also, the volume free command is used to mesh the steel plate and support. This 

properly sets the width and length of elements in the plates to be consistent with the elements and 

nodes in the concrete portions of the model. 

 

3.6 Loads and Boundary Conditions  

Rollers are used to show the symmetry condition at the internal faces. Moreover, a single line 

support is placed under the centerline of the support position to allow rotation of the support while 

vertical movement is restricted; when the loaded slab starts to displace download, rotation of the 

support should be permitted. The single line of external forces is applied to the centerline of steel 

plate to reduce the stress concentration caused by the applied force and result in early cracking. 

 

4. COMPARISON OF EXPERIMENTAL AND ANALYTICAL RESULTS 

4.1 Load-deflection Relationship  

Figs. 14 through 17 show load-deflection curves of the bubbled slabs of the present finite element 

analysis and experimental results.  

It can be observed that, the present finite element model performs satisfactorily and it predicts the 

real behavior of the bubbled slab. However, the finite element load-deflection curves in the linear 

stage are somewhat stiffer than the experimental responses for slab (BD1), while, the analytical 

load-deflection curves of slabs (BD2, BD4 and BD5) well match the test data. For bubbled slabs 

(BD6 and BD7), the finite element load-deflection curves in the linear stage are somewhat stiffer 

than that of the experimental responses. After first cracking, the stiffness of the modeled elements is 

slightly higher than that of the experimental specimens. There are several reasons that may cause 

the higher stiffness in the finite element models. First, micro-cracks produced by drying shrinkage 

and handling which are present in the concrete to some degree. They would reduce the stiffness of 

the actual specimens, while the finite element models do not include micro-cracks. Second, the 

perfect bond between the concrete and reinforcing steel is assumed in the finite element analysis, 

but the assumption would not be true for the actual specimens. As bond slip occurs, the composite 

action between the concrete and reinforcing steel begins to diminish. Thus, the overall stiffness of 

the actual specimens could be lower than what the finite element models predict, due to factors that 

are not incorporated into the models.  
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The load-deflection response at midspan for the bubbled slabs with prestress steel is essentially 

bilinear with a transition curve at the cracking load. This is due to the linear characteristics of the 

prestressing strands that do not show any yield plateau. 

The contours representing the deflected shapes of the specimen BD7 due to prestressing force and 

ultimate load is shown in Fig. 18. 

 

4.2 First Cracking and Ultimate Loads  

The first cracking and ultimate loads obtained in analysis by (ANSYS) program are compared with 

experimental results for all the bubbled slabs. The values are given in Table 4. 

In finite element analysis, it is found that, the first cracking load (Pcr) is formed at (39.8%, 53%, 

55.5%, 69%, 63% and 69.8%) of the ultimate load (Pu) of bubbled slabs (BD1, BD2, BD4, BD5, 

BD6 and BD7), respectively. Based on the finite element analysis, the first cracking loads for all 

models are almost higher than those from experimental results. 

The average value of the ratio of the experimental load at first cracking to the corresponding load 

observed in the analytical results is found be (0.91) with a standard deviation of (0.084). While, at 

ultimate load the average and the standard deviation become (0.95 and 0.073) respectively. 

 

4.3 Load-Concrete Strain Relationship  

Figs. 19 and 20 show the distribution of concrete strains at the ultimate load in the longitudinal x-

direction, along the bubbled slabs (BD1) and (BD4), respectively. It is noted that, the maximum 

compressive strains for (BD1) are at the upper fibers of the cross-section at midspan, while, for 

prestressed bubbled slab (BD4), they are located at the support region at the level of prestressing 

steel, this is due to the assumption of the perfect bond between the concrete and prestressing steel in 

the finite element analysis. But, the maximum tensile strains for all bubbled slabs are located in the 

region occupied by the spherical voids. 

The compressive and tensile strains data for concrete collected from the experimental test of 

bubbled slabs are compared with the results obtained from the finite element analysis. It is noted 

that, the analytical load-concrete strain curves in the linear stage are somewhat stiffer than the 

experimental responses, after this stage, the strains in the concrete calculated by ANSYS are higher 

than those from the experimental results especially in the bottom fibers as shown in figures 21 and 

22. 

The analytical results show that, there is a significant increase in concrete strain of bubbled section 

occupied by the spherical voids in comparison with solid section (between two voids) for the 

bubbled slab.  

 

4.4. Crack Pattern and Failure Mode 

In finite element analysis, it is observed that, the first flexural cracking initiates at (39.8%-69%) of 

the ultimate load, and at this stage of loading, the tensile stress in concrete reaches the modulus of 

rupture, and crack appears in the zone of maximum tensile stress. As the load increases, flexural-

shear cracks appear in shear span. Flexural failure mode for bubbled slab (BD1) is shown as circles 



Journal of Engineering Volume   21  June  2015 Number 6 
 

                                                                                                                                                                               

123 

 

at midspan  and  spread toward the top fiber of bubbled slab in compression zone as shown in Fig. 

23.  

For prestressed bubbled slabs (BD2, BD4, BD5, BD6 and BD7), the first flexural cracks are 

observed as circles in the tension face of the bubbled slabs at midspan. As the load is increased, 

these cracks spread horizontally to the support and vertically to the top fiber of slabs, and when load 

increases, web-shear or flexural-shear cracks form diagonally in the voids region resulting in shear 

failure, as shown clearly in Fig. 24 for bubbled slab (BD6).  

 

5. CONCLUSION 

Based on the analytical results, the following conclusion may be drawn: 

 1- The general behavior of the finite element models represented by the load-deflection curves at 

the midspan of the bubbled slabs shows good agreement with the experimental results. However, 

the finite element models show slightly more stiffness than the test data in both the linear and 

nonlinear ranges. The effects of bond slip and micro-cracks that occur in the experimental slabs 

which are excluded in the finite element models are contributing to the higher stiffness of the finite 

element models.  

2- First cracking and ultimate loads for most models calculated by the finite element analysis are 

almost higher than those from the experimental data.   

3- The variation of strain over the depth of cross-sections due to the incremental load for the finite 

element models, shows good agreement with the test data. Also, The analytical results show that, 

there is a significant increase in concrete strain of bubbled section occupied by the spherical voids 

in comparison with solid section (between two voids).  

4- The crack patterns at the first cracking and ultimate loads obtained by the finite element models 

correlate well with the observed failure modes of the experimental slabs. 
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NOMENCLATURE 

 

  = ultimate deflection, mm 

= ultimate compressive strain 

= the cylinder compressive strength of concrete, MPa  

= stress at any strain , MPa 

= strain corresponding to ( ) 

= strain at the ultimate compressive strength   

= the air-dry unit weight of concrete, kg/m³  

 

Table 1. Summary of test data ,Oukaili and Yasseen, 2014. 

Specimen 

Thickness of 

Specimen, 

mm 

Sphere 

Diameter, 

mm 

Distance c/c 

of Spheres, 

mm 

D/H 

 

Type of 

Reinforcement 

 

Number of 

Bars and / or 

Strands 

Number 

of  

Spheres 

BD1 
150 100 115 0.67 

Non-prestressed 2φ12 mm 
80 

BD2 Partially  Prestressed 
6φ12 mm & 

2φ12.7 mm 
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Table 2. Real constant. 

Real 

Constant 

set 

Element 

Type 
Constant 

1 

 
SOLID65 

 
Real Constant 

for Rebar 1 

Real Constant 

for Rebar 2 

Real Constant 

for Rebar 3 

Material number 0 0 0 

Volume ratio 0 0 0 

Orientation angle 0 0 0 

2 LINK8 
Cross-sectional area, mm 99.6 

Strand Φ 12.7mm 
Initial strain, mm/mm 0.0056 

 

3 

 

LINK8 

Cross-sectional area, mm 113.09 
Steel Φ 12mm 

Initial strain, mm/mm 0 

 

4 

 

LINK8 

Cross-sectional area, mm 78.53 
Steel Φ 10mm 

Initial strain, mm/mm 0 

5 LINK8 
Cross-sectional area, mm 7.06 

Steel Φ 3mm 
Initial strain, mm/mm 0 

6 LINK8 
Cross-sectional area, mm 28.27 Steel Φ 6mm 

 Initial strain, mm/mm 0 

7 SOLID45   Steel Plate 

 

 

 

 

 

Table 3. Material properties. 

BD4 Partially  Prestressed 
2φ12 mm & 

2φ12.7 mm 

BD5 Fully Prestressed 2φ12.7 mm 

BD6 Partially  Prestressed 
2φ12 mm & 

3φ12.7 mm 

BD7 Fully Prestressed 3φ12.7 mm 

Material 

model 

number 

Element 

type 
Material properties 
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1 SOLID65 

 

Linear iotropic 

Ex 27583MPa 

PRXY 0.2 

 

Multilinear isotropic 

 Strain Stress, MPa 

Point 1 
0.00046 12.93 

Point 2 
0.0008 15.98 

Point 3 
0.0015 29.74 

Point 4 
0.0020 35.83 

Point 5 0.0029 43.10 

 

 

Concrete 

0.2 ShrCf-Op 

0.8 ShrCf-Cl 

4.31MPa UnTensSt 

43.1MPa UnCompSt 

0 BiCompSt 

0 HydroPrs 

0 BiCompSt 

0 UnTensSt 

0 TenCrFac 
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Material 

model 

number 

Element 

type 
Material properties 

2 

LINK8  

Strand Φ  

12.7mm 

Linear isotropic 

197500MPa Ex 

0.3 PRXY 

 

Multilinear  isotropic 

 Strain Stress, 

MPa 

Point 1 0.0085 1657 

Point 2 0.009 1724 

Point 3 0.0095 1751 

Point 4 0.010 1770 

Point 5 0.015 1827 

Point 6 0.020 1860 

 

3 

LINK8  

Steel Φ 

 12mm 

Linear isotropic 

200000MPa Ex 

0.3 PRXY 

 

Bilinear  isotropic 

Yield Stss 442MPa 

Tang Mod  0MPa 

 

4 

LINK8 

Steel Φ 

 10mm 

Linear isotropic 

200000MPa Ex 

0.3 PRXY 

 

Bilinear  isotropic 

Yield Stss 483MPa 

Tang Mod  0MPa 

 

5 

LINK8 

Steel Φ 

 3mm 

Meshes 

Linear isotropic 

200000MPa Ex 

0.3 PRXY 

 

Bilinear  isotropic 

Yield Stss 546MPa 

Tang Mod  0MPa 

 

6 

LINK8 

Steel Φ 

 6mm 

Stirrup 

Linear isotropic 

200000MPa Ex 

0.3 PRXY 

 

Bilinear  isotropic 

Yield Stss 598MPa 

Tang Mod  0MPa 
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Table 4. Comparison of experimental and analytical results. 

 

 

 
Figure 1. BubbleDeck floors system. 

 

 

 

 

7 SOLID45 

Linear isotropic 

200000MPa Ex 

0.3 PRXY 
 

Specimen 

Experimental Finite Element Analysis 
 

Pcr(EXP) 

/Pcr(FEM) 

 

Pu(EXP) 

/Pu(FEM) Camber,     

mm 

Pcr, 

kN 

Pu, 

kN 

Δu, 

mm 

Camber,     

mm 

Pcr, 

kN 

Pu, 

kN 

Δu, 

mm 

BD1 0 14 43.5 14.90 0 16.5 41.5 13.84 0.85 1.05 

BD2 2.16 54 92 21.54 2.00 56.5 106.5 18.97 0.95 0.86 

BD4 2.30 46 86 20.00 2.00 51.5 92.75 19.75 0.89 0.92 

BD5 2.45 40 78 16.05 2.10 51 73.87 17.42 0.78 1.05 

BD6 3.98 65 98 19.42 3.00 66.5 105.25 16.66 0.97 0.93 

BD7 4.40 61 94 14.60 3.40 66.5 95.25 13.49 0.91 0.98 

Welded Wires 

Mesh Ф3mm 

2Prestressed Strands 

(7wires)Ф12.7mm 

 

StirrupsФ6 mm 

@ 180 mm  

 

   2Ф10 mm 

 

Plastic  

Spheres      

Ф 100mm 

Ф 100mm 

 

   35 mm 

2Ф12 mm  

930 mm 

51mm 

460 mm 

 

150 mm 
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150 mm 

3000 mm 

2800 mm 

100 mm 
2Ф12 mm  

930 mm 

940 mm 

 

930 mm 

 

350 mm 

2Prestressed Strand 

(7wires)Ф12.7mm 

 

Welded Wires Mesh Ф3mm 2Ф10mm  

 

Plastic  Spheres Ф 100mm  

 

2Ф12mm StirrupsФ6 

@180mm  

 

m 

StirrupsФ6 

@310mm  

 

m 

    P/2     P/2 

930 mm 

 

Figure 2. Reinforcement details. 

  

 

 

 

 

 

 

 

 

Figure 3. Full-scale model under loading. 

 

Figure 4. Simplified compressive uniaxial stress-strain curve for concrete. 
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Figure 5. Steel stress-strain relation.                    Figure 6. stress-strain curve for strand. 

 

 

 

 

 

Figure7. SOLID65 element.           Figure 8. LINK8 element.               Figure 9. SOLID45 element.  

 
Figure 10. Modeling of concrete bubbled slab, steel supporting plate and steel loading plate. 

Steel Supporting 

Plate 

 

Steel Loading 

Plate 

Plate 

 

 

Concrete 

Sphere 

 

Concrete 

Slab 
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Figure 11. Modeling of flexural and shear reinforcement.  

 

 

 

Figure 12. Meshing of concrete, support and plate.  

Stirrups Φ 6mm 

 Welded Wire 

Meshes  Φ 3mm 

 

Steel Bar Φ 10mm 

 

Steel Bar Φ 12mm 

 
Strand Φ 12.7mm 

 

  Level of Φ10mm Steel 

and Φ6mm Stirrups 

      Level of Φ3mm Meshes 

      Level Φ12.7mm Strand 

    Level of Φ12mm Steel   

and Φ 6mm Stirrups 

 

Concrete (Solid65 Element)  

 

Steel Supporting Plate 

(Solid45 Element) 

Element Thickness 10mm 

Concrete (Solid65 Element)  

 

(b) Isometric  View 

(a) Side View 

Steel Loading Plate (Solid45 

Element) Element Thickness 10mm 
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Figure 13. Loads and boundary conditions.  

 

Figure 14. Comparison of experimental and analytical load-central deflection curves for BD1. 

 

 

Support Condition 

Planes of Symmetry Condition 

Line of Acting Forces 
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Figure 15. Comparison of experimental and analytical load-central deflection curves for BD2. 

 
Figure 16. Comparison of experimental and analytical load-central deflection curves for BD4. 

 
Figure 17. Comparison of experimental and analytical load-central deflection curves for BD7. 

 
(a) Deflected shape due to prestressing force.        
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(b) Deflected shape at failure.   

Figure 18. Deflected shape for BD7. 

 
Figure 19. Strain contour for BD1 at ultimate load. 

Bubbled Section 

Solid Section 

1400mm 

1342.5mm 
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Figure 20. Strain contour for BD4 at ultimate load. 

 

 

Solid Section 

Bubbled Section 
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Figure 21. Comparison of experimental and analytical load-concrete strain curves for BD1. 

 



Journal of Engineering Volume   21  June  2015 Number 6 
 

                                                                                                                                                                               

137 

 

 

 
Figure 22. Comparison of experimental and analytical load-concrete strain curves for BD2. 
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Figure 23. Comparison of experimental and analytical crack pattern at ultimate load for BD1. 

                   

 

 

 

 

 

 

Figure 24. Comparison of experimental and analytical crack pattern at ultimate load for BD6. 

Flexural  Cracks 

Web-shear Cracks Web-Shear  Cracks 
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ABSTRACT 

Health and environmental factors as well as operational difficulties are major challenges facing 

the development of an anaerobic digestion process. Some of these problems relate to the use of 

sludge collected from primary and secondary clarifier units in wastewater treatment plants for 

laboratory purposes. 

The present study addresses the preparation of sludge for laboratory purposes by using a mixture 

that consists of the digested sludge, which is less pathogenic, compared to the collected sludge 

from the primary or secondary clarifier, and food wastes. The sludge has been tested 

experimentally for 19 and 32 days under mesophilic conditions. The results show a steady 

methane production rate from the anaerobic digester which used sludge with a rate of 1.5 l/day 

and concentration around 60%, with comparatively low H2S gas content (10 ppm). The methane 

produced from the digester that used only digested sludge decreases during the experimental 

period.  

 

Keywords: anaerobic digestion, digested sludge, food waste, biogas. 

 

 الهضم اللاهىائي لاختبارالتحضير المختبري للىحل الافتراضي 

 
 وليم زيمرماند.                                                                 ستيف ولكنسه د.                                               محمىد خسعل حماديد. 

 بشٔفسٕس                                                                           بشٔفسٕس         يذسط                                                              

 قسى انُٓذست انكًٛٛبٔٚت                                            قسى انُٓذست انكًٛٛبٔٚت ٔانببٚهٕخٛت         ٛبٔٚت                                   قسى انُٓذست انكًٛ 

 بشٚطبَٛب  -خبيعت شفٛهذ                                     بشٚطبَٛب                     -خبيعت خسخش          كهٛت انُٓذست خبيعت بغذاد                                

 

 الملخص

لا صانج حٕاخّ حطٕٚش عًهٛت انٓعى  ْٙ ححذٚبث سئٛسٛت  ٗ انصعٕببث انخشغٛهٛتانعٕايم انصحٛت ٔانبٛئٛت ببلاظبفت ان

فٙ  تفبٚش( الابخذائٛت ٔانثبَٕٚيٍ ٔحذاث انخشسٛب)انكلاسٚ انز٘ ٚؤخزانلإْائٙ. بعط ْزِ انًشبكم حخعهق ببسخخذاو انٕحم 

ٔحذاث يعبندت انًٛبِ انثقٛهت نلاغشاض انًخخبشٚت. انبحث انحبنٙ ٚخُبٔل ححعٛش انٕحم نلاغشاض انًخخبشٚت يسخخذيب خهٛط يٍ 

 يٍ ٔحذاث انخشسٛب انًأخٕرببنًقبسَت يع  نلايشاض كٌٕ اقم حسببب  ٘ ٚنزهٕخٛب فٙ انٓعى انلإْائٙ, ٔابٚانٕحم انًعبنح ب

شٔف حشاسٚت ظج ٕٚيب حح  32ٕٔٚيب   11ذائٛت ٔانثبَٕٚت, يع يخهفبث انطعبو. انٕحم انًقخشذ اخخبش حدشٚبٛب نًذة خبالا

 نخش/ٕٚو ٔبخشكٛض  1.1يع يعذل  انُخبئح بُٛج اسخقشاسٚت يعذل اَخبج انًٛثبٌ يٍ انٓعى انلإْائٙ انًسخخذو انٕحم. يخٕسطت

َخبج انًٛثبٌ انًُخح يٍ انٓبظى . بًُٛب يعذل ا(خضء ببنًهٌٕٛ 10 )انٓٛذسٔخٍٛ خٛذ كبشٚيحخٕٖ قهٛم يٍ غبص  , يعحقشٚبب% 00

 ت.  ٛبٚفخشة انخدشانخُبقص خلال ٚنز٘ ٚسخخذو انٕحم انًعبنح بٛبنٕخٛب فقط ا

 

  ., انغبص انحٕٛ٘انطعبو هٕخٛب, يخهفبث ظى انلإْائٙ, انٕحم انًعبنح ببٚ: انٓالكلمات الرئيسية

mailto:mkh_control@yahoo.com
mailto:s.j.wilkinson@chester.ac.uk
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1.  INTRODUCTION 

Anaerobic digestion is an important economic and biological process. It includes four stages 

(hydrolysis, acidogenesis, acetogenesis, and methanogenesis) in the absence of oxygen. The 

main benefits of this process are: sludge stabilisation; reduction of pathogens; reduction of odour 

and solids content in the sludge; conversion of organic matter into energy (biogas) for use as a 

renewable energy source; and production of fertilizer for agriculture ,Montgomery and 

Bochmann, 2014 ,Castellucci et al., 2013 ,Chelliapan et al., 2012 ,Batstone et al., 2002 and  

Angenent et al., 2004.  

Collection of the sludge from either primary or secondary clarifier units for laboratory purposes 

has become unacceptable for health and environmental reasons, which have become a major 

concern for many researchers and being an additional burden when they are conducting their 

experimental work.  

Even though several attempts have been made to resolve these problems through the use of 

simulated sludge, the results obtained from these experiments have been compromised by the use 

of simulated sludge, and the question of how closely it conforms to real sludge. In most cases, 

the physical, chemical and biological properties of fresh sludge, collected from wastewater 

treatment plants, are unknown; in addition they continually change. Such changes can be 

influenced by, for instance, the type of wastewater, sampling and storage duration, handlings and 

transfers from wastewater treatment plant to the laboratory, weather conditions and seasonal 

changes, variation of water treatment equipment design and operating conditions. Biologically, 

many types of anaerobic bacteria exist in wastewater, Baudez et al., 2007.  

The activity and type of these bacteria mainly depend on the characteristics of wastewater and 

weather conditions at the time of sampling, as well as on the collection method used. These 

parameters, for instance, would strongly affect the biogas production rate and the efficiency of 

biodegradation of the organic matter in the sludge. Chemical and physical properties of sewage 

sludge vary with time; this makes it difficult to link the results obtained from experiments carried 

out using different sludge batches (e.g. starter inoculums).  

Therefore, in an attempt to prevent this problem occurring, the authors of the present study 

considered using an identical sampling procedure for the sludge by taking sludge samples from 

one pre-identified source. The sludge inoculums which been simultaneously taken from a 

wastewater treatment plant would have been introduced  into the two reactors under similar 

operating conditions, in an attempt to produce the most accurate results possible; as is reported in 

this study. However, the collection of sludge samples from primary and/or secondary clarifiers 

for lab-tests has become unacceptable due to numerous health and environmental restrictions.  

Hence, a process for the simulation of sludge samples has been adopted in an attempt to 

overcome these restrictions.  

In earlier studies, a synthesised sludge consisting of organic and inorganic synthetic components 

has been used, Baudez et al., 2007and  Dursun et al., 2004. However, the suggested methods 

still need to be further clarified through simpler procedures for preparation and use. 

This study suggests using a mixture of digested real sludge (which pose less danger than sludge 

collected from primary and secondary clarifiers) and simulated sludge formed from food waste. 
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2. MATERIALS AND METHODS 

2.1 Synthetic the Suggested Sludge 
Achieving secure discharge of the food waste collected from households, restaurants, and 

residues from the food industry, which makes up about 70% of the total municipal solid waste in 

Malaysia, Hassan et al.,2001 and three billion tons in Europe in 2003 ,Pavan et al., 2007 has 

become a major challenge for the environment. Several methods have been used for the 

treatment of food waste. Although landfill dumping of food waste has been the most common 

method of reducing the volume, pathogens and odour of such waste, the incurred costs and 

comparatively large areas taken up by landfill sites are serious drawbacks of this method. 

Utilisation of food waste as a source of energy generation has become the best practice both, 

environmentally and economically, through the use of biological processes such as anaerobic 

digestion. Such treatments have the combined benefits of reducing the effects of food wastes as 

well as producing biogas and digested sludge (compost) which can be used as soil fertiliser. The 

different types of organic matter which make up food waste are presented in Table 1 ,which 

shows the substrates that are required for the anaerobic digestion process. 

The simulated sludge, which was suggested in this study, consists of a mixture of anaerobic 

digested sludge mixed with food wastes. The components and quantities of the food wastes 

constituents used in the present study are presented in Table 2. 

Fresh meat, red beans, peas, lentils, white beans, chickpeas, carrots, and rice are the principle 

materials used in the sludge in the present study, since these materials have the organic material 

(lipids, polysaccharides, proteins and nucleic acids) necessary for anaerobic bacteria. The first 

six materials were initially boiled at 100 
o
C for 1 hour, before being added to the rice, which has 

been soaked in water for 24 hours. Then, the product from the previous stage was thoroughly 

mixed for 30 min to make a simulated food waste with more slurry after adding the water. 

According to the recommendations provided by earlier studies, feeding the digester with 

nutrients or trace metals was not necessary, Perez-elvira et al., 2011 ,Chamy and Ramos, 

2011, ,Braguglia et al., 2011,  ,Kim et al., 2011 and Siggins et al., 2011. The studies reported 

that sludge taken from wastewater treatment plant did not require the addition of any 

supplementary nutrients or trace metals, as the used sludge already contained lipids, 

polysaccharides, proteins and nucleic acids that are required for the digestion process. 

The digested sludge, used in these experiments, was collected from an outlet stream of a full-

scale mesophilic digester at “Woodhouse wastewater treatment plant” in the UK.  

 

2.2 The Experimental Setup 

Two main setup procedures were applied in this study. The first procedure was experimental 

testing of the suggested mixture, which was used in the first setup trial. This mixture consisted of 

a portion of the digested sludge collected from our earlier experiments and a portion of the 

digested sludge collected from the anaerobic digester from wastewater treatment, in addition to 

the food waste which was simulated and prepared in the present study. The aim of the second 

setup practice was to analyse the prepared simulated sludge in order to create a semi-continues 

process for long operation periods. 

In this experiment, two identical bench-scale anaerobic digesters were setup. The digester has an 

overall volume of 15 litres, with a working volume of 9 litres. The working days of this 

experimental work were 19 and 32 days. The digesters were operated under mesophilic 
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conditions (36
o
C to 38

o
C). Continuous measurements of biogas produced from both digesters 

were achieved by downward displacement of acidic aqueous solution (pH <4). All volumes of 

biogas given in this study have been corrected to 1atm pressure and 20
o
C. Thus, the total volume 

of biogas equals to volume of the collector (i.e volume of cylindrical tube). Continuous 

measurement of methane, carbon dioxide and hydrogen sulphide concentrations in the biogas 

mixture was carried out daily by biogas analyser (Data gas analyser, Model 0518) at 1atm 

pressure. A schematic diagram and photograph of the experimental apparatus is shown in Fig.1 

and Fig.2 respectively. The digested sludge collected from Woodhouse Wastewater Treatment 

Plant (WWTP) in the United Kingdom, was used with the same preparation procedure that was 

used in first stage.   

A PID controller was used in the present study to maintain the temperature in the reactor with 

mesophilic conditions. The digester was fitted with a pH controller, type ON/OFF controller 

(model BL931700 pH minicontroller) to monitor pH values in the digester. 0.2M sodium 

bicarbonate (NaHCO3) was used to adjust the digester pH to the optimum pH value, (6.8 - 7.4, 

which provides a suitable environment for growth of the anaerobic bacteria). 

Volatile fatty acids (VFAs) content was measured according to Hach Lange for Water Quality 

procedure, Esterification method, 1962 in which the sample was filtered by centrifugal device 

(Eppendorf centrifuge 5810) at 2000 rpm for 10 min. Then, an aliquot of 0.5 ml of centrifuged 

sample was pipetted into a dry 25 ml sample cell. While the second dry sample cell has 0.5 of 

deionised (DI) which was prepared to calibrate the spectrometer device. Ethylene glycol (1.5 ml) 

and sulphuric acid (0.2 ml and 19.6 N) were also introduced into each sample cell. The 

hydroxylamine hydrochloride solution (0.5 ml), sodium hydroxide (2.0 ml and 4.5 N) and ferric 

chloride sulphuric acid solution (10 ml) are used in the evolution of VFAs.  

 

3. RESULTS AND DISCUSSION  

Many experiments with different conditions and methods were conducted in order to achieve the 

best simulation process. The experiments were carried out starting with raw sludge collected 

from WWTP, followed by the direct use of the food waste and digested sludge. Although many 

experiments gave negative results, some of the experiments which showed positive results have 

encountered environmental problems (e.g. producing huge amounts of H2S gas). For instance, 

when the food waste was used as a sole feed stock with no added digested sludge; huge amounts 

of biogas were produced with comparatively high H2S content, which was out of the range of the 

biogas analyser used in this experiment. This increase was result of high organic loading rate that 

led to inhibit the methanogenesis bacteria, Babaee  and  Shayegan, 2011. Thus, hydrogen and 

acetate produced from the early stage of this process can be consumed by sulfate-reducing 

bacteria, which considers thermodynamically favourable more than methanogenesis bacteria in 

consumption of hydrogen and acetate, to produce hydrogen sulphide ,Isa et al., 1985. Therefore, 

concentration of hydrogen sulphide in the biogas is an indicator of the success or otherwise of 

the anaerobic digestion process, Karhadkar et al., 1986. This problem, consequently led to a 

full shut down of the digestion process.  

In further experiments, the efficiency of the simulated sludge prepared for use in this study was 

evaluated by measuring the biogas production rate from anaerobic digestion as methane gas. The 

latter is produced by methanogenic bacteria through the anaerobic digestion process, which, 

when encounters any problem, prevents or slows biogas production (methane and carbon 

dioxide). Methane, carbon dioxide and hydrogen sulphide, as well as oxygen, were continuously 

monitored during the experimental operation period. 



Journal of Engineering Volume   21  June  2015 Number 6 
 

                                                                                                                                                                                  

144 
 

The effect of the addition of the food waste supplement to the feed substrate on biogas 

production has been investigated in this section. Figs.3 and 4 show yield of biogas from two 

anaerobic digesters fed with and without supplementary food waste substrate, respectively. It can 

be clearly seen that the amount of biogas produced from the first digester, which was fed with 

supplementary food waste, is more than that produced from the second digester (e.g. fed with 

only digested sludge). 

Fig.5 shows the biogas concentration produced from the digester that was fed with 15 ml of food 

waste. During the first six days of the experiment, the carbon dioxide produced from the digester 

was more than the methane. The main reason for this is that high production of carbon dioxide 

takes place in the second stage of the anaerobic digestion process via converting the propionate 

and butyrate to acetate, hydrogen and carbon dioxide as shown in the following equations. 

Moreover, the acidogenesis bacteria are faster growing than methanogenesis bacteria. However, 

it depends on the activity of anaerobic bacteria, sampling and operational conditions.  

 

                     

                  

                             

                

As some of the produced carbon dioxide remains as a dissolved gas in the sludge, another 

portion of CO2 gas strips up of the digester to biogas collector.  

In addition, in this stage, the methanogenic bacteria have a very slow growth and they need time 

to complete the fermentation process. These bacteria convert a part of the produced carbon 

dioxide to methane by reducing the partial pressure of hydrogen produced from the second phase 

to around 10
-4

 atmosphere, Schink, 1997 and Stams et al., 2005. Reduction of hydrogen 

concentration to this level ensures the success the whole process by reducing the accumulation of 

volatile fatty acids, as well as increasing the production of methane. The amount of methane 

produced from the reaction of hydrogen with carbon dioxide is estimated by 30%,  Appels, et 

al., 2008, ,Sahlstrom, 2003 ,Ahring, 2003 and Metcalf and Eddy, 2003. Thus, the methane 

production usually increases day per day until reaches to a known-value (e.g. ≈60%). During the 

operation of the anaerobic digestion process, 15 ml of food waste slurry was fed into the digester 

every day. Equally, similar quantities of sludge were removed daily from the digester in order to 

maintain a constant working volume.  

In order to evaluate the efficiency of the degradation process of organic material (food waste) at 

different stages, the concentration of volatile fatty acid (VFAs) was measured at different 

intervals during the operating period, considering that the VFAs are raw materials to produce the 

acetates molecules by acetogenic bacteria. Fig.6 below indicates that the concentration of VFAs 

in the digester fed with sludge and food waste show higher values than that in the digester with 

sludge only. Moreover, there were no significant variations in pH values throughout the 

experiments, and the pH values were kept at optimal conditions as shown in Fig.7. Thus, this 

finding evidently supports the fact that the increase in VFAs was not because of an accumulation 
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process, but these values would be converted into acetate by acetogenic bacteria and then to the 

methane by methanogenic bacteria. 

Although the experiment in this stage has shown encouraging results with both digested sludge 

and food waste, this experiment was repeated but for a longer operation period in an attempt to 

confirm the obtained results and the behaviour of the process. Figs.8 and 9 show the methane 

and carbon dioxide produced from the anaerobic digester, respectively, over 32 days of 

operation. The trend of methane production has been stable during the operation period.  

Fig.10 below shows percentages of biogas components (e.g. CH4 and CO2) produced from the 

anaerobic digester fed with a simulated sludge. It can be seen that the percentages of main gases 

(methane and carbon dioxide) were around 60-70% and around 20%, respectively. The data 

obtained from the experiments shows that the use of suggested simulated sludge keeps operation 

of the anaerobic digestion with desired results, providing that H2S values are kept low as shown 

in Fig.11. 

It would, therefore, be expected that any accumulation of dissolved CO2 in the digesters without 

pH control would lead to lowering of pH, however, as shown in Fig.12, the results showed the 

capability of the used pH control system to maintain the pH within an ideal range in both 

digesters. It should also be noted that there was also a natural buffering effect whereby acids 

produced can immediately react with ammonia produced from biodegradation of proteins. 

 

4.  CONCLUSION 

Collecting sludge from either primary or secondary clarifier units in wastewater treatment plants, 

for laboratory purpose, has been unacceptable due to several health and environmental reasons. 

The present study suggested mixture, which consists of digested sludge fed with food waste as 

semi-continuous process, for laboratory purposes. The results obtained from the experiments 

shows that the use of the suggested simulated sludge through 19 and 32 day, keeps operation of 

the anaerobic digestion with desired results (60% methane), while the hydrogen sulphide values 

are kept low no more than 10 ppm. According to these results, the use of such a preparation for 

the purposes of laboratory when dealing with anaerobic digestion, provides the stability of the 

process with less environmental and health hazard. 
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Table 1. Type of organic matters in food waste. 

 Organic 

materials 

Source 

Lipids  

Butter, Cheese, Whole Milk, Ice Cream, Cream And Fatty Meats 

 

Polysaccharides 

 

Potatoes, Wheat, Corn, Rice, and Cassava 

 

Protein 

 

Lamb, Egg, Beef, Marmite 

 

Nucleic acids 

 

Plant and animal foods like meat, Certain vegetables and alcohol 

          

Table 2. Details of materials which was used in the synthetic sludge. 

          Name Organic content Quantity  (g) 

1 Rise 

Carbohydrates (80%), Fat, Protein, Vitamin  

B1,2,3,5,6,9,C, Calcium, Phosphorus, Potassium, 

Iron 1250 

2 Meat Protien 400 

3 Red bean Protien, Carbohydrates, Fat 

  

         600 

  

4 Peas 

Carbohydrates,  Fat, Protein, Vitamin A, 

B1,2,3,5,6,9,C, Iron 

5 Lentils 

Protien, Sugars, Carbohydrates, Fat, Vitamen B1,9, 

Cacium, Iron, Phosphorous, Potassium, Sodium 

6 White bean Protien, Carbohydrates, Fat 

 

7 Chickpea 

Carbohydrates,  Fat, Sugar, Protein, Vitamin A, 

B1,2,3,5,6,9,12,C,E, K Iron, Phosphorus, Potassium, 

Sodium 

8 Carrot 

Carbohydrates,  Fat, Sugar, Protein, Vitamin , Iron, 

Phosphorus, Potassium, Sodium 
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                         Figure 1. A schematic diagram of the experimental apparatus. 

 

                   

                                    

                                     Figure 2. Photograph of the experimental apparatus. 
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                                    Figure 3. Effect of food waste feeding on biogas production.  

 

                    

Figure 4. Cumulative methane production from anaerobic digester containing digested sludge 

only compared to that also fed by food waste. 
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Figure 5. Concentration of methane (CH4) and Carbon dioxide (CO2) in biogas produced from 

the digester containing digested sludge and fed by food waste. 

 

 

 

               

 

Figure 6. Variation in volatile fatty acids concentration in the digester fed with food waste and 

the digester fed only with digested sludge. 
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Figure 7. pH values in the anaerobic digester that contain simulated sludge. The pH value 

remained stable at optimum conditions. 

            

Figure 8. Methane production from the anaerobic digester fed with digested sludge and food 

waste. 
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Figure 9. Values of carbon dioxide produced from anaerobic digester fed with digested sludge 

and food waste. 

 

 

Figure 10. Concentration of methane and carbon dioxide in the biogas produced from the 

anaerobic digester fed with simulated sludge. 
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Figure 11. Hydrogen sulphide production by the anaerobic digester fed with simulated sludge. 

 

 

 

 

          

                    Figure 12. pH value in the anaerobic digester containing simulated sludge. 
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ABSTRACT 

Hot mix recycling of asphalt pavements is increasingly being used as one of the major 

rehabilitation methods by various highway agencies. Besides general savings in costs and energy 

expended, it also saves our natural resources and environment.  Recycling process presents a 

sustainable pavement by using the old materials that could be reclaimed from the pavement; 

these materials could be mixed with recycling agents to produce recycled mixtures. The 

important expected benefits of recycling process are the conservation of natural resources and 

reduction of environmental impact. The primary objectives of this work are evaluating the 

Tensile and Shear Properties of recycled asphalt concrete mixtures, In addition to the resistance 

to moisture damage. The impact of implementing three types of recycling agents on asphalt 

concrete properties was also investigated. For this purpose, old materials reclaimed from field, 

(100% RAP), virgin filler at 3 percent content by weight of mixture and three types of recycling 

agents ( soft asphalt cement of penetration grade 200-300, soft asphalt cement of penetration 

grade 200-300 blended with 4% silica fumes and soft asphalt cement of penetration grade 200-

300 blended with 6% fly ash ) at 1.5% content by weight of mixture have been implemented and 

used to prepare recycled mixtures. Mixtures were subjected to the following tests: Marshall Test 

(12 specimens), indirect tensile strength test at 20ºC, 25ºC, 40ºC, and 60ºC (48 specimens), 

indirect tensile ratio ( 12  specimens), double punch shear test (12 specimens). 

It was found that using (soft asphalt cement blended with silica fumes) as a recycling agent 

revealed better performance results than the other type of recycling agent. The percentages of 

variation for recycled mixtures with recycling agent of (soft asphalt cement blended with silica 

fume) when compared to aged mixture were ( -13.8%, -25.05%, 229.5%, -47.67%, ) for 

properties of ( Marshall stability, indirect tensile strength at 60ºC, tensile strength ratio, double 

punch test,), respectively. 

 

Key words: recycled mixture, recycling agent, asphalt cement, silica fumes, flyash. 

 

 تقٍٍم خصائص الشذ والقص للرصفة الاسفلتٍة المستذامة المعاد تذوٌرها

 
 شحاره الشجٍريلً محسن ع                                             سعذ عٍسى سرسم              

 اسخبر                                                                        طبنب يبجسخيش     

                      انُٓذسّ,لسى انُٓذسّ انًذَيّ                           جبيعّ بغذاد,كهيّ                               انُٓذسّ, لسى انُٓذسّ انًذَيّجبيعّ بغذاد, كهيّ 
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 مستخلصال

لبم ٔكبلاث انطشق  انطشق يٍيعذ انخضايذ في اسخخذاو انخهطبث الاسفهخيت انًعبد حذٔيشْب احذ انطشق انشئيسيت في اعبدة حأْيم 

انٗ كَٕٓب حٕفش انخكبنيف ٔانطبلت انًبزٔنت بشكم عبو, فٓي ححفظ انًٕاسد انطبيعيت ٔانبيئيت. اٌ عًهيت  ببلإضبفتانسشيعت, فٓي 

اعبدة انخذٔيش حمذو طبمت حبهيظ يسخذايت عٍ طشيك اسخخذاو انًٕاد انمذيًت انخي يخى حٓيئخٓب يٍ ْزِ انطبمت ْٔزِ انًٕاد يٍ انًًكٍ 

خهطبث انخشسبَت الاسفهخيت انًعبد حذٔيشْب. اٌ انًُبفع انًخٕلعت انًًٓت نعًهيت اعبدة  يضجٓب يع يعبيلاث اعبدة انخذٔيش لإَخبج

 انخذٔيش ْي حفظ انًصبدس انطبيعيت ٔحمهيم انخأثيش انبيئي. 

انٓذف يٍ انذساست ْٕ حمييى خصبئض انشذ ٔانمض نخهطبث انخشسبَت الاسفهخيت انًعبد حذٔيشْب ببلإضبفت انٗ رنك حمييى انًمبٔيت 

شس انشطٕبت, يع بحث حأثيش اسخخذاو ثلاثت إَاع يٍ يٕاد اعبدة انخذٔيش عهٗ خصبئض انخشسبَت الاسفهخيت. نٓزا انغشض نض

% يٍ ٔصٌ انخهطت ٔثلاثت 3% ٔانًٕاد انًبنئت انُبعًت انجذيذة بُسبت 011يٍ انًٕلع بُسبت  انخي أحضشثفبٌ انًٕاد انمذيًت 

-011ٔ الاسفهج انسًُخي رٔ دسجت الاخخشاق   311-011هج انسًُخي رٔ دسجت الاخخشاق إَاع يٍ يٕاد اعبدة انخذٔيش ) الاسف

% يٍ انشيبد انًخطبيش( عُذ يحخٕٖ 6يع  311-011% غببس انسيهيكب ٔ الاسفهج انسًُخي رٔ دسجت الاخخشاق 4يع  311

 % يٍ ٔصٌ انخهطت , حى اسخخذايٓب نخحضيش انخهطبث انًعبد حذٔيشْب.0.5يعبيم حذٔيش 

ًَٕرج ( ٔفحض يمبٔيت انشذ غيش انًببشش في  00اٌ انخهطبث في ْزِ انذساست حى حعشضٓب نهفحٕص انخبنيت : فحض يبسشبل ) 

 00ًَٕرج (  , فحض الاخخشاق انًضدٔج )  00ًَٕرج ( , فحض َسبت انشذ غيش انًببشش )  48و ) ˚61و, ˚41و, ˚05و, ˚01

 .ًَٕرج(

اعبدة انخذٔيش ) الاسفهج انسًُخي رٔ حذسج الاخخشاق انعبني + غببس انسيهيكب ( يعطي افضم  نمذ حى الاسخُخبج ببٌ اسخخذاو يبدة

َخبئج اداء يٍ الإَاع الاخشٖ يٍ يٕاد اعبدة انخذٔيش. اٌ َسب انخغبيش في خٕاص انخهطبث انًعبد حذٔيشْب ببسخخذاو يعبيم 

% , 03.8-غببس انسيهيكب ( يمبسَت يع انخهطت انًشجعيت كبَج )  اعبدة انخذٔيش ) الاسفهج انسًُخي رٔ حذسج الاخخشاق انعبني يع

و , َسبت انشذ غيش ˚61% ( نكم يٍ خٕاص ) ثببث يبسشبل , يمبٔيت انشذ غيش انًببشش في 47.67-% , %009.5 , 04.15-

 انًببشش , فحض الاخخشاق انًضدٔج.

 .الاسًُخي, ابخشة انسيهيكب, انشيبد انًخطبيش, الاسفهج يعبيم حذٔيش ,خهطت يعبد حذٔيشْبت الرئٍسٍه: الكلما

 

1. INTRODUCTION 
Recycling is the process of reusing the existing pavement materials that no longer serve the 

traffic effectively. The recycling of pavements can be seen as a sustainable option, as it is a 

production process with environmental and economic benefits. When the pavement mixture 

reaches the end of its service life it may be disposed or recycled. Using Reclaimed Asphalt 

Pavement (RAP) is considered as an economical and environmental friendly process; it preserve 

the natural resources and could produce similar structural performance when compared with 

virgin asphalt mixtures ,Hussain and Yanjun, 2012. Most of the local research work on 

recycling concentrates on the physical properties of recycled mixes; little attention has been paid 

on the durability issue of recycled mixes. In fact using RAP in pavement construction has now 

become common practice in many countries. In Iraq, most of asphaltic pavement needs 

maintenance or rehabilitation; therefore, asphalt pavement recycling could be suggested for 

maintenance, rehabilitation or even reconstruction process at economical basis with acceptable 

properties. The most important properties which should be investigated are the Tensile and Shear 

Properties of recycled asphalt concrete to improve serviceability, reduce maintenance costs and 

impair safe operations. This Properties is caused by the accumulation of permanent deformation 

in all or some layers in the pavement structure. In this work, a detailed investigation was carried 

out to evaluate the durability of recycled asphalt concrete in terms of Tensile and Shear 

Properties and resistance to moisture damage.  
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2. MATERIALS CHARACTERISTICS 

2.1 Aged Materials 

The reclaimed asphalt mixture was obtained by the rubblization of full depth asphalt concrete 

from highway section. This highway was constructed during 1982; the highway was heavily 

deteriorated with various cracks and ruts existed on the surface. The rubblized section involves 

asphalt stabilized base coarse layer and two layers of binder coarse. The reclaimed mixture was 

heated, combined and reduced to testing size as per AASHTO 2013; a representative sample was 

subjected to Ignition test according to AASHTO T 308 procedure to obtain binder and filler 

content, gradation and properties of aggregate. Table 1 presents the properties of aged materials 

after Ignition test while Table 2 presents gradation of old ( reclaimed ) aggregate obtained from 

aged mixture. It can be seen that the gradation  is finer that that specified for the reclaimed layers 

(base and binder courses), this may be attributed to the possible degradation of aggregate under 

traffic through the pavement life.  

 

2.2 Mineral Filler 

Mineral filler used in this work is limestone dust obtained from factory in Holy Karbala 

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

 

2.3 Recycling Agents     

2.3.1 Soft grade asphalt cement                                                                        

Asphalt cement of penetration grade 200-300 obtained from Al-Dura refinery was adopted for 

recycling in this work. Its physical properties are listed in Table 4. Soft asphalt cement will be 

referred as "soft AC" in this study. 

 

2.3.2 Soft grade asphalt cement blended with silica fumes                                                                       

Asphalt cement of penetration grade 200-300 from Al-Dura refinery was blended with 4% of 

silica fumes which were obtained from local market based on ,Sarsam, 2013. It is an ultra-fine 

powder consisting of nearly spherical particles around 100 times smaller than a grain of cement. 

Soft Asphalt was heated to nearly 110ºc, and the silica fumes were added gradually to the asphalt 

cement with stirring until homogenous blend was achieved; the mixing and stirring continued for 

30 minutes by a mechanical blender. Table 5 shows physical properties of silica fumes while 

Table. 6 presents physical properties of soft asphalt cement 200-300 blended with silica fumes. 

Soft asphalt cement blended with silica fume will be referred as "Soft AC+Silica fumes" in this 

work. 

 

2.3.3 Soft grade asphalt cement blended with fly ash                                                                       

Asphalt cement of penetration grade 200-300 from Al-Dura refinery was blended with 6% of Fly 

ash which was obtained from local market based on ,Sarsam, 2013. Soft Asphalt was heated to 

nearly 110ºc, and the Fly ash was added to the asphalt cement gradually with stirring until 

homogenous blend was achieved. The mixing and stirring continued for 30 minutes by a 

mechanical blender. Table 7 shows physical properties of Fly ash while Table 8 presents 

physical properties of soft asphalt cement 200-300 blended with Fly ash. Soft asphalt cement 

blended with Fly ash will be referred as "Soft AC+Fly ash" in this work. Fig. 1 shows recycling 

agent types and the mechanical blender adopted. 

 

3. EXPERIMENTAL PROGRAM 

3.1 Preparation of Mixtures 
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3.1.1 Reclaimed mixture (reference mixture) 

Reclaimed mixture was obtained from the reclaimed material from field. It was heated to 145ºC 

and specimens were prepared for further testing to investigate the performance after recycling. 

 

3.1.2 Preparation of recycled mixture 

Recycled mixture consists of reclaimed mixture (RAP) 100%, virgin mineral filler and recycling 

agent mixed together at specified percentages according to the mixing ratio. First, RAP was 

heated to approximately 160ºC, mineral filler was heated to 160ºC. and recycling agent was 

heated to 130ºC separately before it was added to the heated RAP and filler at the desired 

amount; 3% by weight of mixture of the mineral filler was added and 1.5 % by weight of mixture 

of the recycling agents was added and mixed for two minutes until all mixture was visually 

coated with recycling agent as addressed by ,Sarsam, 2007. The recycled mixture was prepared 

using three types of recycling agents: soft asphalt cement, soft asphalt cement blended with silica 

fume and soft asphalt cement blended with Fly ash. 

 

3.1.3 Preparation of accelerated short term aged recycled mixture 

Recycled mixtures was heated to 130°C to become loose and then spread in shallow trays with 

3cm thickness and subjected to one cycle of accelerated aging process by storage inside an oven 

at 135°C for 4 hours as per superpave procedure ( PP2 ). The mix was stirred every 30 minutes 

during the short term aging process to prevent the outside of the mixture from aging more than 

the inner side because of increased air exposure. After the accelerated aging process was 

completed, Marshall Specimens were constructed from the aged asphalt concrete after heating 

the material to 150°C. 

 

3.2 Preparation of Marshall Specimens 

It is a cylindrical specimen of 102 mm in diameter and 63.5 mm in height. Marshall mold, 

spatula, and compaction hammer were heated on a hot plate to a temperature between  120-

150ºC. A piece of non-absorbent paper, cut to size, was placed in the bottom of the mold before 

the mixture was introduced. The asphalt mixture was placed in the preheated mold, and then it 

was spaded vigorously with a heated spatula 15 times around the perimeter and 10 times around 

the interior. Another piece of non-absorbent paper cut to size was placed on the top of the mix. 

The temperature of mixture immediately prior to compaction temperature was 150ºC. The mold 

assembly was placed on the compaction pedestal and 75 blows on the top and the bottom of 

specimen were applied with specified compaction hammer of 4.535 kg sliding weight, and a free 

fall in 457.2 mm. The specimen in mold was left to cool at room temperature for 24 hours and 

then it was extracted from the mold using mechanical jack. Marshall Specimens were subjected 

to the following tests: Marshall Test (12 specimens), indirect tensile test at 20ºC, 25ºC, 40ºC, and 

60ºC (48 specimens), indirect tensile ratio (12 specimens) and double punch test (12 specimens). 

Fig. 2 presents a group of prepared specimens. 

 

3.3 Laboratory Evaluation for Asphalt Concrete 

3.3.1 Resistance to plastic flow (Marshall test) 

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

asphalt paving mixture loaded on the lateral surface by mean of the Marshall apparatus 

according to ASTM D 1559. The cylindrical specimen was conditioned by placing it in water 

bath at 60ºC for 30 minute, then it was inserted into the testing device, and compressed on the 

lateral surface with a constant load rate of 50.8 mm/min until the dial gage reached the maximum 

load resistance which is recorded as stability, and the corresponding flow value at that point was 
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also recorded. The entire test was performed within 30 sec after the specimen was removed from 

water bath. Three specimens for each combination were tested and the average results were 

reported.  Fig. 3 shows Marshall Test Device. 

 

3.3.2 Indirect tensile strength test and temperature susceptibility 

The indirect tensile strength followed the procedure of ASTM D6931-07; Marshall Specimens 

were used in this test, and percent of air voids for specimens was the same as that for Marshall 

test. After the specimen  was cooled at room temperature for 24 hours, it was conditioned by 

placing in water bath at four different temperatures 20, 25, 40, and 60 ºC for 30 minutes and then 

the specimen were centered on the vertical diametrical plane between the two parallel loading 

strips 12.7 mm in wide. Vertical compressive load at rate of 50.8 mm/min by Versa tester 

machine was subjected until the dial gage reading reached the maximum load resistance; the 

reason of conducting this test is to evaluate the tensile strength and temperature susceptibility for 

the mixtures. Fig. 4 presents Indirect Tensile Test Device. The indirect tensile strength was 

calculated by the following equation:  ASTM D4123 

 

     
      

     
                                                                                                                                            

 

where:  

ITS = indirect Tensile Strength, kPa  

P = maximum load resistance at failure, N  

D = diameter of specimen, mm  

T = thickness of specimen immediately before test, mm 

 

The temperature susceptibility was calculated by the following equation: Husham, 1999  

 

    
               

     
                                                                                                                            

 

where:  

TS = temperature susceptibility (kPa / ºC)  

(ITS)t1= indirect tensile strength at t1 =25ºC 

(ITS)t2 = indirect tensile strength at t2 =40ºC 

 

3.3.3 Indirect tensile strength ratio test  

The test was performed to evaluate the moisture damage resistance of mixtures, and the 

procedure followed ASTM D4867. A set of six specimens were prepared, three specimens were 

tested for indirect tensile strength by storing in a water bath at 25ºC for 30 minutes, and an 

average value of ITS for these specimens was computed as SI (ITS for unconditioned 

specimens). The other three specimens were conditioned by placing in volumetric flask 4000-ml 

heavy- wall glass filled with water at room temperature 25˚C and then a vacuum of 28mm Hg  

was applied for 5 to 10 min. to obtain 55 to 80 % degree level of saturation. The specimens were 

then placed in deep freeze at -18˚C for 16 hours. The frozen specimens then were moved to a 

water bath for 24 hours at 60ºC. Then they were placed in a water bath at 25ºC for 1 hour, and 

they were tested for indirect tensile strength. The average value was computed as SII (ITS for 

moisture-conditioned specimens). Fig. 5 shows the process of conditioning of specimens for 
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TSR test .The indirect tensile strength ratio could be calculated from the following equation: 

ASTM D4867 

 

     
   

  
                                                                                                                                                 

 

Where: 

TSR = indirect tensile strength ratio, %  

SI= average ITS for unconditioned specimens, kPa  

SII = average ITS for moisture-conditioned specimens, kPa 

 

3.3.4 Double punch shear test  

This test procedure was developed at the University of Arizona by Jimenez 1974, and it was used 

to measure the stripping of the binder from the aggregates. This test was reported by many 

studies ,Solaimanian, 2004 ,Turos, 2010 ,Sarsam, 2006 and Hasan, 2012. Marshall specimen 

was used for this test; it was conditioned by placing in water bath at 60ºC for 30 min. The test 

was performed by centrally loading the cylindrical specimen, using two cylindrical steel punches 

placed on the top and bottom surface of the sample. The specimen was centered between the two 

punches 2.54cm in diameter, perfectly aligned one over the other, and then loaded at a rate of 

2.54cm /minute until failure. The reading of dial gage at the maximum load resistance was 

recorded. Fig. 6 shows Double Punch test apparatus. The punching strength is computed by the 

equation: 

 

    
 

           
                                                                                                                                      

 

where:   

   = punching stress, Pa  

P= maximum load, N  

a= radius of punch, mm  

b=radius of specimen, mm  

h=height of specimen, mm 

 

4. ANALYSIS AND DISCUSSION OF TEST RESULTS 

4.1 Marshall Stability 

It was found that recycling decreases Marshall stability, as the stability value was high for aged 

mixture (19.2 kN), it decreased for recycled mixtures with (Soft Ac), (Soft Ac + Silica Fume) 

and (Soft Ac + Fly ash) recycling agents by ( -17.45%, -13.8% and -5.73% ) respectively 

compared with aged mixture. This may be attributed to the fact that aged mixture contains 

hardened asphalt, which will lead to increased stability due to higher asphalt viscosity, while 

recycled mixtures lack necessary bonding effect because of their reduced viscosity (increased 

workability) and increased binder content (after adding the rejuvenator). This agrees well with 

the findings of ,AL-Zubaidi, 2013. Mixtures with recycling agents (Soft Ac) showed lower 

stability than (Soft Ac + Silica Fume), and (Soft Ac + Silica Fume) showed lower stability than ( 

Soft Ac + Fly ash), which  indicates that bonding effect for (Soft Ac + Fly ash) is higher than the 

other agents. Variation in the stability of mixtures is presented in Figure (4-2). Also it can be 

seen from Fig. 7 that all mixtures has stability value more than ( 8 kN ) which represent stability 

of surface layer according to the specification limits of roads and bridges SCRB, 2003. 
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4.2 Marshall Flow 

Recycling revealed a pronounce increase in Marshall flow value corresponding to aged mixture. 

All the types of recycled mixtures satisfied Marshall flow criteria of (2-4) mm, except recycled 

mixture with (Soft Ac). Flow value for mixture with (Soft Ac) was higher than other mixtures. 

While the Flow value for mixture with (Soft Ac + Silica Fume) was lower than other mixture. 

Fig. 8 clarifies the flow results. 

 

4.3 Effect of Recycling Agent Types on Indirect Tensile Strength (ITS) 

Mixtures were subjected to indirect tensile strength test at 20ºC, 25ºC, 40ºC, and 60ºC. Three 

specimens for each mixture type were tested, and the average value was obtained to represent the 

tensile strength of this type at the specified temperature. Also, the temperature susceptibility for 

each mixture type was obtained. 

Recycling revealed a pronounce increase in ( ITS ) value at 20˚C corresponding to aged mixture. 

The percent of increase in ( ITS ) for recycled mixtures with ( Soft Ac, Soft Ac + Silica Fumes 

and Soft Ac + Fly ash ) was ( 10.86%, 24.58% and 29% ) respectively as compared with aged 

mixture. Fig. 9 presents the ( ITS ) values at 20ºC. 

Results indicated that tensile strength at 25ºC for all the recycled mixtures was lower than aged 

mixture value by ( -39.62%, -31.57% and -15%) for recycled mixtures with ( Soft Ac, Soft Ac + 

Silica Fumes and Soft Ac + Fly ash) respectively as compared with aged mixture. Also Mixtures 

with recycling agent of (Soft Ac) showed lower indirect tensile strength value than that with 

(Soft Ac + Silica Fumes). On the other hand, mix with (Soft Ac + Silica Fumes) shows lower 

indirect tensile Strength value than that with ( Soft Ac + Fly ash). Fig. 10 presents the ( ITS ) 

values at 25ºC. 

The reduction in Tensile strength values at 40ºC for recycled mixtures was higher than that of 

aged mixture. The percent of reduction in ( ITS ) value for recycled mixtures with ( Soft Ac, Soft 

Ac + Silica Fumes and Soft Ac + Fly ash ) was ( -33.31%, -22.63% and -6.93% ) respectively 

when compared with aged mixture. The recycled mixture with (Soft Ac + Fly ash) revealed the 

highest tensile strength value as compared to other recycled mixtures, but it was lower than ( ITS 

) value of  aged mixture.  

At 60ºC, the tensile strength for aged mixture was higher than that of recycled mixtures. The 

percentages decrease in ( ITS ) value for recycled mixtures with ( Soft Ac, Soft Ac + Silica 

Fumes and Soft Ac + Fly ash ) was ( -38.53%, -25.05% and -4.21% ) respectively. The recycled 

mixture with (Soft Ac + Fly ash) had higher tensile strength value than other recycled mixtures. 

Fig. 11 presents the ( ITS ) values at 40ºC and Fig. 12 presents the ( ITS ) values at 60ºC. 

The reduction in ( ITS )value at ( 25˚C, 40˚C and 60˚C ) for recycled mixtures are in contrast 

with the findings of  ,Hasan, 2012. 

The temperature susceptibility results presented in Fig. 13 shows that recycled mixtures were 

less influenced by temperature than aged mixture by ( -49.52%, -45.56% and -27.75% ) for 

recycled mixtures with ( Soft Ac, Soft Ac + Silica Fumes and Soft Ac + Fly ash ) respectively. 

Mixture with (Soft Ac) revealed the lower temperature susceptibility value than other recycling 

agents. Mixture with (Soft Ac + Fly ash) was higher than both mixtures with (Soft Ac + Silica 

Fume) and (Soft Ac) in temperature susceptibility. This might be caused by the properties of the 

(Silica Fumes and Fly ash), as these agents are more influenced by temperature variation than 

asphalt cement. The temperature susceptibility value for aged mixture was high due to the nature 

of aged and hardened asphalt cement which leads to a mixture more susceptible to temperature 

variation. Fig. 13 shows the temperature susceptibility results. 
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4.4 Effect of Recycling Agent Types on Tensile Strength Ratio (TSR) 

               The results of tensile strength ratio showed that recycled mixtures had good resistance 

to the action of water. The tensile strength ratio was higher than 80% for all recycled mixtures 

Fig. 14, and the recycled mixture with (Soft Ac) had the highest ( T.S.R ) value comparing to 

other recycled mixtures, while mixture with (Soft Ac + Fly ash) was lower than both mixtures 

with (Soft Ac + Silica Fume) and (Soft Ac) in ( TSR ). The results revealed high improvement in 

tensile strength for recycled mixtures with ( Soft Ac, Soft Ac +Silica Fumes and Soft Ac + Fly 

ash ) by ( 241.65%, 229.5% and 192.61% ) compared to aged mixture. This agrees well with the 

findings of  ,Hasan, 2012. 

 

4.5 Effect of Recycling Agent Types on Punching Shear Strength 

               Double punch test indicates the stripping behavior between binder and aggregate, and 

since recycled mixture contains recycling agent which has a softening effect in the mixture, the 

stripping behavior was the concern of the study. The punching shear strength for recycled 

mixtures was lower than aged mixture by ( -48.47%, -47.67% and -10.35% ) for recycled 

mixtures with ( Soft Ac, Soft Ac + Silica Fumes and Soft Ac + Fly ash ) respectively and this 

agrees with the findings of ,AL-Zubidi, 2013. This might be related to the lower viscosity of 

binder in recycled mix compared to aged mix. Recycled mix with (Soft Ac + Fly ash) had the 

highest punching shear strength value compared to the other recycled mixtures, and recycled mix 

with (Soft Ac) revealed the lowest value. Fig. 15 presents double punch test results for recycled 

and aged mixtures. 

 
5. CONCLUSIONS 

1. Significant reduction in Marshall Stability was noticed for recycled mixtures when 

compared to aged mixture. The percent of reduction was (-17.45%, -13.8% and -

5.73%) for recycled mixtures with Soft Ac, Soft Ac + Silica Fumes and Soft Ac + Fly 

ash, respectively. 

2. Significant improvement in indirect tensile strength at 20˚C was noticed for recycled 

mixtures as compared to aged mixture. While (ITS) at 25˚C, 40˚C and 60˚C revealed 

low value for recycled mixtures when compared to aged mixture. The percent 

improvement in (ITS) value at 20˚C was (10.86%, 24.58% and 29%) for recycled 

mixtures with Soft Ac, Soft Ac + Silica Fumes and Soft Ac + Fly ash, respectively. 

While the percent reduction in ( ITS ) value at 25˚C was ( -39.62%, -31.57% and -

15% ), and at 40˚C was ( -33.31%,  -22.63 and -6.93% ) and at 60˚C was ( -38.53%, -

25.05% and -4.21% ) for recycled mixtures with Soft Ac, Soft Ac + Silica Fumes and 

Soft Ac + Fly ash , respectively. 

3. The results of tensile strength ratio showed that recycled mixtures had good resistance 

to moisture damage by (241.65%, 229.5% and 192.61% ) for recycled mixtures with 

Soft Ac, Soft Ac + Silica Fumes and Soft Ac + Fly ash, respectively as compared with 

aged mixture. 

4. Punching shear strength for recycled mixtures was lower than that of aged mixture by 

(-48.47%, -47.67% and -10.35%) for recycled mixtures with Soft Ac, Soft Ac + Silica 

Fumes and Soft Ac + Fly ash, respectively. 
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Table 1. Properties of reclaimed materials after ignition test.

Material Property Value 

Asphalt binder Binder content % 4.94% 

Coarse aggregate 

Bulk specific gravity 2.56 

Apparent specific gravity 2.619 

Water absorption % 1.057% 

Wear% (Los Angeles abrasion) 22% 

Fine aggregate 

Bulk specific gravity 2.590 

Apparent specific gravity 2.819 

Water absorption % 1.91% 

Mineral filler 
Percent passing sieve no.200 98% 

Specific gravity 2.82 

Aged Mixture 
Marshall 

Properties 

Stability 19.2 kN 

Flow 3.3 mm 

Air voids 6.14% 

Bulk density 2.322 gm/cm
3 
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Table 2. Gradation of old (reclaimed) aggregate obtained from aged mixture. 

Sieve no. Sieve size (mm) % Passing by weight 

SCRB Specification 

Base 
course 

Binder or 
leveling 
cours 

1½'' 37.5 ----- 100 ---- 

1" 25.4 100 90-100 100 

3/4" 19 99 76-90 90-100 

1/2" 12.5 94 56-80 70-90 

3/8" 9.5 85 48-74 56-80 

No.4 4.75 61 29-59 35-65 

No.8 2.36 49 19-45 23-49 

No.50 0.3 19 5-17 5-19 

No.200 0.075 4 2-8 3-9 

Table 3. Physical properties of filler (lime stone). 

Value Property 

2.87 Bulk specific gravity 

99 % Passing sieve no.200 

Table 4. Physical properties of soft asphalt cement recycling agent. 

Property 
Test 

conditions 

ASTM 

Designation no. 
Value 

Penetration 25ºc, 100gm, 5sec D5-06 260 

Softening point (ring & ball) D36-95 36 

Ductility 25ºc, 5cm/min D113-99 80 

After thin film oven test properties D1754-97  

Retained penetration of residue 25ºc, 100gm, 5sec D5-06 51% 

Ductility of residue 25ºc, 5cm/min D113-99 45 

Loss on weight 163ºc, 50g,5 hrs  0.37 
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Table 5. Physical properties of silica fumes. 

Property Value 

Specific gravity 2.14 

% Passing sieve no.200 100 

Specific surface area (m²/ kg) 20000 

 

Table 6. Physical properties of soft asphalt cement (200-300) blended with 4% silica fumes. 

Property 
Test 

conditions 

ASTM 

Designation No. 
Value 

Penetration 25ºc, 100gm, 5sec D5-06 253 

Softening Point (ring & ball) D36-95 38 

Ductility 25ºc, 5cm/min D113-99 105 

After Thin Film Oven Test Properties D1754-97 

Retained penetration of residue 25ºc, 100gm, 5sec D5-06 47% 

Ductility of residue 25ºc, 5cm/min D113-99 35 

Loss on weight 163ºc, 50g,5 hrs  0.22 

 

Table 7. Physical properties of fly ash. 

Property Value 

Specific gravity 2.0 

% Passing sieve no.200 99% 

Specific surface area (m²/ kg) 650 

 

Table 8. Physical properties of soft asphalt cement (200-300) blended with 6% fly ash. 

Property 
Test 

conditions 

ASTM 

Designation No. 
Value 

Penetration 25ºc, 100gm, 5sec D5-06 278 

Softening point (ring & ball) D36-95 34 

Ductility 25ºc, 5cm/min D113-99 65 

After Thin Film Oven Test Properties D1754-97 

Retained penetration of residue 25ºc, 100gm, 5sec D5-06 35% 

Ductility of residue 25ºc, 5cm/min D113-99 22 

Loss on weight 163ºc, 50g,5 hrs  0.27 
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Figure 2. Group of prepared specimens. 

 

 

 

 

Figure 1. Recycling agents type and mechanical blender. 
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                   Figure 3. Marshall test                     Figure 4. Indirect tensile test device. 

                     at NCCLR laboratory. 
 

Figure 5. Conditioning process of specimens for TSR test at NCCLR laboratory. 

Figure 6. Double punch test apparatus. 
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Figure 7. Stability for aged and 

recycled mixtures. 
 

Figure 8. Flow results for aged and 

recycled mixtures. 
 

Figure 9. ITS results at 20˚C for aged and 

recycled mixtures. 
 

Figure 10. ITS results at 25˚C for aged 

and recycled mixtures. 
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Figure 11. ITS results at 40˚C for aged 

and recycled mixtures. 
 

Figure 12. ITS results at 60˚C for aged 

and recycled mixtures. 
 

Figure 14. Tensile strength ratio test for 

aged and recycled mixtures. 
 

Figure 13. Temperature susceptibility 

results for aged and recycled mixtures. 
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Figure 15. Double punch test results for 

aged and recycled mixtures. 
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ABSTRACT 

The study aims to predict Total Dissolved Solids (TDS) as a water quality indicator 

parameter at spatial and temporal distribution of the Tigris River, Iraq by using Artificial 

Neural Network (ANN) model. This study was conducted on this river between Mosul and 

Amarah in Iraq on five positions stretching along the river for the period from 2001to 

2011. In the ANNs model calibration, a computer program of multiple linear regressions is 

used to obtain a set of coefficient for a linear model. The input parameters of the ANNs 

model were the discharge of the Tigris River, the year, the month and the distance of the 

sampling stations from upstream of the river. The sensitivity analysis indicated that the 

distance and discharge have the most significant affect on the predicted TDS 

concentrations. The results showed that a network with (8) hidden neurons was highly 

accurate in predicting TDS concentration. The correlation coefficient (r), root mean square 

error (RMSE) and mean absolute percentage error (MAPE) between measured data and 

model outputs were calculated as 0.975, 113.9 and 11.51%, respectively for testing data 

sets. Comparisons between final results of ANNs and multiple linear regressions (MLR) 

showed that the ANNs model could be successfully applied and provides high accuracy to 

predict TDS concentrations as a water quality parameter.  

 

ت الاصطناعيه للاملاح الزائبت الكليت في مواقع مختاسة من نهش دجلت في يبنمزجت الشبكاث العص

 العشاق

 
اياد صليبي مصطفىد.   

 استار مساعذ

جايعت الاَباس-كهٍت انُٓذسّ  

 المقذمت

انخٕصٌع انًكاًَ  حبعاانًٍاِ  ُٕعٍتن ( بٕصفٓا يؤششاTDSانًٕاد انصهبّ انكهٍت ) بخشاكٍضانى انخُبؤ  حٓذف انذساست

نخًست يٕالع (.اجشٌج انذساست ANNانعصٍبت الاصطُاعٍت ) ّٔانضياًَ نُٓش دجهت فً انعشاق باسخخذاو ًَٕرج انشبك

انعصٍبّ  ًَّزجت انشبكنًعاٌشة .(1022 -1002)طٕل  َٓش دجهت بٍٍ انًٕصم ٔانعًاسة فً انعشاق نهفخشة  عهى

اٌ انصُاعٍت حى اسخخذاو بشَايج الاَحذاس انخطً انًخعذد نهحصٕل عهى يجًٕعت يٍ انًعايلاث نهًُٕرج انخطً.

ًحطاث ان نًٕالع ( ًْ حصشٌف انُٓش، انسُت، انشٓش، انًسافتANNs) هّ نبشَايجانًذخلاث الاساسٍّ نهًخغٍشاث انذاخ

بٍُج  (.TDS) حشاكٍض عاثعهى حٕل حاثٍشجْٕشيا ًاٌ انًسافت ٔانخصشٌف نٓ أظٓش ححهٍم انحساسٍّانُٓش. يٍ يمذو

انعصٍبت كاَج دلٍمّ نهغاٌت نهخُبؤ يٍ انخلاٌا (  hidden layerثًاٍَت عمذِ فً انطبمّ انًخفٍّ )انُخائج اٌ انشبكت راث 

َسبت انخطأ انًطهك يعذل ( RMSEٔانخطأ ) عاثجزس يخٕسط يشبٔ( r(.اٌ لًٍت يعايم الاسحباط )TDSفً حشكٍض )

(MAPE(ًبٍٍ انبٍاَاث انًماست ٔانبٍاَاث انخً حى حسابٓا يٍ انًُٕرج كاَح )22.02، 223.9، 0.9.0.)%أشاسث 

mailto:ayad_eng2001@Yahoo.Com
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اٌ .( MLR) ( يع الاَحذاس انخطً انًخعذدANNs)انعصٍبت الاصطُاعٍت  اثانشبك ٕرجَخائج انًماسَت انُٓائٍت نًُ

 ( كًؤشش نُٕعٍت انًٍاِ.TDSكٍض )ا( ًٌكٍ اٌ ٌطبك بُجاح ٌٕٔفش دلت عانٍت نخُبؤ حشANNsًَٕرج )

Keywords:  Tigris River , TDS, ANNs, and discharge. 

1-INTRODUCTION 

River water quality is a significant concern in many countries, considering 

agricultural and drinking consumptions. Therefore, prediction of TDS as the main water 

quality condition is a necessary tool for water resources planning and management. 

Limited water quality data and the high cost of water quality monitoring often pose 

serious problems for process-based modeling approaches .Artificial Neural Networks 

(ANNs) provide a particularly good option, because they are computationally very fast 

and require many fewer input parameters and input conditions than deterministic models, 

ANNs, however require a large pool of representative data for training ,Ali , et al., 2009. 

In recent years, ANNs have been successfully applied in the area of water quality 

modeling. The use of ANN model was to be better than other simulations and commonly 

used statistical models ,Mas and Ahlfeld, 2004  due to the complex interrelated and non-

linear relationships between multiple parameters. ANNs had been used successfully for 

predicting TDS parameter in streams, river and lakes, Kanani et al., 2008 ,Ali et al., 

2009 ,Abudu et al., 2011 ,Asadollahfard et al., 2012 ,Moasheri et al., 2013 and 

Nemati et al., 2014. There have been a number of studies for Iraqi researchers on  the 

Tigris River water quality modeling, especially within Mosul and Baghdad, with some 

examples: ,Al Shami, 2006 ,Abudl Razzak, et al., 2009 ,Abed and Ismail, 2013  and 

Al-Suhaili, and Ghafour, 2013. , Ali,S.M.2014. ,Ismail et al., 2014. ,Kadhem,2014.  

and ,Flaieh et al., 2014. Over the last few years few studied have been conducted to 

predict some water quality parameters on Iraqi Tigris River by using ANNs model. These 

studies had demonstrated some degree of success, ,Al-Suhaili et al., 2008 and ,Al-

Suhaili and Mahammed, 2014. 

The water quality of the Tigris River, using the parameter TDS as an indicator water 

quality is varying from place to place along the river and overtime. Water salinity, 

expressed as TDS, is an increasing problem in Iraq. Salinity increases as the river water 

flow southward and evaporation, sewage effluent dissolution of limestone and 

agricultural drainage ,Al Marsoumi et al., 2006.  However, TDS values of the Tigris 

water at the Turkish Iraqi border are 280 mg/l and the River reaches more than 1500 mg/l 

at Amarah, Iraq ,Al-Ansari, 2013. The main objectives of this study are to predict the 

spatial and temporal changes in TDS parameter throughout the selected sampling stations 

on the Tigris River using ANNs model. 

 

2- MATERIALS AND METHODS 

  2-1   Data and Site Description 

The Tigris River is one of the most important twin rivers in Iraq, 1850 km long. 

The total length of the river in Iraq is 1415 km with a catchment area of 235000 km
2
. 

Hydrological behavior of the Tigris River has been changed due to the construction of 

large dams and irrigation projects in Turkey and Iraq. The Tigris River mean discharge at 

Mosul city prior to 1984 was 701 m
3
/sec and dropped to 596 m

3
/sec afterward. This 

implies that 15% of the river discharges were been decreased. The average discharge in 
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Baghdad was 544 m
3
/sec. This value is far away from the mean daily flow prior to 2005 , 

1140 m
3
/sec  ,Ali et al., 2012. On the other hand, discharges south of Baghdad reduced in 

the Tigris to 37 BCM at Kut . Past Kut, the Tigris supplies water for irrigation and public 

water supply and also discharge to the central marsh combined .These discharges reduced 

3 BCM at Qalatsalih during the period after 1990  ,ESCWA-BGR, 2012. In the present 

study, ANNs model was applied for TDS water quality parameter of five sampling 

stations on the Tigris river (Mosul in the north of Iraq, Samarra barrage, Muthanna bridge 

at Baghdad, Kut barrage and Amarah south of Iraq as shown in Fig.1. These data were 

collected from the ,National Center for Water Resources Management, Ministry of 

Water Resources, Iraq ,2012. Water quality stations along the Tigris River are located 

between 36
◦
20.802′Latitude and 43

◦
08.417  ′ Longitude at Mosul, North of Iraq and 

31
◦
51.338′Latitude and 47

◦
08.618  ′ Longitude at Amarah, South of Iraq. The ANNs model 

inputs are the monthly discharge (Q) in m
3
/sec, distance (D) in m of the sampling station 

from the upstream of the Tigris river at Mosul, the year (Y) and the month of the data 

(M) . The output of the model was TDS as a water quality parameter. The data set has a 

record length of (11) years covering between 2001 to 2011 based on existing measured 

values of different variables. The average annual discharge of the selected stations along 

the Tigris River is shown in Fig.2. Also the average recorded annual TDS concentration 

is shown in Fig. 3. 

 

2-2 Overview Artificial Neural Networks 
Artificial Neural Networks (ANNs) are a flexible mathematical structure that is 

capable of identifying a large number of simple processing elements that are called 

neurons. The basic structure of an ANNs model usually comprised three distinctive 

layers, the input layer that all data are imported to the network and calculation the weight 

of each input variables are done; the hidden layer or layers, where data are processed; and 

the output layer, where the results of ANNs are produced .The number of neurons in the 

input hidden, and output layers depends on the problem. If the number of hidden neurons 

is small, the network may not have sufficient degrees of freedom to learn the process 

correctly. On the other hand, if the number is too high, the training will take a larger time 

and the network may over-fit the data ,Karunanithi et al., 1994. Many authors have 

described the structure and operation of ANNs ,Zurada, 1992. The most common 

activation function is  sigmoid (logistic) function and is described as follows, 

,Diamantopoulos et al., 2005. 

f(x) = 1 / 1+e
-x                      

                                                                                                   (1) 

    

2-3 Pre-processing and Data Division 
It is a common practice to divide the available data into three sets, training, and 

validation. In this study, we randomly divide up the 100% of the target time steps into 

80% for training and 20% for validation. The training data are further divided into 70% 

for training set and 30% for the testing set. The training set is used to adjust the 

connection weights of the neural network. 

The testing set is used to check the performance of the network at various stages 

of learning, and training is stopped once the error in the testing set increases. The 

validation set is used to evaluate the performance of the model once training has been 
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successfully accomplished. The way data are divided can have a significant effect one 

model performance , Al-Janabi, 2006. and trial – and – error process was used to select 

the best division .The data base used for the ANNs model comprises total of (660) 

individual cases .Missing data were found in each of the water quality sampling stations 

.Ranges of the data used for the input and output variable are tabulated in Table 1. Data 

pre-processing can have a significant effect on the generalization performance of a 

supervised neural network ,Dogan et al., 2009. Normalization and transformation data 

was scaled or normalized using Eq. (2) 

x scaled = (x◦ – xmin)  / ( xmax – x min)                                                                                   (2)          

Where x◦ is the original data point, x min and x max are the minimum and maximum 

values in the data set, respectively. This is done in order to ensure that the min. value in 

the data set is scaled to zero, and the maximum value is scaled to one ,Martin and 

Mohammad, 1994.  

 

2-4 Performance Evaluation and Modeling Error 

The performance of model was evaluated by calculating the following statistical 

parameter: correlation coefficient (r), root mean square error (RMSE) and mean absolute 

percentage error (MAPE) defined by Eqs. (3-5), respectively  

  
 (     )        

√                    
                                                                                                (3) 

 

RMSE = 
 

 
∑( Q∘ - Qp )

2 
                                                                                                    (4) 

 

MAPE = 
 

 
∑ | Q∘ - Qp |                                                                                                      (5) 

Where Q∘ and Qp are the observed and estimated concentrations at the time steps, 

M∘ and Mp are the mean of the observed and estimated concentrations, respectively, and 

N is the total number of observations of the data set. The RMSE and MAPE measure the 

errors –however, RMSE is the most popular measure of errors which receives much 

greater attention than small errors. ,Sabah and Ahmed, 2011 showed that the MAPE 

around 30% is considered a reasonable prediction. 

Neural Network Model Application 

         Using the default parameters of the ANN model (0.2 for learning rate and 0.8 for 

momentum rate), a number of network with different numbers of hidden lager nodes (1-

10) and with different transfer functions were developed. However the number of hidden 

unit directly affects the performance of the network. The best performance of these 

networks was with (8) hidden layer nodes and minimum values of correlation coefficient, 

RMSE and MAPE , Table 2. The best transfer functions for the input, hidden and output 

layers were linear, tanh and sigmoid respectively more than 150 trials were used in this 

study. The effect of the internal parameters controlling the back – propagation 

(momentum and learning rates) on model performance is investigated for the model with 

eight hidden layer nodes, Table 2. .The effect of the learning and momentum rates on the 

model performance is shown in Figs.4 and 5. Different values of learning and momentum 
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rates were used, Table 2. It can be seen that the performance of the ANNs model is 

relatively sensitive to learning rates in the range (0.1 – 0.8) then the prediction errors 

increase sharply to (133.4), Figs. 4 and 5 show the effect of the momentum rate on model 

performance. It can be seen that the performance of the ANNs model is relatively 

sensitive to momentum rate value of (0.8). The optimum values for learning and 

momentum rate used are 0.4 and 0.8, respectively .The coefficient of correlation, RMSE 

and MAPE were 0.975, 113.9 and 11.51%, respectively. Also, the network with (8) 

hidden layer nodes has the lowest prediction error for the training and validation tests. 

However, it is believed that network with (8) hidden layer nodes is considered optimal, 

Fig. (6). 

The statistics of the training, testing and validation sets for the ANN models is 

shown in Table 3.The statistical parameters considered include the maximum, minimum, 

mean and standard deviation. To examine how representative the training, testing and 

validation sets are with respect to each other t-test and F-test are carried out. The t-test 

examines the null hypothesis of no difference in the means of two data sets and the F-test 

examines the null hypothesis of no difference in the variances of the two sets. For a given 

level of significance, test statistics can be calculated to test the null hypotheses for the t-

test and F-test respectively. Traditionally, a level of significance equal to 0.05 is selected. 

Consequently, this level of significance is used in this research. This means that there is a 

confidence level of 95% that the training, testing and validation sets are statistically 

consistent. The results of the t-test and F-tests are given in Table 4. These results indicate 

that training, testing and validation sets are generally representative of a single 

population. 

 

3- RESULTS AND DISCUSSION 
The ANNs model was then adopted to simulate total dissolved solid (TDS ) with 

respect to discharge of the selected sites along the Tigris River and time .It used ANNs 

architecture with one hidden layer ( eight nodes ) and with different activation functions . 

The optimum learning rate of 0.4 and momentum of 0.8 were selected by many trials, as 

explained above.  

The sensitivities of above parameters for the TDS prediction were estimated by 

using ,Garson, 1991 and Goh,1995 methods .ANNs connection weights were used in 

these methods, Table 5. The results indicate that the distance and discharge had the  a 

significant effect on the predicted TDS with a relative importance of  58% and 27% , 

respectively , followed by year and month with a relative importance of  12%  and  3%  , 

respectively ,  Fig. 7 .The minimum value of relative importance for the month variable is 

due to the water resources monitoring and management .There are no monthly variations  

in flow rates from barrages the regulators along the Tigris River as in the flow 

hydrograph . The developed ANNs models accurately simulated the water quality (TDS) 

of Tigris river .Typical ANN's prediction model results are TDS concentrations, for the 

total data (r=0.96), Fig.8. Comparison of simulated water quality in Tigris river is shown 

in Fig.9 .There is no trend in increasing of TDS concentration in sampling site between 

Mosul and Samarra  sites. The progressive increase in TDS concentrations was directly 

proportional with distance after Samarra to Kut sites but with low positive slope and high 

or sharp positive slope for Kut to Amarah sites. This is due to the effects of upstream 

developments drainage project, direct sewage disposal into the river and agricultural 
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activities. Using the connection weights and the threshold levels which obtained from 

ANN model, Table 5. the predicted TDS concentration in (mg/l) for Tigris River can be 

expressed as follows: 

TDS  
    

    

                                                                                                                  

                                ………(6)        

 Where: 

x1= 64.37 + 46.12*10
-4

Q + 0.07 M – 3.62*10
-3

D – 0.033 Y                                                                     (6-a) 

x2= 19.48 – 12.27*10
-4 

Q + 0.11 M – 2.31*10
-3

D – 9*10
-3 

Y                                                                    (6-b) 

x3 = 264.44 + 3.88 *10
-4 

Q + 0.61 M + 4.87*10
-3

D – 0.13 Y                                                                     (6-c) 

x4 = 1889.86 + 5.11*10
-4 

Q + 0.27 M + 14.12 *10
-3

D – 0.95Y                                                                  (6-d) 

x5 = 291.38 + 47.15*10
-4

Q + 0.12 M – 5.75*10
-3

D– 0.15 Y                                                                      (6-e) 

x6 = -74.93 - 7.13*10
-4

Q - 0.6 M + 1.0*10
-3

D + 0.4 Y                                                                               (6-f) 

x7 = -576.14 – 2.12*10
-4

Q + 0.14 M – 13.11*10
-3

D – 0.29 Y                                                                    (6-g) 

x8 = -13.10 - 7.03*10
-4

Q + 0.33 M – 6.13*10
-3

D + 0.07 Y                                                                        (6-h) 

  It should be noted that Eq.( 6) is valid only for the range of value of (M, Y, D, and 

Q) given in Table 1. This is due to the fact that ANN should be used only in interpolation 

and not extrapolation ,Tokar and Johnsn, 1999. Eq. (6) is long and complex because it 

contains four independent variables. On the other hand, it can predict accurately the TDS 

of Tigris River as shown in Fig. 8 with a correlation coefficient equal to 0.96 and value 

of MAPE less than 30% . The equation length depends on the number of nodes in the 

input and hidden layers. A neural network of four input neurons, eight hidden neurons 

and one output is found to be the optimum architecture for the current problem as shown 

in Fig. 10. 

    Multiple linear regression (MLR) may be viewed as a special case ANNs model that 

uses linear transfer functions and no hidden layers, if the linear model performs as a basis 

for comparison. The following regression models are derived for the TDS concentration 

of the Tigris River in (mg/l). 

 

TDS = Q
-0.255

M
-0.006

D
0.694

Y
0.560

                                                                                       (7) 

where , M is the month , Y   is the year , D is the distance in (km) and Q  is the 

discharge in (m
3
/sec ) .The correlation coefficient  r, RMSE and MAPE are 0.78, 610.4 

and 58%, respectively, Fig.11 .Comparison between results of ANNs and ( MLR ) 

analysis showed better results in ANNs model ( RMSE and MAPE ) values. So, ANNs 

could explain the variability of the TDS concentration Tigris River more efficiency. 
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4- CONCLUSIONS 

    The following conclusions could be deduced from this study 

1- ANN performed better than MLR model. The results provided sufficient assessment of 

performance (r=0.975, RMSE=113.9 and MAPE=11.51%) for ANN model and r=0.78, 

RMSE=610.4 and MAPE=58% for MLR model. 

2- The sensitivity analysis indicated that the distance and discharge have the most 

significant effect on the predicted TDS concentration, while the year and month have the 

smallest impact on prediction. 

3- ANN's model could be translated into practical formula from which TDS may be 

calculated. However the predicted formula is important in water quality management and 

finding the missing data, temporally and spatially. 

4- According to the results of ANN model, it is found that the TDS increases with 

increasing time and distance from upstream, and it is negatively correlated with the flow. 

5- The results of this study can be utilized in optimized management and planning of 

water quality management of the study area in Iraq. 
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Table 1. Ranges of variables data used for the ANNs model. 

Model Variables Min. Value 
Max. Value 

Discharge of river ( m
3
/sec) 

Distance from upstream (km) 

Month                

Year                                  

TDS (mg/l)                                    

15.0 

150 

1 

2001 

146 

 

1949 

1100 

12 

2011 

2832 

 

Table 2. Performance of ANNs models for prediction (TDS) of Tigris River. 

 Training Testing Validation  

Parameter 

effect 

Model 

No. 

Learn 

Rate 

Moment 

Rate 

Hidden 

layer 

model 

number 

Correlation 

Coefficient 

RMSE Correlation 

Coefficient 

RMSE Correlation 

Coefficient 

RMSE MAPE for 

all data 

(%) 

 

 

 

 

Default 

Values  

1 0.2 0.8 1 0.906 214.6 0.897 497.8 0.838 533.6 32.20 

2 0.2 0.8 2 0.945 170.2 0.863 688.1 0.805 712.2 17.51 

3 0.2 0.8 3 0.952 173.3 0.851 810.7 0.791 831.6 18.49 

4 0.2 0.8 4 0.955 149.8 0.866 690.5 0.824 700.1 13.20 

5 0.2 0.8 5 0.963 137.8 0.880 550.6 0.585 557.2 13.56 

6 0.2 0.8 6 0.963 144.8 0.857 741.89 0.814 752.3 14.49 

7 0.2 0.8 7 0.966 127.38 0.834 873.5 0.789 871.7 12.14 

8 0.2 0.8 8 0.967 124.67 0.846 783.43 0.805 788.11 12.18 

9 0.2 0.8 9 0.968 124.98 0.848 785.5 0.812 782.8 12.18 

10 0.2 0.8 10 0.968 125.79 0.850 777.2 0.809 782.6 12.07 

 

 

 

 

 

Momentum 

Rates 

11 0.2 0.1 8 0.958 137.7 0.855 685.7 0.808 697.5 11.88 

12 0.2 0.2 8 0.959 137.5 0.854 691.5 0.808 703.9 11.94 

13 0.2 0.3 8 0.959 136.9 0.856 687.8 0.809 701.5 12.02 

14 0.2 0.4 8 0.960 135.9 0.857 684.1 0.811 699.1 12.03 

15 0.2 0.5 8 0.960 134.7 0.857 687.5 0.812 702.7 12.03 

16 0.2 0.6 8 0.961 133.4 0.858 688.7 0.814 702.9 12.24 

17 0.2 0.7 8 0.964 128.7 0.849 744.7 0.805 749.4 12.14 

18 0.2 0.8 8 0.967 124.6 0.896 783.4 0.804 783.1 12.18 

19 0.2 0.9 8 0.970 118.0 0.828 893.1 0.790 884.1 12.07 
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20 0.2 0.95 8 0.972 119.0 0.831 907.4 0.787 908.4 12.01 

 

 

 

 

Learning 

Rates 

21 0.1 0.8 8 0.961 133.4 0.895 687.0 0.814 701.1 12.21 

22 0.2 0.8 8 0.967 124.7 0.845 783.4 0.804 783.1 12.18 

23 0.3 0.8 8 0.968 121.4 0.832 863.6 0.791 857.1 12.17 

24 0.4 0.8 8 0.970 118.6 0.829 890.1 0.791 880.8 12.19 

25 0.5 0.8 8 0.970 120.7 0.831 895.9 0.796 880.6 12.96 

26 0.6 0.8 8 0.972 118.6 0.840 852.9 0.8 848.5 12.10 

27 0.7 0.8 8 0.975 113.9 0.869 856.8 0.850 668.1 11.51 

28 0.8 0.8 8 0.975 115.4 0.872 532.6 0.865 563.5 11.87 

29 0.9 0.8 8 0.974 115.4 0.861 402.1 0.894 393.8 12.84 

30 1 0.8 8 0.975 114.6 0.852 394.7 0.916 306.5 12.42 

 

Table 3. Input and output statistics for the ANN model.  

Data Set Statistical 

Parameter 

Month 

(month) 

Year 

(year) 

Distance (m) Q (m3/sec) TDS (mg/l) 

Training 

N=369 

Maximum 12 2011 1100 1494 2991 

Minimum 1 2001 150 15 197 

Mean 6.425 2004.91 714.0921 379.8699 726.916 

Sta.dv. 3.452 3.284536 272.078 229.0094 485.3027 

Testing  

N=159 

 

Maximum 12 2011 1100 1582 2877 

Minimum 1 2001 150 22 146 

Mean 6.622 2005.298 592.4528 335.3459 730.1132 

Sta.dv. 3.498 2.696331 399.1759 270.1845 705.6958 

Validation 

N=132 

Maximum 12 2011 1100 1360 2986 

Minimum 1 2001 150 36 156 

Mean 6.537 1989.825 588.7925 325.8328 673.3861 

Sta.dv. 3.427 3.342669 409.4047 266.7569 595.345 

  

Table 4. Input and output statistics for the ANN model. 

F-test 

Upper 

critical 

value 

Lower 

critical 

value 

F-value t-test 

Upper 

critical 

value 

Lower 

critical 

value 

t-value 
Variable and 

data set 

Month 

Accept 2.556 1.3001 1.579761 Accept 1.975 -1.975 -1.911 Testing 

Reject 2.936 1.334 0.390277 Accept 1.978 -1.978 -1.54856 Validation 

year 

Accept 2.556 1.3001 1.437779 Reject 1.975 -1.975 2.118442 Testing 

Reject 2.936 1.334 1.183871 Accept 1.978 -1.978 1.346531 Validation 
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Distance 

Accept 2.556 1.3001 1.584163 Accept 1.978 -1.975 -1.42187 Testing 

Accept 2.936 1.334 1.383798 Accept 1.975 -1.978 -1.53378 Validation 

discharge 

Accept 2.556 1.3001 1.449 Accept 1.975 -1.975 -1.13612 Testing 

Accept 2.936 1.334 2.660403 Accept 1.978 -1.978 1.163922 Validation 

TDS-output 

Accept 2.556 1.3001 1.934 Accept 1.975 -1.975 1.140016 Testing 

Accept 2.936 1.334 1.453 Accept 1.978 -1.978 1.667779 Validation 

 

Table 5. Weights and threshold levels for the ANN model. 

Wji ( weight from node i in the input layer to node j in the hidden layer ) Hidden  

layer node i=1 i=2 i=3 i=4 

8.922 0.773 -3.449 -0.326 j=5 

-2.373 1.186 -2.203 -0.085 j=6 

0.752 6.655 4.643 -1.287 j=7 

0.989 2.933 13.449 -9.527 j=8 

9.115 1.356 -5.482 -1.455 j=9 

-1.382 -6.637 0.949 0.372 j=10 

-0.409 1.536 -12.493 2.909 j=11 

-.1357 3.670 -5.842 0.655 j=12 

Wji (weight from node i in the hidden layer to node j in the output layer ) 
Output  

layer node 

i=5 i=6 i=7 i=8 i=9 i=10 i=11 i=12  

-2.39 -.184 -4.653 8.826 2.108 3.062 -2.396 2.570 j=13 
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Figure 1. Location of the study area. 

 

Figure 2.Discharge patterns of selected sites of Tigris river of the period(2001-2011). 
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Figure 3. TDS concentrations patterns of selected sites of Tigris river of the period (2001-2011). 

 

 

Figure 4. Performance of ANN model with different values of learning rates (β=0.8). 
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Figure 5.  Performance of ANN model with different values of momentum rates,( α = 0.  ). 

 

Figure 6. Performance of ANN model with different values of hidden layer nodes,(α=0.  and   

β=0.8). 
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Figure 7. Relative importance of the input variables for the ANN model.  

 

Figure 8. Simulated versus measured valued of TDS concentration of Tigris River. 
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Figure 9. Change of simulated TDS with distance and years, Tigris River.  

 

 

Figure 10. Schematic representation of the ANN architecture Model. 
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Figure 11. Simulated versus measured values of TDS concentrations for total. 
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 النظم المنشأية لعمارة الحداثة في العراق
 دراسة تحميمية لعمارة قحطان المدفعي

 
 المدرس محمد رضا شاكر مجيد

 ماجستير هندسة معمارية 
 جامعة بغداد -كمية الهندسة  –قسـ الهندسة المعمارية 

 

 الخلاصة
التغطيػات انناػاةية تات اناػكاؿ كهػي اسػتاداـ  التفػرد صفةالمعمار الدكتكر قحطاف المدفعي  عمارة مايميز 
كاسػتغلاؿ الهيكػػؿ المناػػ م فػػي اعطػا  جماليػػة ايػػافية لتكػػكيف المبنػه كتطبييػػا نفكػػار  الككنيػػة  ةميػػز تالم الأبعػػاد الثلاثيػة

 .ستادـ باكؿ ااص مادة الارسانة المسمحة كمادة إنااةية أساسية لتحييؽ هدفهكقد إ كالتي امف بها بادة كدافع عنها
مػا بػدأت بػه  تحميػؿ كدراسػةمف التراجع الممحكظ في المستكل العمراني التم يجعمنا بمكقع  يػدفعنا نحػك  يبةحكفي ظؿ 

العمارة العراقية الحديثة كمسارها المتصاعد كصكن الػه قمتهػا  كفتػرات تراجعهػا حتػه كصػمت الػه كيػع نتحسػد عميػه 
ا المجػاؿ كلكػي نتكػكف الحمػكؿ اايػعة لمبػدا الفعػؿ كرد ف في هػتيلنياد كالماتصحاليا ك التي تطرؽ اليها العديد مف ا

ناػػػاةها كتعريػػػؼ المجمػػػكع  تحػػػرمال ، مػػػف هنػػػا بػػػرزت الماػػػكمة البحثيػػة كهػػػيالفعػػؿ عػػػف الجػػػتكر السػػميمة لهػػػت  العمػػػارة كا 
عراقػػػي اػػػالص مفعػػػـ  نمػػػطبافكارهػػػا كانجازاتهػػػا كالسػػػبؿ التػػػي اتاػػػتها ركادهػػػا لمنهػػػكض بكاقػػػع العػػػراؽ العمرانػػػي كايجػػػاد 

فػػي هػػتا  كالجػػرأة فػػي إسػػتاداـ الػػنظـ المناػػ ية كالمػػكاد اوناػػاةية المتػػكفرة محميػػان لامػػؽ عمػػارة متميػػزة كالتجديػػد معاصػػرةلبا
النتاج كالتم كػاف المعمػار الػدكتكر قحطػاف المػدفعي احػد ركاد  المتميػزيف كالػتم يمكػف اتااتهػا مثػان ممتػازا عمػه تمػؾ 

 كرا عديد  نيمكف تجاهمها.الفترة لنستامص منه كمف نتاجه العمراني ام
 لمبحػثكإطػار نظػرم كعممػي  مجمكعػة منتابػة مػف أبنيػة المػدفعي المصػممة كالمنفػتةل تحمػيلان  مف هنا سيتيمف البحػث

سػتالاص أمػكر كهػك إميارنتها ب عماؿ أقرانه مف المعمارييف العػالمييف كصػكنن الػه الهػدؼ الػتم يناػد  البحػث مف ثـ ك 
 مف اهمها: ارمعديدة مف هتا النتاج المعم

 مف قبؿ. لمركادؿ التصميـ كاوناا  كما حدث ميكمات النهكض بالكاقع العمراني لمبلاد  مف الا 
 .انفكار التي اسس لها ركاد الحداثه كما تطكرت عنه نحيا كصكن اله عصرنا الحالي 
 بها المدفعي.اناكاؿ المعماريه كالمنا ية كالتينيات البناةية المتبعة فيها كالتي تميز  إيياح 

قحطااان الماادفعين ديناميكيااةن حداثااون تكنمشجيااان اجشااكال الساارجيةن النحتيااون  الكمماااا الرسيساايو:
 المنشأيو.
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ABSTRACT 
      Dr. Qahtan Al-Madfa’i’s architecture has been characterized by a particular 

characteristic that may be unique and extreme at the same time, that is the use of the 

distinctive three-dimensional structural coverings and the exploitation of structural 

construction to give an extra aesthetic touch to the composition of the building, to achieve 

the application of his universal ideas, which he strongly believed and defended. 

      In the period of the marked urban decline that the country undergoes now, which urges 

us toward making a comparison between the beginning of the modern Iraqi architecture and 

its ascending path up to its peak and the periods of its decline until it reached a very bad 

condition which has been referred to by many critics and specialists. In order not to have 

solutions that are subject to action-and-reaction principle, it is necessary to search for the 

intact origins of this architecture and its construction, define its concepts and achievements 

and the methods adopted by its pioneers to scaffold the urban status of Iraq and to find a 

pure Iraqi touch full of modernity and innovation. Dr. Qahtan Al-Madfa’i is one of those 

distinguished pioneers whose works and urban outcome can take as excellent examples of 

that period and to deduce from him and from his work many things that cannot be ignored.   

      All of this will be done through the illustration and analysis of selected group of Al-

Madfa’i’s buildings, designed and implemented, and to be compared with the works of his 

international architects and thereby reaching the goal of the research. 

Key Words: Kahtan Al Madfai, Dynamic, Modernism, Technology, Saddle shapes, Sculpture, 

Structural. 

 

 المقدمة .1
كعف اهـ منجزاتها  )الستينات كالسبعينات( التهبية لمعمارة العراقية في عصرها الحديث الحيبةالحديث عف نبد مف  بدأن 

كقػػد يكػػكف مػػف  فػػي تمػػؾ الفتػػرة اناػػارة  الػػه النتػػاج العمرانػػي المتميػػز الػػتم قدمػػه الػػدكتكر قحطػػاف المػػدفعيك كركادهػػا  
متحػػررا بػػتلؾ مػػف الييػػكد حػػدكد انبػػداع كاػػرج بهػػا عػػف المػػالكؼ  الصػػعب ااتصػػار  منجزاتػػه كاعمالػػه التػػي تجػػاكز بهػػا

التػػي كانػػت سػػاةدة انػػتاؾ كيالبػػا مايجػػد النيػػاد كالمحممػػكف صػػعكبة فػػي تصػػنيؼ اعمالػػه اك ادراجهػػا يػػمف تكجػػه  التيميديػػة
عمػه اقرانػه كتميػز  معيف فيد اكمت عمارته حدثا مميزا في الاطاب المعمارم العراقي كانقميمي ككنه )تجاكز سابييه ,

( ككيػػؼ ن كهػػك احػػد مؤسسػػي العمػػارة العراقيػػة الحديثػػة فػػي مرحمتهػػا الثانيػػة ك أحػػد مؤسسػػي ر بػػه باػػدة مػػف لحيػػه, كتػػاث
نيمكػف  تعػدد  يعتبرهػا طيفػا متػداالا مػع العمػارةجمعية الفنانيف التاكيمييف العراقية فيلا عف مايتميز به مف مكاهب م

لاؿ ممكته الاعرية كما ابدعه مف لكحات فنية فهك بتلؾ يتات مسارا ااصا فصؿ احدها عف انار تجسدت فيه مف ا
بػػه  ميػػز  عػػف ييػػر   مػػف معاصػػريه فػػي فتػػرة كػػاف التجديػػد كانفكػػار التحديثيػػة محػػط  اهتمػػاـ المعمػػارييف كالفنػػانيف كالتػػي 
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فػػي الممارسػػة المعماريػػة مػػف اليناعػػات كالػػرؤل  ان كانػػت تػػاثيرات احػػدها سػػرعاف ماتتػػدفؽ الػػه اناػػرل كالتػػي ييػػرت كثيػػر 
افكػار المعمػار كنتاجاتػه فػلا يػير مػف تكطةػة تبػيف  فػيكقبػؿ الكلػكج . (2 -)مصدر كييرت مف اساسياتها كمنطمياتها.

مػػف  1926ظػػركؼ ناػػ ته كتاثيراتهػػا عميػػه نحيػػا، فهػػك قحطػػاف حسػػف فهمػػي المػػدفعي كلػػد فػػي منطيػػة انعظميػػة عػػاـ 
ت مثالية اله حد ما لناك  المعمار الدكتكر قحطاف المدفعي كهتا مايفسر كلعه عاةمة معركفة كمف بيةة فنية كادبية كان

متلاكػػػه ركح انعتػػػداد بػػػالنفس  كانعتمػػػاد عمػػػه الػػػتات كالتػػػي ظهػػػرت لديػػػه فػػػي عػػػدة مكاقػػػؼ  الاػػػديد بػػػالفنكف كالاػػػعر كا 
يـ مػف النيػد الكثيػر كانرا  فانعكست نحيا في ابنيته المتفرد   اكلا كمنا ن كميمكنا  كاصرار  عمه هػت  اناػكاؿ بػالر 

 .حيبةالعمرانية الساةدة في تمؾ ال المعارية لتكجهاته كالتي كانت تبدك يريبة لمكهمة انكله عمه الفكر كالمفاهيـ
ليغادر بعدها اله انكمتػرا نكمػاؿ دراسػته  1946تميه تعميمه الثانكم في انعدادية المركزية في بغداد كتارج منها عاـ 

في كيمز كالتي فيؿ الدراسة فيها عمه لندف لككنها اكثر هدك ا كاقؿ تناقيا عف ما اعتاد  مف حياة فػي في الكارديؼ 
 تيميػػدمبمػػد  انـ ككانػػت الدراسػػة المعماريػػة فػػي الجامعػػات اننكميزيػػة محافظػػة الػػه حػػد كبيػػر كتميػػؿ باػػدة الػػه التكجػػه ال

ادة مػاينتهي بعيبػات يكاجههػا مػع ماػرفي التصػميـ كهك ماحػاكؿ قحطػاف التصػدم لػه كالتحػكؿ عنػه باػدة كالػتم كػاف عػ
كالرسـ اليدكم حيث كاف قحطاف يبحث عف تاته داةما متطمعا اله التجديد كالتطكير المستمر المػرتبط بػالتطكر العممػي 

 (1 -مصدر ) كالفيزياةي كالتم كاف في تركته في تمؾ الفترة.
كالحداثػة ‘Oscar Niemeyerاكسػكار نيمػاير  المعمػار ابنيػه كاعجػب المعمػار فػي تمػؾ الفتػرة بافكػار الحداثػة كاعجبتػه

 التي تبنتها البرازيؿ بيكة في تمؾ الفترة في عمارتها.
كبعد هت  السنيف التي نتامك مف النااط كانحداث المحبطػة كالمحفػزة اتػـ دراسػته الجامعيػة كعػاد الػه بغػداد كتلػؾ فػي 

العمارة العراقيه مف الاؿ ابنيته تات التعبير الكايح اليكم كالتم ليباار بكيع بصماته انكله في  1952نهاية عاـ 
مػػر بفتػػرات مػػف التطػػكر الميتػػرف بتغيػػر نظػػر  المعمػػار لمكػػكف كمػػا يكتسػػبه مػػف ابػػرة كدرايػػة كتبػػادؿ كجهػػات النظػػر مػػع 

حة فنػػتع عػػف كػػؿ ماتيػػدـ عمػػارة نايػػجة اػػكمت مسػػا Walter, Gropius) (عماليػػة الحداثػػة امثػػاؿ كالتػػر يركبيػػكس 
مميز  كمؤثرة في عمكـ الماػهد المعمػارم العراقػي كانقميمػي عمػه حػد سػكا  كالػتم كػاف ينطػكم عمػه اهميػة ااصػة اف 

 كاف لحساب تحديث العمارة.
فػػػي الكقػػػت تاتػػػه كهػػػي اسػػػتاداـ التغطيػػػات انناػػػاةية تات  بػػػالي فيهػػػاعمارتػػػه بصػػػفة  قػػػد تكػػػكف متفػػػردة كم كقػػػد تميػػػزت 

فػي  كالابرات المحمية الحرفية المتكفرة آنتاؾ كتينيات بناةيػة ميز  كاستغلاؿ الهيكؿ المنا متمال الأبعاد اناكاؿ الثلاثية
التػي امػف بهػا باػدة كدافػع عنهػا .كمػا يتيػح عمػه نتاجػه المبنه كتطبييا نفكار  الككنية اعطا  جمالية ايافية لتككيف 

بعػػة لغػػات )اننكميزيػػة كانلمانيػػة كاليكنانيػػة فيػػلا عػػف المعمػػارم كالفنػػي انطػػلاع الكاسػػع كالبراعػػة المغكيػػة فهػػك مػػتيف نر 
 .1ـ( كممارس داةـ لكتابة الاعر كممارسة الرسـلأا العربية لغته
 :قدماا الإنجاز المعماريم .2

حاليػا انمػر الػتم يجعمنػا بمكقػع   عػراؽمػر بػه اليممحكظ في المستكل العمراني التم التراجع ال نبد مف تاايص أسباب
يارنػػة بػيف مػػا بػدأت بػه العمػػارة العراقيػة الحديثػػة كمسػارها المتصػاعد كصػػكن الػه قمتهػػا  كفتػرات تراجعهػػا يػدفعنا نحػك الم

                                                 
كانبػػػداعات كبعػػػد اف تجػػػاكز عمػػػر  الاامسػػػة كالثمػػػانيف عامػػػا نزاؿ المعمػػػار مفعمػػػا بالحيكيػػػة كحػػػب انطػػػلاع كبعػػػد سػػػنيف طكيمػػػه مػػػف اننجػػػازات  1

 كممارسة الفف كمتابعة اار اابار  كمستجداته في العالـ فهك ن ياعر بالممؿ كن بالفراغ فهك يعرؼ كيؼ يممئ كقته عمه حد قكله.
تحديات ن يزاؿ يتطمػع الػه تحػد اايػر يثبػت فيهػا تميػز  كابداعػه فػي  مجػاؿ العمػارة  ميػدما امكانياتػه بعد كؿ هتا العمر الممي   بالمغامرات كال فهك

 .2014كلحيف إعداد هتا البحث عاـ  امدك  بالطاقه طيمة سنيف الغربةككؿ مايستطيع اف ييدمه في ادمة بمد  كابناةه التيف 
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ف فػي هػتا المجػاؿ كلكػي نتكػكف ياليهػا العديػد مػف النيػاد كالماتصػ ك التي تطرؽ ه كصمت اله كيع نتحسد عميهحت
تعريػؼ بافكارهػا كانجازاتهػا السػميمة لهػت  العمػارة ك الحمكؿ اايعة لمبدا الفعؿ كرد الفعؿ نبد مػف البحػث عػف الجػتكر ال

العمرانػػي كايجػػاد نفػػس عراقػػي اػػالص مفعػػـ بالحداثػػه كالتجديػػد فػػي هػػتا  كاقع الكالسػػبؿ التػػي اتاػػتها ركادهػػا لمنهػػكض بػػ
 النتاج كالتم كاف الدكتكر قحطاف المدفعي احد ركاد  المتميزيف. 

اليػعؼ كاليػكة التػي يمكػف العمػؿ عميهػا لمعػكد  الػه مسػار الركػب  كبتلؾ نككف قد حػددنا كلػك باػكؿ مبسػط مػكاطف     
 . التم تمتزمه ايمب الدكؿالمعمارم كانبداعي 

 كالامسينيات لكؿ انجاز مجمكعة مف الميدمات سكا  اكانت كايحة لمعياف أك افيه فتكفرت في فترة انربعينيات      
التي كاف كنبد اف تؤثر عمه مسار العمارة العراقية كتكجهاتها مف اليرف المايي عكامؿ كفرص نادرة كبصكرة مجتمعة ك 

 .متمثمه ب زدياد المكارد المالية لمعراؽ بصكرة كبيرة نتيجة نزدياد صادرات كاسعار النفط العراقي
يف كعكدة مجمكعة مف المعماريات عكدة عدد مف الفنانيف التاكيمييف كالمعمارييف اله العراؽ ياهدت فترة الامسين كقد

كالفنانيف المهنييف كالمكهكبيف كالتيف اكممكا دراستهـ في ايرة المؤسسات التعميمية الفنية كالمعمارية انكربية كما كاف 
تمبي احتياجاتهـ كتتفاعؿ مع هت  التغيرات كقد تكجه العديد مف  ااكاؿ كتككينات جديدةيرافؽ تلؾ مف يركرة ايجاد 

نحك التجديد كالتحديث كتكسيعه في الفعالية التصميمية  كاونااةية مستثمريف قكاعد  المعمارييف العراقييف في تمؾ الفترة
الحداثة كمحاكليف ربطها باصكصية المكاف كنتيجة لتنكع امفيات معماريي تمؾ الفترة عمه الصعيد الثيافي كانجتماعي 

لتيميد لتلؾ لـ يهتمكا بالعمؿ الجماعي اك كالعممي ظهر نكع مف التبايف في الرؤل كانفكار باحثيف عف طرز تبعدهـ عف ا
الت سيس لياعدة ماتركة لتا كاف التاابه في تجديدهـ ينحصر في حؿ المتطمب البيةي كالكظيفي في نتاجهـ المعمارم بؿ 
انجر معظمهـ نحك انلتزاـ باليكاعد كاناكاؿ المتعارؼ عميها منطكييف تحت جناح الحداثة العالمية كهتا مالـ يعجب 

معمار قحطاف المدفعي التم كجد في اعماقه صكتا ااصا كمتميزا في مسار العممية التجديدية، صكتا يطمح اله ال
تكثيؼ الاصكصيه كالنزعة الفردية كالتي تحدت ب اكالها قناعات الكثيريف في عصر  التيف كانت عمارتهـ تنطكم عمه 

تم كاف يالبا مايميؿ اله التيميد كاوقتباس تحد مف التطكير ايفا  الجانب الكظيفي كالبيةي كجز ا مف الجانب الاكمي ال
كانبداع كاف كانت هت  انبنيه تات سمة كظيفية بحته .لتلؾ لج  اله التكجه التعبيرم التم كجد  انقرب اله افكار  

لحركة ليكصمه اله عمارة تات طابع متميز تك نكهة ااصة كمتفردة تمكنه مف الاركج ب اكاؿ معماريه تتسـ با
كالديناميكية المابعة بكميات الحس اننفعالي كما ساعد عمه تلؾ مف ريبته المستمرة للاطلاع عمه احدث التينيات 
 اننااةية في عصر  كابتداعه ااكان ميزته عف يير  كالتي كانت في ايمب انحياف مكفية في ادا  المبتغه منها.

 (2 -)مصدر
 حطان المدفعيالفكر التصميمي لممعمار الدكتشر ق

إف النابة الصالحة مف المعمارييف التي تنافست في العطا  منت لحظة عكدتها اله الكطف قد تفاعمػت فيمػا بينهػا فكريػان 
كتبادلػػػت المفػػػاهيـ كأعمنػػػت بجػػػرأة عػػػف تيبمهػػػا لممسػػػؤكلية ف سسػػػكا مكػػػاتبهـ كأاػػػغمكا مناصػػػب أساسػػػية فػػػي أجهػػػزة الدكلػػػة 

رسػػـ سياسػػاتها العمميػػة كلػػيس ثمػػة اػػؾ فػػي أف هػػتا التنػػافس قػػد اسػػهـ فػػي إسػػتالاص الهندسػػية فمعبػػكا دكران كايػػحان فػػي 
اليدرات الكامنة لأفكار هت  النابة كياها الػه أرض الكاقػع لتيػيؼ رصػيدان الػه رصػيد كترسػـ بػالاط العػريض الػتم 

كرسػـ ملامحها...كليػػد  تػرتبط حافتػه الأاػرل بالاػػكؿ المرسػكـ لمدرسػة معماريػة عراقيػػه تتنػاكب الأجيػاؿ فػي رفػػع بنيانهػا
كػاف قحطػػاف المػدفعي كاحػػدان مػف هػػت  النابػة كأسػػهـ بفاعميػػة الػه جانػػب أقرانػه مػػف أمثػاؿ د. محمػػد مكيػه، هاػػاـ منيػػر، 

 رفعت الجادرجي، عبدالله إحساف كامؿ، كييرهـ في صياية محاكر أساسية لمحركة المعمارية في العراؽ.
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اج المعمػػارم بحيكيػػة إيػػافية مػػف اػػلاؿ تحركػػه كتطمعاتػػه كتيصػػيه لكػػؿ ليػػد سػػاهـ المعمػػار قحطػػاف المػػدفعي برفػػد النتػػ
كيؼ إسػػػتهكتنا كراقػػػت لنػػػػا تمػػػؾ التككينػػػات الديناميكيػػػة كالتككينػػػػات مػػػف اػػػػكااص الأعمػػػاؿ...ك  مػػػايظهر عمػػػه السػػػاحة

المتنايمػػػػػة التػػػػػي طالعناهػػػػػا فػػػػػي متنػػػػػز  الأكبػػػػػرا كمدينػػػػػة الألعػػػػػاب فػػػػػي بغػػػػػداد كالتػػػػػي أقترنػػػػػت بإسػػػػػـ المعمػػػػػار قحطػػػػػاف 
 لمدفعي..كحيكية الاباب التي تتكافؽ مع كؿ مايكحي بالحركة كالتغيير.ا

ليػػد كػػاف قحطػػاف مػػف قلاةػػؿ المهندسػػيف المعمػػارييف الػػتيف يحممػػكف صػػفات أاػػرل كتطمعػػات أاػػرل الػػه جانػػب تطمعاتػػه 
هتماماته المهنية فيد كاف يعنه بسماع الاعر كالاعر الاعبي...بؿ كينظمه أييان..كيركؽ له سماع الم كسييه..ككاف كا 

 إجتماعيان كمتبسطان.
عتماد  أسػمكب التجريػد كالتركيػز عمػه عناصػر ديناميكيػة الأاػيا  -ليد أثبت المعمار قحطاف المدفعي اغفه بالتجديد كا 

في أعماله كتصػاميمه. إف أسػمكب المعمػار قحطػاف المػدفعي هػتا قػد أينػه الحركػة المعماريػة  -كهت  هي نظرته لمككف
 ر اد إليه عدد مف جيؿ الاباب.في العراؽ بمحكر آا

نيمكف انكار تبني المدفعي نفكار الحداثة ان انه قاـ ب دااؿ تفسػيراته التاتيػة عمػه نتاجاتػه المعماريػة كالتػي اكػد فيهػا ك 
عمه الناحية الجمالية كفؽ مفهكـ نحتي حيث كػاف عػادة مػا يسػتادـ اسػمكب نياػرج عػف ركح الحداثػة مػدالا عناصػر  

كبه الااص كالمميز كليد كػاف لػه نظػرة ااصػة ميزتػه عػف اقرانػه مػف ركاد الحداثػة العػراقييف كتلػؾ نلتزامػه النحتية ب سم
منهجا فكريا يتمحكر حكؿ الرؤية الككنية الجديدة كالتي ااهرها عمما  الفيزيػا  كالفمػؾ فػي تمػؾ الفتػرة كحػاكؿ اف يطبيهػا 

 تاته المتفردة. عمه نتاجه المعمارم بنفس يعكس اصكصية البمد كاصكصية
اعتيد اف الكػكف كػؿ مكحػد ككػؿ اػي  فػي جػكهر   Albert Einsteinأيناتايف  ألبرت كتنص هت  النظريات عمه ) اف

 يساكم كؿ اي  اار كيتحكؿ اليه فالمادة تساكم الطاقة كالجاتبية تساكم التعجيؿ كالمكاف يساكم الزماف.....(.
ة المسػػتادمة لكصػػؼ الكػػكف انحػػدب مػػف قبػػؿ انكتاػػافات الثكريػػة لعمػػـ كقػػد اسػػندت معػػادنت النظريػػة النسػػبية الجديػػد

( كالتم استبدؿ صػكرة الكػكف السػاكف تم الحجػـ 5،9الفمؾ في العارينيات عمه يد العالـ الفمكي ادكيف هابؿ )مصدر 
جػرات التػي تبتعػد المحدكد المستير بصكرة الككف الداةـ التكسع كانستمرارية كالتغيير فهك يتكػكف مػف عػدد هاةػؿ مػف الم

 نحك افاؽ فياةية متسعة باستمرار.
الػػؼ سػػنة يػػكةية تيريبػػا  100التبانػػة التػػي نحػػف فيهػػا كالتػػي يبمػػي قطرهػػا حػػكالي  درب كاصػػبحت بػػتلؾ مجػػرة  

نتعتبػر ان اكبػر بيميػؿ مػف كػرة متناهيػة الصػغر فػي كػكف ممتػد ممػي  بػالمجرات لػتلؾ يمثػؿ الكػكف المنفجػر اصػاةص 
ير كالمتغير بمركر الزمف نتيجة لتمدد المادة المكجكدة فيه كالتم فرض نكع جديد مػف اننظمػة تػدعه الككف يير المست

( كماجػػا ت Expansionism(  كالتكسػػع اك انمتػػداد )Teleology) 2باننظمػػة المفتكحػػة المعتمػػدة عمػػه مبػػدأ الغاةيػػة
قحطاف المدفعي عف طريػؽ تبنيػه لنظريػة  ارالمعم به هت  انفكار عف التكسع كاكؿ الككف الجديد انعكست في اعماؿ

 التم اعتمد عميه في افكار  التصميمية. (،2-)اكؿ Hyperbolic- Paraboloidal Surfaces 3ةح السرجيك السط
كقد تبنه المدفعي هت  انفكار بعد فترة مف المحاكنت نداػاؿ الحركػة كالحداثػة فػي اعمالػه ففػي فتػرة السػتينات نلاحػظ 

نيكج المهني كنػتممس ميدرتػه المتمكنػة فػي اسػتاداـ عناصػر التكػكيف الممزكجػة بػالابرة العاليػة لطبيعػة هتا التحكؿ كال

                                                 
 ه مبدأ ارتباط العالـ بعيه ببعض ارتباط العمّة بالغاية.( قسـ مف الميتافيزييا، ييكـ عمTeleologyالغاةية )   2
( هك سطح أممس يحتكم عمه نيطة ميعرة أك أكثر. أتت التسمية مػف اػبهه بسػرج الفػرس كالػتم ينحنػي Saddle surfaceالسطح السرجي )    3

 صعكدا كهبكطا.
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المػػكاد انناػػػاةية التػػػي يسػػػتادمها مػػع نظػػػاـ التراكيػػػب التػػػي يكظفهػػا لكػػػف هػػػاجس التعبيريػػػة المتسػػمة عمػػػه تعييػػػد كتمػػػكم 
ا العيػػد المػػزدحـ بالماػػاريع المتنكعػػة التػػي كسػػمت عمػػارة المػػدفعي بسػػمة ااصػػة كانػػت حايػػرة فػػي هػػت (12 -)مصػػدر

تعبيريػػة  نايػع كتككالتػي طالمػا تطمػع المعمػار مػف الالهػػا ليكػكف صػكتا معماريػا منفػردا كمتميػػزا لامػؽ منجػز معمػارم 
مكثفة قاةمة عمه حرية التجريب كتفعيؿ المايمة لػتا كانػت مبانيػه تعػايش فػي تككيناتهػا قػرارات تصػميمية تبػدك متيػادة 

  اكانػت لػدننتها اـ لناحيػة اسػمكب تكظيفاتهػا كقػد يكػكف تجػاكر هػت  اليػرارات المتباينػة فػي التكػكيف هػك كمتناقية سػكا
التم يمنح انايػر تمػؾ اليػكة انسػرة مػف الحيكيػة كالتاػكيؽ كالػتم يصػؿ الػه حػد الغرابػة كصػكن الػه فػؾ ارتبػاط مفهػكـ 

دعػػت لػػه اسػػتراتيجيات عمػػارة التفكيػػؾ فػػي تمػػؾ الفتػػرة  العمػػارة عػػف مػػا ارتبطػػت بهػػا مػػف قػػيـ كمنطػػؽ كتمثيػػؿ كتػػاري  كمػػا
يػػي ككمثػػاؿ عمػػه تصػػاميمه المثيػػرة لمنيػػاش كالتػػي يحظػػر تككيناتهػػا البسػػاطة مػػع التعييػػد كالكيػػكح مػػع انبهػػاـ هػػي مبن

 .(4-)اكؿ في بغداد كمبنه متحؼ التاري  الطبيعي (3-)اكؿ الفنانيف التاكيميي جمعية
( اف هنالؾ فنانيف يؤمنكف بيكة العيؿ كتراهـ يبتعدكف عف المرسـ كينتيمػكف 13 -مصدركيرل المدفعي في احد ندكاته )

تدريب العيف عمه الرؤية مف انمكر التي تيابؿ العيؿ كفػي اليابميػة عمػه ك تحفزهـ عمه العمؿ  كياله المياديف مباارة 
صكصػا عنػدما يتحػدث عػف طفكلتػه في هتا انعتبػار كا   4الازف كحمؿ الرؤل لبعض الكقت كقد تكر ) كاندنسكي (

انػػه كػػاف يػػركض عيمػػه ام يتجػػاكز ااتباراتػػه لػػيس عػػف طريػػؽ انحصػػا ات الريايػػية بػػؿ يتجػػاكز تلػػؾ عنػػدما يػػرد عػػف 
 نياط : كقد حصر المدفعي مبادةه في اربع نفسه مف الاؿ الرؤية كالتسجيؿ كسط عيمه

 التمياةية في الفف  -أ 
 كالنهمية  لاللاجدك  -ب 
 التمياةية في الاعر  -ج 
 المغة التعبيرية في العمارة   -د 

عرض عمه المتميي مايفيد  مف مصطمحات قد تبدك في الفنػكف اف يمستكيات الجماؿ ، ك يرل كاندنسكي انه تكيع بها 
قريبة مف التهف كلكنها عنػد المتميػي بعيػدة نكعامػا كهػتا يػتـ مػف اػلاؿ عػرض أاػكاؿ كتككينػات كرسػكمات تفصػح عػف 

نما في المادةمكنكنات الفناف المادية الت  تاتها. ي لـ ترد في تهنه فحسب كا 
لمعرفػة مػف اػلاؿ المدفعي يصارع أمكر  الأربعة مف الاؿ ، الصراع مع الطبيعػة كأسػرارها كعمميػة اكتاػاؼ ا نرل افك 

الرباعية بإيجاد صيغة لمجمع التاكيمي في رؤل لثيافة تبدك أكثر معاصرة ، كاصكصػا  كظؼأف ييحاكؿ  إتالتجربة ، 
ته لممكيكع إف كاف لكحة مرسػكمة اكتصػميـ عمػارة بنػا  أك قصػيدة اػعرية ، هنػا لػـ يجػد فرصػة نسػتاراج كػؿ مااطب

نمػػا الكاجػػب عميػػه أف يتعامػػؿ مػػع مفػػردات أكثػػر إبػػراز فػػي الحالػػة  مػػامكجكد فػػي الرباعيػػة كجعمػػه حالػػة سػػهمة لممتميػػي ، كا 
 الظاهرة كالمعمكلة.

لألػكاف فػي الأاػكاؿ كالمسػاحات ، يكػكف تكػرار مكجػب بالمكحػة نف عػادة أف كؿ التيا  ل (14 -)مصدر المدفعي كيرل
هناؾ تكافيات تحػدث نتيجػة هػت  التكػرارات ، المػدفعي أعطػه لهػت  الحالػة دكر فػي الرسػـ كالعمػارة كالاػعر ، لأنػه عبػر 

امؿ يتكر . كالامؿ  عف تمؾ الأفكار باتجاهات فمسفية لمنظر إله الحياة كالبحث كالتعمـ مف الطبيعة ، دكف إحداث أم

                                                 
د أاػػهر فنػػاني اليػػرف العاػػريف، اكتاػػافاته فػػي مجػػاؿ الفػػف ( أحػػ1944ديسػػمبر  13 - 1866ديسػػمبر  16فاسػػيمي كاندينسػػكي  فنػػاف ركسػػي )   4

دا فػي التجريدم جعمته كاحدا مف أهػـ المبتكػريف كالمجػدديف فػي الفػف الحػديث. فػي كمتػا الحػالتيف، كفنػاف كباحػث نظػرم لعػب دكران محكريػان كمهمػان جػ
ف أاػهر تصػاميمه كرسػي كاندينسػكي الػتم ااػت طػابع مدرسػة (. تنسب اليه جاةزة كاندينسكي لمفنػكف، كمػabstraction artتطكر الفف التجريدم )
 باكهاكس في ألمانيا.
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هنا ليس الميصكد بالأفكار باعتبار أف الفكرة نايجة ، كلـ يبيه سكل الأدا  كالفعاليػة كالنظػر إلػه الحيػاة الجديػدة مػف 
 الاؿ الفف .

عندما تككف نهاية الحياة المكت كهت  مصػيرية اونسػاف كنهايتػه فييػكؿ مػا الجػدكل مػف العمػؿ كاننتػاج ييكؿ المدفعي ك )
نما ربما ينطمؽ مف إعداـ المكيػكع أك الػتامص منػه ، كالفف كا لبنا  كالاعر كالعمارة ، هت  لـ تكف نجدكل لها عند  كا 

كاننتياؿ إله اي  آار سكا  في لكحة الرسـ أك تصػميـ فنػكف العمػارة أك الاػعر هػك الػتم باومكػاف انجػاز  دكف ييػر  
 . (في الفف

لمػػدفعي ككنهػػا لغػػة دراميػػة ، نايػػجة مػػف تغيػػرات أثػػرت عمػػه الحيػػاة ، بدرجػػة كالتمياةيػػة المعتمػػدة فػػي الاػػعر ، أقحمهػػا ا
اكجدها النياد في فترة الحداثة عندما امؿ الاعر ، الكلاـ العفكم كالكلاـ التمياةي كالكلاـ أثنػا  الأحػلاـ كػؿ هػت  كانػت 

كالتػداكؿ كمػف الصػعكبة أف يفهػـ أفكار المدفعي تنطمؽ ، بدافع التجربة ننػه اكجػد لهػا أريػيات ماػتركة ، فػي المنفعػة 
نما مف المحتمؿ اف يكؼ نكع مف اليناعة ، عندما يككف الاعر بمعنا  العفػكم  هتا المكيكع بسهكلة مف قبؿ المتميي كا 

 ليس إن؟.
تعبير عان شايو شخصشصاا  يشى اً شمكاني اً زماني اً لم تكن العمارة لي إلا تركيب ) (8-)مصػدر كحسب ماييكؿ المدفعي

(  الحالة الااصة التي يمتمكها ، المدفعي تظهر إله حد ما في قاةمة تتصدر الأايا  المحسكسة ،  ةلمعماريبداياتي ا
كتبيه عند  المتيادات هي التي تثير الجدؿ بدليؿ أف المعمارم لحد الآف هك معادم لمطبيعة عندما يحكؿ كؿ مافيها 

اػكاؿ ، كعنػدما يسػتادـ التصػميـ يبػدك انػه يكػكف يػد إله بنػا  ، المػدفعي يريػد الػتامص مػف الأمػر بػ م اػكؿ مػف الأ
الطبيعة كمبدأ ، كلكف الأمر يمكف أف يككف يمف صكرة الماهد الراقي التم أدرؾ الحيز بالفيا  ،كمف ثـ الصػياية 
التصػػميمية ليبيػػي لمػػػزمف تداكليتػػه المعبػػػرة ب فكػػار كماػػػاعر كأحاسػػيس فنػػكف العمػػػارة ، كعنػػدما يكػػػكف المػػدفعي معماريػػػا 

 بيريا يتكجب عميه أف يعطي دكرا اكبر لأعماله بالظهكر لتكتمؿ الرباعية كنيكؿ إنها رباعيات المدفعي.تع
 رؤية المدفعي لمشاقع العمراني الحالي .3

فػي العديػد مػف المناسػبات كالميػا ات عػف عػدـ قناعتػه بمجمػؿ مػايجرم  (9 -)مصػدر ليد عبر المػدفعي    
ماع الاسالا لايعجبناين شالا ي لا كالعػراؽ عمكمػا كقػد كصػؼ تلػؾ بيكلػه ) عمه ارض الكاقػع لعمػارة بغػداد اصكصػا

يعجبناي بيااا اكثار ماان الا ي يعجبنااي شىا ا يشااعرني باالالم لان باااداد تساتحق جمااالا اكثار شعمرانااا اجمال فالساافر 
داخل باداد مؤلم شاتمنا  ان يكاشن ىا ا الشاعشر مؤقتاا ن مان الصاعد ان اجاد قامشساا تعبيرياا عان ماىياة عماارة 

(، اداد شلكن كأي شاحد يبحث عن امشره القديمة يجد ىنا شىناك اماكن ليا اىمية شليا  كرياتيا شطرازىا الشاضا ب
عماارة بااداد عماارة شقاشرة شىاي بالضاد مماا يحادث حالياا شىا ا لايشاشه بااداد فقاط بال )كما اكػد المػدفعي عمػه اف 

ماػػيرا بػػتلؾ الػػه مػػكاد  (مكااان لا ننتمااي اليااوسااشلا يمحااي ملامحيااا التااي نعرفيااا شتجعمنااا نشااعر بأننااا نسااكن فااي 
التغميػػؼ الجديػػدة كاهمهػػا )الألكيكبكنػػد( معتبرهػػا فيػػلات الحيػػارة الغربيػػة كككنهػػا مػػادة تجاريػػة يػػراد مػػف اسػػتادامها 
سهكلة التنفيت كسرعته كالكسب المادم طارحة بتلؾ كؿ الييـ الاكمية كالمنااية كانجتماعيػة العراقيػة عػرض الحػاةط 

كنسػيما اتا لػـ يكػف ممبيػا لممتطمبػات ( 5 –مصػدر (، )مكعد من الزجاج عما  ماا ا يادلل ثان عمه تلؾ )كاعطه م
 المنااية المحمية الياسية.

 (18 -)مصدر كهك يعزك كاقع بغداد الحالي اله مجمكعة مف العكامؿ مف اهمها كالتم له علاقة بالبحث:
لمنفػتة كتفيػيؿ ماكػاف سػريعا منهػا كاقػؿ كمفػة دكف التعجؿ في كيػع الحمػكؿ لمماػكلات كااتيػار الجهػات ا -أ 

 انلتفات اله النكعية كالفكر المتبع كاحيانا انعدامه .
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انتاػػار المهمػػة التصػػميمية لػػدل اػػركات الميػػاكنت المحميػػة كالتػػي تاػػكمت معظمهػػا حػػديثا كالتػػزامهـ بتنفيػػت  -ب 
 المااريع بغياب كمي اك ابه كمي عف الرقابة انكاديمية كالمتاصصة .

استاداـ مكاد البنا  الرايصة كالرديةة النكعية كانلتزاـ بمجمكعػة مػف التككينػات المكػررة كالتػي يػتـ اقحامهػا  -ج 
فػػػي ماتمػػػؼ الماػػػاريع بػػػااتلاؼ ايرايػػػها فيػػػلا عػػػف اسػػػتاداـ انلػػػكاف دكف دراسػػػة مػػػدل تناسػػػيها كتيػػػادها مػػػع 

 ة .المجاكرات كمع يرض المبنه اك المحددات البيةية الاكمية اك الكظيفي
انقتصػػار فػػي عمميػػة التنفيػػت عمػػه نظػػاـ البنػػا  المصػػمت الكػػكنكريتي فػػي الماػػاريع الصػػغيرة كالهياكػػؿ تات  -د 

 الفيا ات المتكررة في المااريع المتكسطة كالكبيرة ككانما نكجكد ننظمة اارل اك انعتياد باف تنفيتها مستحيؿ. 
تزكيػػدهـ بالماططػػات التنفيتيػػة الكاممػػة التفاصػػيؿ اسػػتاداـ اليػػد العاممػػة البعيػػدة عػػف انحتػػراؼ الفنػػي كعػػدـ  -ق 

كانعداـ كجكد دكرات اك اركات منظمة تمتمؾ كادرا متاصصا في تنفيت انبنية مف المهندس المارؼ كحته العامؿ 
 البسيط مما يؤدم اله نتاةع سمبية كيير مريية في تنفيت التصاميـ كاف كانت عمه مستكل معيف مف العناية .

هػا ام فكػر تصػميمي  اكاؿ المعمارية التي نينطػكم كرامميف المعمارييف نحك التيميد كانميؿ معظـ المص -ك 
معمػػارم اك اناػػاةي كربمػػا يعػػكد تلػػؾ الػػه التسػػرع فػػي اتاػػات اليػػرارات كحػػتؼ مرحمػػة الدراسػػة التحميميػػة قبػػؿ الاػػركع 

 بكيع التصاميـ .
المصػػمميف انناػػاةييف عمػػه مجمكعػػة  اليػػعؼ الكايػػح كالكبيػػر فػػي التكنكلكجيػػا انناػػاةية كاقتصػػار معظػػـ -ز 

مف النظـ كالمعادنت كالمكاد التي تعتبر متامفة في كقتنا الحالي كدكف الطمكح التم يتطمع اليػه المصػمـ المعمػارم 
مما يفرض عميه قيكدا في عممه التصميمي مف اػلاؿ التبسػيط الاػديد لمكاجهػات الاامسػة )ااػكاؿ انسػيؼ( كتيميػؿ 

الهيكػؿ كب قػؿ مسػافات ممكنػة كالتييػد بمػيلاف محػدد كفتحػات كتػداالات بسػيطة عمػه مسػتكل  انرييات البارزة عػف
 الجدراف كانرييات.

يػػػعؼ فػػػي التكاصػػػؿ مػػػع الجهػػػات التػػػي تمثػػػؿ الابػػػرات انناػػػاةية كالتنفيتيػػػة فػػػي دكؿ العػػػالـ المتيػػػدـ عمػػػه  -ح 
 المستكل انكاديمي كالتطبييي .

لمتسػػارعة الاطػػه فػػي العػػالـ المتيػػدـ  مػػازاؿ العػػراؽ بمػػد الحيػػارات االتكنكلكجيػػة  (1 -)مصػػدر كفػػي ظػػؿ التطػػكرات
كاكؿ مؤسػػس لميػػكانيف المدنيػػة لمعػػالـ يػػرزح تحػػت كطػػ ة التاػػكهات البصػػرية لممنظػػر المػػدني كالنسػػيع الحيػػرم عمػػه 

مػدني الريـ مف اننا بمد ييكد مكسساته دستكر ديميراطي، ينبغي اف تؤمف مف الالػه حيػاة كريمػة تميػؽ لبنػا  مجتمػع 
متيدـ كتكمف الماكمة الكبرل باننا ن نزاؿ نعػاني مػف ازمػة مستعصػية تتمثػؿ فػي تػكفير الطاقػة الكهرباةيػة كالتػي تعػد 
عصب الحياة في جميع انحا  العالـ لما لها مف اهمية ستراتيجية كحيكية كقد اسػتمرت هػت  المعانػاة نكثػر مػف عيػد 

الكهرباةيػػة كاسػػتيرادها مػػف منااػػئ عالميػػة  كبانعتمػػاد عمػػه طاقػػة مػػف الػػزمف بانتظػػار اناػػا  محطػػات تكليػػد الطاقػػة 
البتػػركؿ ككقػػكد لمتكليػػد الكهربػػاةي عممػػا بػػاف ايمػػب دكؿ العػػالـ اتجهػػت منػػت فتػػرة ليسػػت باليصػػيرة نيجػػاد حمػػكؿ بديمػػة 

نفيػػػػات لمطاقػػػػة الكهرباةيػػػػة تعتمػػػػد الطاقػػػػة النظيفػػػػة الصػػػػديية لمبيةػػػػة نسػػػػباب ايجابيػػػػة تسػػػػتند الػػػػه تافػػػػيض مسػػػػتكل ال
 كالمحافظة عمه نيا  البيةة. 

 المعمارية الحديثة: ةين نتاج المدفعي شعمالقة  الحركدراسة مقارنة ب .4
ياػػير المعمػػار المػػدفعي فػػي كثيػػر مػػف النػػدكات كالميػػا ات الػػه اعجابػػه بتكجهػػات كاعمػػاؿ العديػػد مػػف المعمػػارييف العػػالمييف مػػف 

 .Le Corbusierامثاؿ لك ككربكزييه 
  Richard Buckminster Fullerريتاارد بككمينستر فكلر  بانيافة اله العالـ كالمعمار كاكسكار نيماير



Journal of Engineering Volume   21  June  2015 Number 6  
                                                                                                                                                

                            

- 9 - 

 

 

 .Frank Owen Gehryك فرانؾ أكيف ييرم 
العديد مف الميارنات بيف اعمالهـ كاعماله مظهرا اناتلاؼ فػي تبنػي انفكػار  (14 -)مصدر المدفعي مابيفكعادة 

نظرنػػا الػػه اعمػػاؿ المػػدفعي بعػػيف الػػتفحص لكجػػدناها ممتزمػػة باساسػػياتها  يػػمف التكجػػه اك الحركػػة الكاحػػدة كاتا مػػا
الهيكػؿ  لمبادئ كافكار الحداثة مف تجريد كااتزاؿ لمتفاصيؿ كالحركة مع اعطا  نكع مف التعبيريػة البارعػة مػف اػلاؿ

مػػػس الكػػػكنكريتي البسػػػيط تك المػػػكاد المحميػػػة فنجػػػد تػػػاثر  الكايػػػح بابنيػػػة لػػػك ككربكزييػػػه الكحاػػػيه تات المم مناػػػ مال
 Notre Dame du Haut, Ronchamp, Fr., 1950-55المكاػكؼ كالااػف، ككنيسػة الركنتاػاـ فػي فرنسػا 

 (.5-)اكؿ

 ببغػداد السػمكية كاللاسػمكية فػي منطيػة العػلاكم بنايػة مركػز تػدريب المكاصػلاتبؽ تلؾ في عػدد مػف ابنيتػه مثػؿ فط 
 .(7-)اكؿ ف الياسيف كدار السيد هااـ المدفعيكعدد مف الدكر السكنية مثؿ دار السيد امي.(6-)اكؿ

كاصكصػية عراقػي  طػابعمع انلتػزاـ باعطػا   لمدكر السكنية التي صممهافيلا عف تاثر  بانطر التككينية العامة  
مكانية كمنااية في معظـ ابنيته. كاهد مسار المدفعي تحكن كبيرا بعد لياةػه بعمػلاؽ الحداةػة كالتػر يركبيػكس حيػث 

انايػػر فكػػر النسػػبية فػػي العمػػارة كدكر الػػزمف كالحركػػة يػػمف هػػتا المفهػػكـ فكانػػت تمػػؾ الحادثػػة طفػػرة لمسػػار نيػػؿ لػػه 
 المعمػػار انبػػداعي كبمػػا اسػػما  انفػػلاؽ فكػػرم تجسػػد فػػي عػػدد مػػف ابنيتػػه المميػػز  مثػػؿ مبنػػه سػػكرتارية الطاقػػة التريػػة

الحركػػػات الفنيػػػة الحديثػػػة كاكجههػػػا  ثير البريػػػد المركػػػزم كمػػػا نجػػػد تػػػمبنػػػه ك  (9-)اػػػكؿ ؿ بنيػػػةآ جػػػامعك  (8-)اػػػكؿ
)حالياننيابػة المهندسػيف  المعمارية كايحة في نتاجػه المعمػارل كالمكسػييه الحديثػة كتيػمينها فػي المعػرض الزراعػي

الكقػػت تاتػػه كالتكجػػه التكعيبػػي الػػتم تبنػػا  فػػي دار محمػػد حميػػداف  كفكػػرة لكنيػػة كايياعيػػة فػػي (10-)اػػكؿ الػػزراعييف(
كن يافػػػه  السػػػمكية كاللاسػػػمكية كييرهػػػا مػػػف التكجهػػػات كالتيػػػارات كالتػػػي تباينػػػت فتراتهػػػا كاهػػػدافهاكمعهػػػد انتصػػػانت 

الػػتعطش الاػػديد للااػػكاؿ كالتككينػػات الجديػػدة كالحػػرة )تات الطػػابع النحتػػي( كالتػػي تبػػرر مبالغتهػػا كافراطهػػا التعبيػػرم 
احػد اعػلاـ   Eero Saarinenيػرك سػارنيف اسػتنادا لمبػررات الحركػة كالتنػكع البصػرم كقػد كػاف المصػمـ المعمػارم ا

-)اػكؿ ( (TWAنيػدم يالمغميػة كفػي مطػار ك (11-)اػكؿ هتا التكجه كلعؿ ابرز اعمالػه كانػت فػي قاعػة الهػككي
مػػع هيكػػؿ المبنػػه كتفاصػػيمه فانػػدمجت العناصػػر انناػػاةية كالكظيفيػػة مػػع بعيػػها  ان نحتيػػ تعػػاملان  مػػايلاحػػظ فيهك  (12

 از بانستمرارية كالتجانس.البعض لتككف تحفة نحتية تمت

في هتا التكجه مجان لمتعبير عف تاته المتفردة بالريـ مف عدـ تكفر الابػرة انناػاةية  (4 -)مصدر فكجد المدفعي 
كبكاباتهػػػا  كاعمػػػدة حػػػداةؽ انكبػػػرا (13-)اػػػكؿ رع الامفػػػا اػػػا إدارم فػػػي كالكسػػػاةؿ الكافيػػػة كمثػػػاؿ عمػػػه تلػػػؾ مبنػػػه

 م لـ يسبيه اليه احد في العمارة العراقية التي لطالما التزمت باناكاؿ الكلاسيكية.انمر الت (14-)اكؿ المتكررة

نظػرة ماتمفػة عػف ككننػا كحياتنػا حيػث اكتاػؼ اف  Richard Buckminster Fullerكلريتاارد بككمينسػتر فػكلر  
اف تكػػكف عاممػػة قػػدر انسػػاس الهيكمػػي لنيػػؿ اليػػكل فػػي الحجيػػرة الحيػػة اساسػػها قػػكل الاػػد فيػػرل اف انبنيػػة يفتػػرض 

انمكاف بمبدا الاد مع تبنيه لمنظرة الككنية الجديدة فكاف لممدفعي قناعة اله حد كبيػر فػي تلػؾ المبػدا كطالمػا ريػب 
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بالعمػػػؿ عمػػػه اساسػػػه ان اف عػػػددا كبيػػػرا مػػػف المعكقػػػات جعمتػػػه يمتػػػزـ قػػػكل اننيػػػغاط كاسػػػاس لعمميػػػة تكزيػػػع كنيػػػؿ 
 . (24 -)مصدر باليعؼ في الجانب التكنكلكجي كالعكامؿ انقتصادية انحماؿ ككاف اهـ تمؾ المعكقات يتمثؿ

جػػا ت نظريػة الاػػكؿ السػرجي الككنيػة لتاػػغؿ عػددا كبيػػرا مػف الفنػانيف كالمعمػػارييف فتبناهػا بعيػػهـ فػي الثلاثينػات ك  
 Félixكحػػاكؿ ترجمتهػػا الػػه كاقػػع مممػػكس كجػػز  مػػف فكػػر التاػػبه بػػالككف انكبػػر ككػػاف المعمػػار فػػيمكس كانػػديلا 

Candela  احػػد ااػػهر مبػػدعي اناػػكاؿ السػػرجية كالمطػػكريف عمػػه تاػػكيلاتها فمػػه العديػػد مػػف الهياكػػؿ اليميمػػة السػػمؾ
نسػػبيا كالمعتمػػدة عمػػه تػػدااؿ اجهػػادات الاػػد كاننيػػغاط فػػي عمميػػة نيػػؿ انحمػػاؿ عبػػر مسػػاند نيطيػػة تمثػػؿ مفصػػؿ 

يعػػه لماصكصػػية العراقيػػة كمنااهػػا المتطػػرؼ فغالبػػا مػػا اعجػػب المػػدفعي كحػػتل بػػه نحػػك تطك  .(15-)اػػكؿ انرتبػػاط
فػػانتع مجمكعػػة كاسػػعة منهػػا كاف لػػـ تكػػف مكفيػػة الػػه حػػد كبيػػر فػػي انيفػػا  بالجانػػب البيةػػي كاحياننػػا الػػكظيفي . كمػػف 

 .(16-)اكؿ امط كتعميب الاام في بغدادامثمتها مبنه 

كنتػاةع لمتجػارب السػابية حػدث نػكع مػف  ديػنكبعد فترة مف انتاار هتا المبدا في انكساط المعمارية كما تبع تلؾ مف 
التحكن ت الفردية في الناحية التطبييية لممفهكـ فمنهـ مف التػزـ التبسػيط كانيحػا  الاػكمي كمػنهـ مػف بػالي فػي تعييػد 

 تمؾ اناكاؿ نظرا لتكافر انلية اننااةية كتطكرها بصكرة متسارعة .

اصػػة عمػػه المفهػػكـ كاعتمػػاد مبػػادئ انلتحػػاـ الاػػكمي كالتكامػػؿ بػػيف امػػا المجمكعػػة الثالثػػة فيػػد اجػػرت تعػػديلاتها الا 
اتجاهات تكزيع اليكل كاكؿ المناا ككاف المدفعي احد هؤن  المحدثيف عف طريؽ اداالهػا عمػه اناػكاؿ المعماريػة 

كالآاػكرية ( الػه العراقية التارياية كالتي يرل انها تحمؿ دننت ميتافيزييية مميزة كيعتيػد بتكصػؿ الحيػارة )البابميػة 
 نتاةع كعمكـ لـ نتكصؿ اليها لحد انف .

كلـ ييتصػر اداػاؿ تمػؾ اناػكاؿ كانفكػار عمػه انبنيػة التعبيريػة كالرمزيػة بػؿ تجاكزهػا الػه انػكاع ااػرل مػف انبنيػة  
لماتصػيف الكظيفية كانبنية اندارية كالصناعية. كقد كاجه الدكتكر المدفعي ماكاجهػه مػف تحػديات فػي التعػاكف مػع ا

في مجاؿ انناا  التيف تعاكف معهـ كتلؾ لككنه يمتمؾ ابرة كاسعة في هتا المجاؿ ككانت احياننا تفػكؽ قػدراتهـ اك 
مايلاتهـ اف صح التعبير فغالبا ما كاف يبادر بالحمكؿ اننااةية التكية كالسهمة التنفيت كما حػدث فػي تنفيػت تصػاميـ 

التي حدت مف قدرة المدفعي في التعامػؿ انناػاةي  كمف مجمؿ انمكر .(17 -)مصدر (17-)اكؿ رابانك حداةؽ 
هػػي ريبتػػه بانحصػػار العمميػػة التصػػميمية كالتنفيتيػػة بايػػادم عراقيػػة قػػدر انمكػػاف كهػػك بػػتلؾ يمتػػزـ بمبػػادئ انسػػتدامة 

كبير حسف فتحي كالتكصيات التي نادل بها العديد مف مؤسسي العمارة البيةية أك المكانية امثاؿ المعمار المصرم ال
محمد مكية فكاف المكاد المستادمة في تنفيت ابنيته مكاد محمية كقابمة في معيػمها نعػادة التػدكير  الدكتكر كانستات

كتلاةـ في الكقت تاته المتطمبات اننااةية كالبيةية كتعكس الييـ التراثية كالتارياية العراقية امػا بحػد تاتهػا اك بطرييػة 
فػػي ايمػػب ماػػاريعه عمػػه انيػػدم العاممػػة العراقيػػة كعمػػؿ عمػػه تػػدريبهـ كصػػيؿ قػػدراتهـ عػػف  تنيػػيمها . كمػػا اعتمػػد

كاحياننا التناقش معهـ كمساعدتهـ بصػكرة مبااػرة انمػر الػتم لػـ نعتػد  طرؽ تزكيدهـ بكافة التفاصيؿ اللازمة لمتنفيت
الػػتم كػػاف  (Antoni Gaudi) كدمايػػ أنطػػكني عمػػه رؤيتػػه لػػدل معظػػـ المصػػمميف كهػػك بػػتلؾ يػػتكرنا بانسػػباني

انمػر الػتم جعػؿ الكثيػريف مػف المييمػيف كالدارسػيف لمجػاؿ العمػارة  ،ادؽ تفاصػيمهاعمػه تنفيػت ابنيتػه كبػ يارؼ بنفسه
كانقتصػاد كانجتمػاع ينظػركف لػه بعػيف اناػادة كانمتنػاف لككنػػه سػاهـ كبدرجػة كبيػرة فػي احيػا  طػرز البنػا  اليديمػػة 

 مجمكعة مف الحرفييف البسطا  كمساعدتهـ في رفع مستكل ابرتهـ التنفبتية . كتطكير الحديثة منها عف طريؽ
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ؿ بنيػػة  يحمػػؿ هػػتا التكافػػؽ بػػيف المحافظػػة عمػػه العناصػػر انساسػػية كالتراثيػػة لممسػػجد كبػػيف انفكػػار آ جػػامعكجػػا  
 ات اننها .كالحركية التي تبناها المدفعي سكا  اكانت في الهيكؿ اننااةي اك في مكاد كطبي5انهتدامية 

كتاػهد السػػاحة المعماريػػة تنكعػا كبيػػرا فػػي المرجعيػػات الاػكمية كالفكريػػة كاتاحػػة الحيػػز انكبػر فػػي العمميػػة التصػػميمية 
لمجانب الفردم كتراجع فػي تطبيػؽ اليكاعػد الفنيػة التيميديػة فبػات انمػر ااػبه بسػباؽ ننتػاج ابنيػة اكثػر تميػزا ك جرةػة 

د اله افكار لمتجميع الكتمي كالتحريؾ اك النحت اننفعالي كالتػي سػبؽ كظهػرت فػي كتراها في كثير مف انحياف تستن
فتػػػػػػػرات سػػػػػػػابية فػػػػػػػي المجػػػػػػػانت الفنيػػػػػػػة كالعمميػػػػػػػة الماتمفػػػػػػػة كالرسػػػػػػػـ كالنحػػػػػػػت كعمػػػػػػػكـ الحيػػػػػػػاة فمػػػػػػػا فكػػػػػػػرة اعمػػػػػػػدة 

 Turningفي حداةؽ انكبرا لممدفعي في منتصؼ اليرف المايي كمبنه الجتع المفتكؿ   Parapoliodالبارابكليكد
Torso  ان تطبييػػػات ماتمفػػػة لممكيػػػكع تاتػػػه كلكػػػف التينيػػػة انناػػػاةية المتطػػػكرة ( 18-)اػػػكؿ 6لسػػػنتيايك كانترافػػػا

كمػػػا مكػػػف المػػػدفعي مػػػف قبػػػؿ فػػػي تصػػػميـ مبنػػػه مكػػػف لكانترافػػػا مػػػف تنفيػػػت مبنػػػا .  كالتيبػػػؿ الثيػػػافي لممجتمػػػع الجديػػػد
 سكرتارية الطاقة الترية كالتم لـ يتـ تنفيت  .

نػػرل اف العديػػد مػػف اناػػكاؿ كانفكػػار التػػي تكصػػؿ لهػػا المػػدفعي فػػي فتػػرات ليسػػت باليريبػػة بػػدات تنتاػػر بصػػكرة كمػػا 
تمياةية في العديد مف دكؿ العالـ حته كاف لـ يكف هنالؾ اطلاع مسبؽ عميها لككنهػا تنبػع مػف نهػع كاحػد يجمػع بػيف 

دفعي كبػػالريـ مػػف صػػعكبة مػلػػتا فيمكننػػا اليػػكؿ اف الالعمػـ كطيػػؼ الفنػػكف التنكعػػة كييػع مسػػ لة التجديػػد فػػي اكلكياتػه 
طػػرح تمػػؾ انفكػػار فػػي العػػراؽ فانػػه تمكػػف كبطرييػػة بارعػػة مػػف اف يتفػػكؽ عمػػه معاصػػريه كيسػػبؽ عصػػر  بعيػػكد مػػف 

 الزمف.
 الفكر المنشأي لممدفعي: .5

احاااشل ان )كلػػه بي 7ياػػير المعمػػار الػػدكتكر قحطػػاف المػػدفعي فػػي اجابتػػه عمػػه سػػؤاؿ عػػف المنظكمػػه الهيكميػػة لمبانيػػه
 (14 -)مصػػػدربػػػرر بػػػتلؾ هياكمػػػه البناةيػػػة بيكلػػػه فهػػػك ي( اً انشااااسي – اً  شقيااا – اً اجتماعيااا اً اعطاااي لكااال بناياااة معياااار 

اعتمادا عما  مااا ىاش متاشفر ماان الامكانيااا شالالاا شالماشاد شالخبااراا العراقياة لا لك لجااأا الا  تشزياع الاحمااال )
فاي الماد الابنياة صاايرة اش متشساطة تعتماد عما  نظاام الفسا  شنقميا عن طريق قشى الانضااط شكانا البحاشر 

المتكررة المتشابية شاحياننا المتايرة لايجاد فضاواا اكبر ضمن الييكال  اتاو فكاناا التصااميم الانشااسية تخضاع 
 (.لمجداشل القياسية لمسافاا الاسناد المثالية

النظاام المتعاماد  المقدسة كماا  كار لاش كشربشزياو اي ىي الزاشية 909ن يرشن ان الزاشية يان الاشربي)كيتابع بيكلػه 
بينماا نارى نحاان االبابمشاشاشريينا ان الييكاال يجاد ان يكاشن ماااسلا كماا فااي الزقاشراا شالقالاع شليرىااا الكثيار ماان 

  .(الابنية الاخرى

                                                 
( كالتػي يػرل المػدفعي اف ترجمتهػا بكممػة تفكيػؾ امػر ييػر ميبػكؿ كنيمػت DECOSTRACTION)انهتداـ( كهك انسػـ المعػرب لمصػطمح ) 5

 لمفناف كالمعمار بصمة 
(، معػركؼ عالميػا بماػاريعه تك الطػابع 1951نحات إسباني مف فالنسيا )مكاليػد عػاـ ( معمارم ك Santiago Calatravaسنتيايك كانترافا ) 6

 المستيبمي.
 2011في اهر تاريف أكؿ  المعمار الدكتكر قحطاف المدفعي اله منزؿة الباحث زيار  7
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تيجة لككف المادة كااار المدفعي اله اف الحيارة التي نعياها حاليا معتمدة عمه فكر المهندسيف اننااةييف لتا ككن
كثيمها هي انساس لهتا فانه يتـ التاكيد عمه قكل الاد ك التيميؿ مف ارتكازات اننيغاط كمػا نصػت نظريػات فػكلر 

يػػػػمف الاميػػػػة الحيكيػػػػة فالمػػػػدفعي اراد كباػػػػدة اسػػػػتاداـ مبػػػػادل الاػػػػد لفػػػػكلر كلكػػػػف  انناػػػػاةية كالػػػػتم اكتاػػػػؼ تلػػػػؾ
 .انمكانيات لـ تكف متاحة

المتسػػػمة بالحركػػػة بػػػالريـ مػػػف عػػػدـ تػػػكافر  كالتسػػػييفات تات اناػػػكاؿلهياكػػػؿ إسػػػتادـ االمػػػدفعي  فكيمكننػػػا أف نػػػرل إ
التينيػػة الكافيػػة لػػتلؾ لػػتا كانػػت ابنيتػػه ككمػػا تكرنػػا سػػابيا تتنػػاقض بػػيف جػػدرانها الحاممػػة اك اعمػػدتها المنتظمػػة التكزيػػع 

اػػاةية المميػػػزة فػػي محاكلػػة نيجػػاد تميػػز اناػػػاةي اليسػػيرة التنفيػػت مػػف جهػػة كبػػػيف التسػػييفات المبتكػػرة تات التينيػػة انن
 كاكمي فكانت جمالية ابنيته تعتمد عمه جمالية انناا  بطريية تحيؽ النكاحي انقتصادية كالاكمية كالبيةية.

 كمف ابنيته تات الطراز اننااةي المميز انتاؾ:
 .المتشازية المتكررة ميةالبرمي  ش الاقبية  (19-)اكؿ ية الفنانيف التاكيمييف في بغدادمبنه جمع -أ 
 ش التساااااقيلا المعتماااااد عمااااا  اشاااااكال البارابشلشياااااد  (20-)اػػػػػكؿ متحػػػػػؼ التػػػػػاري  الطبيعػػػػػي فػػػػػي بغػػػػػداد -ب 

Parapoliod. 
التم يبيف النيع الكايػح لمفكػر انناػاةي لممػدفعي  )لـ ينفت(  (21-)اكؿ مبنه البريد المركزم في بغداد -ج 

 ز شالمكررة.الاقبية المتحدة المرككالمعتمد في تسييفه عمه 
حيػػػث انبػػػداع انناػػػاةي فػػػي هيكػػػؿ فػػػي كافػػػة عناصػػػر  كتفاصػػػيمه  (22-)اػػػكؿ جػػػامع اؿ بنيػػػة فػػػي بغػػػداد -د 

شاعماادة مندمجااة باساامشد بااارع مااع الجسااشر  اا الشااكل المميااز ساااحبة نقطااة  قبااة بيضااية الشااكلانناػػاةية مػػف 
 يا شطريقة ربطيا بييكل المبن .التقاو الاقشاس ال  الخارج فضلا عن المنارة التي شفق المدفعي في تشقيع

كبمػػي المػػدفعي فيهمػػا مراحػػؿ اعمػػؽ فػػي الفكػػر انناػػاةي  )لػػـ ينفػػت( (23-)اػػكؿ بػػرج ربيعػػة فػػي ابػػك ظبػػي -ق 
شبتشفياق ماع الشاكل  مبن  برجي بنظام الاحماال العمشدياة انجازكانت ابرته اونااةية قد بمغت مرحمة مكنته مف ك 

 المشاقع. الخارجي لمفتحاا المتنشعة
اتيػار نظػاـ ن تميػزت إستاداماتهاوناػاةيةفيػد ( )لـ ينفت (8-)اكؿ الطاقة الترية في بغداده سكرتارية مبن -ك 

حػػكؿ النػػكاة كتلػػؾ عػػف طريػػؽ  (16 -)مصػػدراناػػاةي يتناسػػب مػػع فكػػرة المبنػػه المسػػتكحاة مػػف حركػػة انلكتركنػػات 
لتاادريع عاان طريااق اعتماااد كتمااة كشنكريتيااة النظااام الناااتم لممسااتشياا الكشنكريتيااة المتاياارة الزاشيااة  باجػػك  الػػه مال

اسػػتغمها المػػدفعي كفيػػا ات دااميػػة تيػػـ فيػػا ات الحركػػة العمكديػػة كبعػػض الفيػػا ات العامػػة  فنػػتع عػػف  داسريااة
تلؾ مبنه ياية في الركعة كالتميز كللاسؼ لـ يتـ تنفيت  كبيػي اسػير الػكرؽ لحػد انف فػي الكقػت الػتم يجػرم حاليػا 

اج يػػمف هػػتا المفهػػكـ كلكػػف بنسػػب اكثػػر راػػاقة كباعتمػػاد التغميػػؼ المسػػتمر لممسػػتكيات كبمػػا تنفيػػت العديػػد مػػف انبػػر 
 يتناسب مع ركح العصر كتكافر التينيات التنفيتية الدقيية كالمحكسبة.

 الإستنتاجاا .6
  تبني الأفكار تميزت أعماؿ المدفعي بإستادامات منا ية متفردة كتميزت بالحركة العالية كتلؾ مف الاؿ

دااؿ التفسيرات التاتية كالاصكصية المحمية عميها.الحد  يثة كا 
 ي منها ككيع الحمكؿ الملاةمة لها الكاقع العمراني كاونااةي المحمي كتاايص الأسباب كالعمؿ التي يعان

تكفرت لمركادفرص لتيديـ أعمالهـ يمف ظركؼ أتاحت لمنابة المثيفة مف إيصاؿ الفكر لأصحاب اليرار 
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ندفاعه لتجارب جديدة في الستينات ت فيلان عف نيكجهـ في حيبة الامسينا كمنهـ المعمار المدفعي كا 
 كالسبعينات.

 .إستمرار عطا  المدفعي عيكدان كنيزاؿ حته ساعة إعداد هتا البحث 
 التشصياا .7

 مما تبيف في أعلا  فإف الباحث يكصي بما ي تي:
  البناةية عمه مستكل الحيارات الماتمفة بصكرة نبد لممصمـ المعمارم مف انحاطة بتاري  تطكر التينيات

عامة كعمه مستكل العمارة المحمية التارياية كالتراثية بصكرة ااصة كانفادة منها لككنها تحمؿ في ميمكنها 
 حمكن لبيةة كعادات المنطية بعد تجارب عديدة قد تعكد ننؼ السنيف.

 ادامها اك التعديؿ عميها لتتناسب مع المتطمبات البيةية يركرة انطلاع عمه اننظمة المنا ية المتطكرة كاست
 كالاكمية المحمية.

  كانمكانيات انقتصادية العالية يير كافية لتحييؽ التميز في المنتع المعمارم ات  ةاف المنظكمة المنا ية المتطكر
نبنية تميزت ببساطتها مف اف فكر المصمـ كاياله هما العامؿ انهـ في العممية انبداعية كهنالؾ امثمة عديدة 

 ناحية المكاد المستادمة كبايادم محمية كلكنها كانت ياية في الركعة كالجماؿ.
  العمؿ المستمر عمه ابتكار كتطكير ااكاؿ كانماط انااةية جديدة فانمر ليس بالصعكبة التي يبدك عميها متحررا

 بتلؾ مف التيميد لمتينيات اننااةية الغربية.
 اتراؽ المنظكمات اننااةية التيميدية مف قبؿ المصمميف المعمارييف كايجاد مايعبر عف تاتهـ بصكرة الدعكة اله ا

 صادقة بعيدا عف التيميد كالحمكؿ المتكررة.
  التاكيد عمه دكر التكنكلكجيا الحديثة كالبرامع الحاسكبية كما تيدمه مف تسهيلات بااتصار الزمف كتيييـ متانة

فيه دكف اجرا  التجارب المكقعية كما يفتح لممصمـ افاؽ جديدة مف الاؿ الميترحات الهيكؿ كمكاطف اليعؼ 
 التي ييدمها .

  ة في طرح انفكار اننااةية كاف كانت بعيدة عف التنفيت فيد تنتهي انمكر اله حؿ مبتكر اك تؤدم نبداع أالجر
 انااةي عمه اقؿ تيدير .

 ؿ التطبييي اننااةي مف الاؿ عرض المااريع عميهـ في استاارة اناتصاصييف كتكم الابرة في المجا
 مراحمها انكلية كتلؾ لغرض انفادة مف ابراتهـ .

  اعتماد مبدا النيد التاتي لمفرد مف الاؿ التطكير عمه الفكرة اننااةية مف الاؿ دمجها مع انظمة اارل اك
 .لنظاـ انكثر اقناعاكصكن اله ا التعديؿ عميها اك التافيؼ مف العناصر الغير يركرية

  انفادة مف التجارب السابية كعمه المستكل المحمي كالعالمي كاعتماد التيييـ النهاةي مابعد التنفيت كتلؾ لتلافي
 الكقكع في اناطا  تاتها اك لمتاكد مف سلامة الحس اننااةي لهتا النظاـ كالتطكير عميه في مااريع مماثمة .

 يكؿ اننااةي كمايرمز اليه فاف تلؾ يعطي لممبنه بعدا محسكس يير مرةي كيساهـ انهتماـ بالجانب الفكرم لمه
 في دعـ فكرة الماركع كمثاؿ تلؾ فكرة اناكاؿ السرجية المرتبطة بالفيزيا  الككنية .

 مف محاكلة التنكيع في الهياكؿ اننااةية باستمرار فاف تلؾ يزيد مف ابرة المعمار كاياله كيتيح له ميدار اكبر 
 .الحرية في العممية التصميمية
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 المعمار الدكتشر قحطان المدفعيا 1-اشكل

 
 -Hyperbolicا السط  السرجي ا2-اشكل

Paraboloidal surfaceا 

 
مبن  جمعية الفنانين التشكيميين في ا 3-اشكل

 دبادا

 
 مبن  متحلا التاريخ الطبيعي في بادادا 4-اشكل

 
-Le Corbusierا كنيسة الرشنتشام  5-اشكل

Notre Dame du Haut, Ronchamp, Fr., 
1950-55 

 
بناية مركز تدريد المشاصلاا السمكية ا 6-اشكل

 شاللاسمكية في منطقة العلاشي باداد

http://www.ahewar.org/
http://www.ahewar.org/
http://www.wikipedia.org/
http://www.wikipedia.org/
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 ا دار السيد امين الياسين في البصرة 7-اشكل

 
 الم ينف ا مبن  سكرتارية الطاقة ال ريةا 8-شكلا

 
 باداد جامع آل بنيةا 9-اشكل

 
 باداد احالياً  مبن  المعرض الزراعيا 10-اشكل

 نقابة الميندسين الزراعيينا

 
 Eero  قاعة اليشكي في جامعة ييلا 11-اشكل

Saarinen-D. S. Ingalls Hockey Rink, 
Yale University,New Haven, CT, 

1956 - 1958 

 
-Eero Saarinen ا مطار كينيدي 12-اشكل

TWA Building, Kennedy Airport, NYC 

 
 باداد مبن  إداري في شارع الخمفاوا 13-اشكل
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 -ا احد الاعمدة الخارجية لحداسق الاشبرا 14-اشكل

 باداد 

 
ا مسقلا من تصميم المعمار فيمكس 15-اشكل

ز حيث تندمع كانديلا يشض  الفكر الانشاسي الممي
  العناصر الانشاسية منسحبة نحش البعد الثالث

 
 باداد  -ا سقلا معمل تعبسة الشاي16-اشكل

 
-ا حداسق الاشبرا خلال عممية التنفي 17-اشكل

 باداد المعمار قحطان المدفعي

 
 Turning  فتشلا مبن  الج ع الم18-اشكل

Torso لممعمار سنتيالش كالاترافا 

 
عية الفنانيين التشكيميين في مبن  جما 19-اشكل

 باداد

 
 متحلا التاريخ الطبيعي في بادادا 20-اشكل
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ا لقطة منظشرية داخمية لجامع آل بنية 22-شكلا 

 باداد  -

 

 
باداد الم ينف ا-ا مبن  البريد المركزي21-اشكل

 
 ا برج ربيع في أبش ظبي الم ينف ا23-اشكل
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