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ABSTRACT          

In this research Artificial Neural Network (ANN) technique was applied to study the filtration 
process in water treatment. Eight models have been developed and tested using data from a 
pilot filtration plant, working under different process design criteria; influent turbidity, bed 
depth, grain size, filtration rate and running time (length of the filtration run), recording 
effluent turbidity and head losses. The ANN models were constructed for the prediction of 
different performance criteria in the filtration process:  effluent turbidity, head losses and 
running time. The results indicate that it is quite possible to use artificial neural networks in 
predicting effluent turbidity, head losses and running time in the filtration process, with a 
good degree of accuracy reaching 97.26, 95.92 and 86.43% respectively. These ANN models 
could be used as a support for workers in operating the filters in water treatment plants and to 
improve water treatment process.  With the use of ANN, water systems will get more 
efficient, so reducing operation cost and improving the quality of the water produced.  

KEY WORDS: Artificial Neural Network, modeling, water treatment, filtration, 
turbidity, head losses, running time. 

 الخلاصة

بنيѧت ثمانيѧة   . في هذا البحѧث جѧرى تطبيѧق تقنيѧة الѧشبكات العѧصبية الاصѧطناعية لدراسѧة عمليѧة الترشѧيح فѧي معالجѧة الميѧاه                       
عمѧق  ، الكѧدرة : نماذج و اختبرت باستعمال النتائج العملية من منظومة ريادية للترشيح  والتي تعمѧل تحѧت ظѧروف تѧصميمية     

هѧѧذه . رشѧѧيح و فتѧѧرة الترشѧѧيح و تѧѧسجيل الكѧѧدرة للمѧѧاء الراشѧѧح والفقѧѧدان فѧѧي الѧѧشحنة سѧѧرعة الت، حجѧѧم مѧѧادة الترشѧѧيح، المرشѧѧح
وأظهرت النتѧائج بѧان هѧذه النمѧاذج لهѧا القابليѧة       . الفقدان في الشحنة و فترة الترشيح،النماذج بنيت للتنبؤ بعكورة الماء الراشح  

هѧѧذه النمѧѧاذج . لفتѧѧرة الترشѧѧيح% 86.43 و لفقѧѧدان بالѧѧشحنة% 95.92، للكعѧѧورة % 97.26للتنبѧѧؤ بدرجѧѧة آبيѧѧرة تѧѧصل إلѧѧى  
استعمال تقنية الشبكات العѧصبية  . تساعد الفنيين في تشغيل المرشحات في محطات معالجة المياه و لتحسين عمليات المعالجة       

.تجعل هذه الأنظمة آفوءة وبذلك تنخفض آلفة التشغيل وتحسين نوعية الماء الناتج، الاصطناعية   
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INTRODUCTION           

Hard work has been done to predict the 
relationship between water quality 
parameters and the most efficient points in 
water treatment plants. The progress in 
such work was carried out using multi 
varied regressions. Nowadays artificial 
intelligence techniques such as Artificial 
Neural Networks (ANNs) and Genetic 
Algorithms can contribute for optimizing 
performance and operation in water 
treatment plants (Fernandez and Galvis, 
2002).  

Over the past two decades, there has been 
an increased interest in the new class of 
intelligent systems known as the Artificial 
Neural Networks (ANNs). These networks 
are found to be powerful tools for 
organizing and correlating information in 
ways, which have proved to be useful for 
solving problems too complex to 
understand, too poorly to analyze or too 
resource-intensive to tackle using more 
traditional computational methods (TRB, 
1999). ANNs have a wide range of 
scientific applications among them is in 
different engineering aspects.  

In river sanitation, Stewart used ANN for 
predicting dissolved oxygen 
concentrations in the Tualatin River, 
Oregon, USA. The ANN model was 
constructed using air temperature, solar 
radiation, rainfall and stream flow as input 
data. The model predicted the dissolved 
oxygen concentrations with acceptable 
accuracy and high correlation reaching 
0.83 and absolute error less than 0.9 mg/l 
(Stewart, 2002). Kanani and his team used 
multi layer perception (MLP) neural 
network and input delay neural network 
(IDNN) for predicting total dissolved solid 
(TDS) in the Achechay River in Iran. The 
two models showed acceptable precision 

in predicting TDS in the study area and the 
results can be utilized in optimized 
management and planning of water 
recourses (Kanani et al., 2008).  

Another application of ANN is the 
modeling of water distribution systems. In 
2003, a team of engineers made use of 
linear regression models and multi layer 
perceptron artificial neural networks, to 
predict chlorine concentrations in the 
Hope Valley water distribution system, 
located in Adelaide, south of Australia. 
The inputs required to feed the models 
were, WTP chlorine concentration, WTP 
water temperature, WTP flow, chlorine 
concentration at the inlet tank and water 
temperature and chlorine concentration at 
the sampling points in the distribution 
system. The multi layer perceptron ANN 
was found to consistently outperform 
traditional linear regression models (Gibbs 
et al., 2003). The ANN can be an online 
tool to aid in the determination of the 
required chlorine dosing rates in water 
distribution network. Another case study 
was conducted by Memon and his group in 
2008 for the prediction of the electrical 
conductivity (EC) in drinking water 
flowing in the network of Hyderabad, 
Pakistan. In this study a Radial Basis 
Function (RBF) network was applied. The 
model had the powerful looming of 
predicting EC in the flowing water, taking 
into account the parameters turbidity, pH, 
chloride and alkalinity at the sampling 
points as input data in the network 
(Memon et al. in 2008).  

In water treatment, ANN was used in 
some aspects also. Nicolas and Thierry 
applied ANN techniques for coagulation 
control in the drinking water treatment 
plant of Viry-Chatillon near Paris, France. 
They developed a software sensor 
including a self organizing map (SOM) for 
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sensor data validation and missing data 
reconstruction, and a multi layer 
perceptron (MLP) for modeling the 
coagulation process. The important 
objective of this study is to automatically 
validate the sensor measurements to 
provide reliable inputs to the automatic 
coagulation control system (Nicolas and 
Thierry, 2001).In 2002, Fernandez and 
Galvis showed that ANNs are capable of 
identifying usable relationships between 
optimal doses of coagulants and inflow 
water quality in Puerto Mallarino water 
treatment plant in Cali. According to the 
results the online ANN model 
implementation, in real time, coupled with 
the alum ejector of the plant, could save 
around 10% in alum dosage applied in the 
coagulation process (Fernandez and 
Galvis, 2002). 

In this study the ANN technique is used in 
modeling the filtration process in rapid 
sand filters in drinking water treatment 
plants. Filtration is considered a polishing 
process which removes the remaining 
colloidal particles from water. The main 
objective of this process is to reduce the 
turbidity of water to drinking water 
specifications providing long filtration 
runs with low head losses. These ANN 
models may help to control the filtration 
process and improve the performance of 
the system.  

ARTIFICIAL NEURAL 
NETWORKS   (ANNs) 

ANN models are specified by network 
topology, node characteristics and training 
or learning rules. It is an interconnection 
set of weights that contains the knowledge 
generated by the model (Hafizan et al., 
2004). Different types of ANNs exist; the 
most common type is the feed forward 
network termed the multilayer perceptron. 
In this network, the artificial neurons or 

processing units are arranged in a layered 
configuration as shown in Figure 1:  

Input layer - connecting the input 
information to the network. 

Hidden layer (one or more) – acting as the 
intermediate computational layer. 

Output layer – producing the desired 
output. 

Units in the input layer introduce 
normalized of filtered values of each input 
into the network. Units in the hidden and 
output layers are connected to all of the 
units in the preceding layer. Each 
connection carries a weighting factor. The 
weighted sum of all inputs to a processing 
unit is calculated and compared to a 
threshold value. An activation signal then 
is passed through a mathematical transfer 
function to create an output signal that is 
sent to processing units in the next layer. 
Training an ANN is a mathematical 
exercise that optimizes all of the network 
weights and threshold values, using some 
fraction of the available data. ANN learns 
as long as the input data set contains a 
wide range of patterns that the network 
can predict. The final model is likely to 
find those patterns and successfully use 
them in its prediction (Stewart, 2002). 

CASE STUDY  

 Preliminary design of rapid filters in 
water treatment consists, of several tasks 
including (Crittenden et al., 2005): 

- Performance criteria such as, effluent 
water quality mainly turbidity, filter run 
length and recovery (ratio of net to total 
water filtered). 

-Selecting process design criteria such as, 
required level of pretreatment (influent 
turbidity), filter media type, size & depth, 
filtration rate and available head. 
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Filter efficiency is a function of these 
design criteria and the best way to 
determine the factors that influences this 
process is by a pilot plant study (Qasim et 
al., 2000). The data required as inputs to 
the ANN models were collected from 
filtration pilot plants. In such plants the 
filtration units are columns of different 
materials, glass or plastic that contain the 
filter media. In this study, Iraqi sand used 
in water treatment plants, was tested under 
different working conditions. Table 1 
describes the case study which was 
selected as the input data for the ANN 
models. 

A total number of 15 filtration 
runs were performed testing the filtration 
process, recording effluent turbidity and 
head losses under different process design 
criteria; influent turbidity, bed depth, grain 
size, filtration rate and running time 
(length of the filtration run). The operation 
of a filter must focuses on head loss, filter 
run length and effluent turbidity. Improper 
operation of filtration units can result in 
poor quality of the filtered water and may 
damage the filter bed. 

ARTIFICIAL NEURAL 
NETWORKS (ANN) MODELS  

Several neural network software are 
available; Neuframe 4 has been used in 
this study. Three ANN models were 
constructed for the prediction of different 
performance criteria in the filtration 
process: prediction of effluent turbidity, 
prediction of the head loss and prediction 
of the length of the filter run.  

-Effluent water quality (turbidity) 

The most common measurement of 
particulate matter in water is turbidity. 
Filtered turbidity can vary due to changes 
in raw water quality and utilities need 
some latitude to respond to these changes. 

Most utilities set their turbidity goal below 
0.3 NTU with a typical goal being 0.1 
NTU (Crittenden et al., 2005). 

- Head loss 

Throughout a filter run, solid particles are 
deposited in the pores of the filter bed and 
cause a decrease in the porosity and an 
increase in the head loss through the filter 
bed. The head loss at the end of the filter 
run is to be calculated when designing the 
filter. This could be done using some 
empirical equations depending on the 
porosity at the end of the filter run. The 
maximum head loss in rapid filters may 
reach 2 to 3 m. Accurate estimates of head 
loss values can be determined from pilot 
plant studies (Qasim et al.,2000). 

-Filters run length (running time) 

The length of the filter runs dictates how 
often backwashes must be performed and 
has an impact on recovery. The frequency 
of washing has a direct impact on the 
quantity of labor involved in filter 
operation. Typically the minimum filter 
run is one day, with some designs it is also 
common to reach four days (Crittenden et 
al., 2005). 

The first step for the determination of 
ANN model is the selection of the data to 
be the input variables, they were provided 
from the pilot plant as mentioned in Table 
1. The data for each model is shown in 
Table 2. 

The data have to be divided to three sets, 
training, testing and validation. This step 
is achieved by trial and error to select the 
best division with respect to the lowest 
testing error followed by training error and 
high correlation coefficient of the 
validation set. The general strategy 
adopted for finding the optimal network 
architecture and internal parameters that 
control the training process is by trial and 
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error using the default parameters of the 
software. In this step first the nodes of the 
hidden layer are increased until no 
significant improvement is gained in the 
model performance. Then the model is 
tested by changing the default parameters 
of the software, the momentum term 
which is 0.8 and the learning rate 0.2. 
Finally the transfer functions of the input 
and hidden layers are tested where the 
default functions of the software are, linear 
in the input layer and sigmoid in the 
hidden layer. The default alternatives of 
the software are to test the following 
functions: linear, sigmoid and hyperbolic 
tangent (tanh). The effect of the different 
combinations of these parameters is 
summarized in Table 3 which shows the 
best model performance recording the 
lowest testing error and the highest 
correlation coefficient. In each step the 
testing errors were recorded and the 
reduction percentages were calculated to 
see how the improvement is gained in the 
model performance, this is shown in Table 
4. 

RESULTS AND DISCUSSION       

Prediction of Effluent turbidity 

Three models were determined for the 
prediction of the effluent turbidity of the 
filtered water which is illustrated in Table 
3. All models had one hidden layer but 
with different number of nodes. In model 
tur and tur3 one node was used and two 
nodes in tur2 were required. The 
momentum rate was high, reaching 0.98 
and 0.92 in models tur and tur2 
respectively; these values are higher than 
the default value of the software 0.8 
(momentum rate represents the weight 
change which is in a direction that is a 
combination of the current gradient 
descent. This approach is beneficial when 
some training data are very different from 

the majority of the data. The momentum 
rate is added to obtain a faster 
convergence. Sivanandam and Paulraj, 
2004). The learning rate values were 
around the default 0.2 only in model tur2 it 
reached 0.7 (weight changes are 
proportional to the negative gradient of the 
error. This guideline determines the 
relative changes that must occur in 
different weights when a training 
samples(s) is presented. These magnitudes 
changes are dependent on the learning 
rate. Sivanandam and Paulraj, 2004).The 
method for adopting the learning rate was 
increasing it in order to improve the 
performance of the model by decreasing 
the testing error and increasing the 
correlation coefficient. Finally the transfer 
functions were tested, for the three 
models, the function of the input layer was 
tanh and in the hidden layer it remained 
sigmoid as it is a default function in the 
software. The reduction percentages in the 
testing error, as shown in Table 4, were 
small when increasing the number of 
nodes in the hidden layer.  When testing 
the effect of increasing the momentum 
rate, only in model tur it reduced the 
testing error by 4.58%. A reduction of 
4.73% was recorded in model tur2 for a 
tanh function of the input layer. Finally the 
correlation coefficient in models tur and 
tur2 reached 97.26 and 92.84 % 
respectively.                

  Prediction of Head loss 

For the prediction of the head loss at the 
end of the filtration run, three models were 
also constructed. Table 3 illustrates the 
architecture of each model. The number of 
nodes in the hidden layer reached five in 
model hl and two in models hl2 and hl3. 
The momentum rate ranged 0.68 to 0.92, 
where the learning rate kept near to the 
default value of 0.2.  The reduction in the 
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testing rate was, 2.18% in model hl at 
momentum rate 0.92 and 6.65% for being 
the two transfer functions tanh in the input 
and hidden layers in model hl2. The 
models hl and hl2 gave the highest 
correlation coefficients recording 95.92 
and 93.06 %respectively. 

Prediction of Running time 
(filtration length) 

As for predicting the filtration length, two 
models were only constructed. As shown 
in Table 3, one or two nodes are required 
in the hidden layer where it reduced the 
testing error 10. 38 % in model hl-rt.  The 
momentum rate was high in the two 
models, reaching 0.9 and 0.96.  The 
learning rate kept near to the default value 
of 0.2. The transfer functions in the input 
and hidden layer were tanh where it 
reduced the testing error by 8.25 %. The 
model hl-rt predicted the running time 
with a correlation coefficient 86.43%. 

A total data of 127 were exploited to build 
the different models of this study. In these 
models, 68-70% of the input data were 
used for training, 19-21% for testing and 
the remaining 10-13% for validation. The 
models developed were tested to show the 
best models to predict the effluent 
turbidity, head losses and running time. 
The model tur showed the best agreement 
between the predicted and measured 
effluent turbidity which is shown in figure 
2. This figure illustrates the hourly 
variation of the predicted and measured 
turbidity for one of the experimental runs 
in the pilot filtration plant. These final 
predictions appear to be accurate enough 
to be useful.  The models for predicting 
the head losses also gave good agreement 
between the predicted and measured head 
losses from the experimental work as 
shown in figure 3, the best model was hl2. 
Figure 4 shows the best model for 

predicting the running time (rt) or the 
length of the filtration run, which was hl-
rt. 

The results indicate that it is quite possible 
to predict effluent turbidity, head losses 
and running time in the filtration process 
using intelligent data driven methods such 
as artificial neural networks. 

CONCLUSIONS     

The results of this study indicate that it is 
quite possible to predict effluent turbidity, 
head losses and running time in the 
filtration process using intelligent data 
driven methods such as artificial neural 
networks, and the following conclusions 
are brought out: 

-The data used to build the ANN models 
were distributed, 68-70% used for training, 
19-21% for testing and the remaining 10-
13% for validation. 

-Models predicting effluent turbidity, had 
1-2 nodes in the hidden layer, high 
momentum rate reaching 0.98, learning 
rate within 0.2 and the testing error was 
low 4.65% with a correlation coefficient of 
97%. 

- Models predicting the head losses, had 2-
5 nodes in the hidden layer, high 
momentum rate reaching 0.92, learning 
rate within 0.2 and the testing error was 
low 4.46% with a correlation coefficient of 
95%. 

-The model for predicting the running time 
or the length of the filtration run had 2 
nodes in the hidden layer, 0.96 momentum 
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rate, 0.22 learning rate where the testing 
error was 5.93% which gave a correlation 
coefficient of 86%. 

-All models gave good agreement between 
the predicted and measured data from the 
experimental work.  
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Fig. 1 Mul  layer neural network 

 

 

 

Table 1 Description of the case study 

Filtration 
rate 
(m/hr) 

Bed 
depth 
(cm) 

Grain 
size 
(mm) 

Influent No. of 
runs 

Running 
time (hr) 

5, 7.5, 10, 
15 

70 0.72 The same water to the filters of Alwathba 
WTP with variable turbidity ranging 3.7 
to 27 NTU 

15 1 to 30 

 

Table 2 Data used in ANN models 

Model Input data 
 Prediction of Effluent turbidity (tur) 
tur Running time, filtration rate, bed depth, grain size and influent turbidity  
tur-2 Influent turbidity, filtration rate, bed depth, grain size and head loss 
tur-3 Running time, filtration rate, bed depth, grain size ,influent turbidity and 

head loss 
 Prediction of Head loss (hl) 
hl Running time, filtration rate, bed depth, grain size , influent and effluent 

turbidity  
hl-2 Running time, filtration rate, bed depth, grain size and influent turbidity  
hl-3 Influent turbidity, filtration rate, bed depth, grain size and effluent turbidity 
 Prediction of Running time (rt) 
tur-rt Influent turbidity, filtration rate, bed depth, grain size and effluent turbidity 
hl-rt Influent turbidity, filtration rate, bed depth, grain size and head loss 
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Table 3 Models Architecture, Optimization and Stopping Criteria 

Model Input 
layer 

Hidden 
layer 

Momentum 
rate 

Learnin
g rate 

Testing 
error 
(%) 

Training 
error 
(%) 

Correlation 
coefficient 
(R%) 

Prediction of Effluent turbidity (tur) 
 tur 5 tanh 1 sigmoid 0.98 0.18 4.6509 5.6430 97.26 
tur2 5 tanh 2 sigmoid 0.92 0.7 4.6132 5.7169 92.84 
tur3 6 tanh 1 sigmoid 0.76 0.24 5.2271 5.3156 79.56 
Prediction of Head loss (hl) 
hl 6 linear 5 linear 0.92 0.2 4.4668 5.5207 95.92 
hl2 5 tanh 2 tanh 0.8 0.18 4.6637 5.4402 93.06 
hl3 5 tanh 2 sigmoid 0.68 0.2 7.7716 9.1015 68.78 
Prediction of Running time (rt) 
tur-rt  5 linear 1 tanh 0.9 0.22 11.9993 12.4373 69.86 
hl-rt  5 tanh 2 tanh 0.96 0.22 5.9355 6.3205 86.43 
Note: default values of the software, momentum rate= 0.8 & learning rate= 0.2 

                                               Table 4 Reduction in the testing error (%) 

Model Nodes in the 
hidden layer 

Momentum rate Learning rate Transfer 
function 

tur  4.58  (0.98) 0.21 0.05 
tur2 0.08 0.84 3.99  (0.7) 4.73 (1st tanh) 
tur3 0.67 0.01 0.02 0.14 

hl 0.73 2.18  (0.92)  0.72 (2nd linear) 
hl2 0.89  0.17 6.65 (1st& 2nd 

tanh) 
hl3 0.15 0.09  4.81 (1st tanh) 

tur-rt  0.37 0.03 0.04 (2nd tanh) 
hl-rt 10.38 (2 nodes) 2.04  (0.96) 0.06 8.25(1st& 2nd 

tanh) 
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Fig.2 Hourly variation of the predicted and measured turbidity 

 

 

Fig.3 Hourly variation of the predicted and measured head losses 
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Fig.4 Variation of the predicted and measured running time 
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 ANALYSIS OF GEOTEXTILE EMBANKMENT BY ANSYS 
 

By 
 

Dr. Zainab Ahmed Alkaissi 
Lecturer (Civil Eng. Dep. University 

of Al-Mustansiriya) 
 
ABSTRACT: 
         The major objectives of this research are to analyze the behavior of road embankments 
reinforced with geotextiles constructed on soft soil and describe the finite element analysis by using 
ANSYS program ver. (5.4). The ANSYS finite element program helps in analyzing the stability of 
geo- structure (embankment) in varied application of geotextiles reinforcement to enhance the best 
design for embankment. 
The results of analysis indicate that one of the primary function of geotextiles reinforcement was to 
reduce the horizontal displacement significantly. With the inclusions of reinforcement, the horizontal 
displacement reduced by about (81%), while the vertical displacement reduced by (32%). The effect 
of geotextiles stiffness modulus on horizontal and displacement is quite significant even a very high 
modulus of geotextile will have relatively little effect on vertical displacement. Also it is observed 
from the obtained results that the maximum displacement occurred at the toe of embankment for both 
horizontal and vertical movement, then decrease gradually to a negligible value for the layer 
reinforced case. Also the reinforcement reduces the shear stress developed in the foundation soil. 
 

  :الخلاصة
          ان الهدف الرئيسي من هذا البحث هو لتحليل تصرف تعليات الطريق المسلحة بالياف والتي تنشاء فوق التربة الضعيفة 

  يساعد في تحليل ثبوتيةANSYSبرنامج العناصر المحددة .  العناصر المحددةver (5.4) ANSYSووصف تحليل برنامج 
ان .  لاختيار التصميم الافضل للتعليات(geotextiles) مع تطبيقات مختلفة من الياف التسليح) ات التعلي(المنشاءات الجيوتكنيكية 

الازاحة الافقية تقل ، مع وجود التسليح .  الياف التسليح هو لتقليل الازاحة الافقية بصورة ملحوظةاحد اهدافنتائج التحليل تبين ان 
ان تاثير معامل صلادة الياف التسليح على الازاحة الافقية يكون %). 31( بحوالي بينما تقل الازاحة الشاقولية، %) 81( بحوالي

وآذلك تم ملاحظة من . قليل على الازاحة الشاقولية اما تاثير القيم العالية لمعامل صلادة الياف التسليح يكون ملحوظا بصورة واضحة
ثم تقل تدريجيا حتى تصل ،  بالنسبة لكل من الحرآة الافقية والشاقوليةالنتائج المستحصلة ان اعلى قيمة للازاحة تحدث في حافة التعلية

  . المتولدة بتربة الاساسسليح يقلل اجهادات القصآذلك ان الت. الى قيمة مهملة بالنسبة لحالة تسليح الطبقات
 
 
 
KEY WORDS:Embankment; reinforced; geotextiles; finite element; numerical analysis; soft soil; 
displacements. 
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INTRODUCTION 
          
The most common analysis method used for 
designing geotextile reinforced embankment 
fall into two broad categories, namely, 
conventional limit equilibrium and finite 
element methods. Limit equilibrium 
approaches are the most numerous (e.g., 
Haliburton 1981; Fowler 1982; Jewell 1982) 
and attractive because of their simplicity.  
However there are inherent difficulties in the 
limit equilibrium methods to take into 
consideration the soil- geptextile interaction. 
The main advantage of finite element analysis 
over conventional method is that complete 
interaction of the embankment foundation 
system can be simulated.  
Several investigators (e.g., Andraws et.al 
1980, Bell et al. 1977, Rowe, 1984) have used 
finite element technigues for the analysis of 
geotextile - soil systems. They are not all 
suitable for the analysis of reinforced 
embankments on soft or compressible or 
plastic failure with the soil.  Kamal, etal. 
(2005) conducted a parametric study of 
reinforced and unreinforced embankment 
using finite element (Sage Crisp) program. 
Construction sequence and consolidation 
during construction were modeled using Cam 
Clay model, it was found that the mode of 
embankment failure occurred in the form of 
circular shape with base heave occurring near 
the toe of the embankment. Cudny and Neher 
(2003) studied the behavior of a test reinforced 
road embankment constructed on soft soil 
deposits at Haarajaki. The numerical 
calculations are completed with finite element 
method program capable to perform coupled 
static/ consolidation analysis of soils. 
 
- Geotextiles Reinforcement  
       The development of geotextiles utilities in 
subsurface construction works has been 
generally increased in the solution of 
engineering problems. Geotextiles used with 
foundation soil, rock, or any other 
geotechnical structure or system (ASTM 
D4439). The polymers used in manufacture of 
geotextiles fiber are made from polymer 

materials. Its properties could be  shown in 
Table (1).  
 
      Geotextiles improve the total system by 
increasing its strength which, created by 
introducing the geotextiles into a soil or other 
disjointed and separated material. Soils have 
no or little tensile strength (due to appearance 
cohesion). Because of that, a geotextiles 
placed horizontally in the direction of 
principle stress in the soil mass will improve 
the tensile property of soil (Koerner, 1990). 
Thus the geotextile acts as reinforcement so 
any normal applied load on the reinforced soil 
mass will mobilize tensile forces in the 
geotextile through friction, and therefore 
limiting the lateral deformation of the soil 
mass. 
         In design, the geotextile reinforcement to 
enhance soil stability, various factors involve, 
stiffness of reinforcement in relation to the 
surrounding soil, orientation of the 
reinforcement on the purpose embankment, 
form of reinforcement, creep performance of 
the reinforcement during the life time of the 
embankment and corrosion resistance during 
life time. Figure (1) shows the common 
scheme use in designing the reinforcement 
layers.     
 
- Finite Element Analysis 

There are many practical problems 
either extremely difficult or impossible to 
solve exactly by the conventional analytical 
methods. This may be due to the complexity 
of the composite nature of the materials, 
difficulties associated with the representation 
of the load and boundary conditions or some 
constitutive stress-strain relations.  
         The finite element method is a numerical 
technique in which the continuous system with 
an infinite number of degrees of freedom is 
represented by an assemblage of discrete 
members, which has a finite number of 
degrees of freedom. The assemblage is 
composed of connected elements of finite size. 
Adjacent finite elements are joined with each 
other by a number of nodes specified along 
their boundaries. The development in the finite  
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element method depends on the proper 
element properties and on the availability of 
an efficient means of solving the resulting 
system of linear or nonlinear simultaneous 
equations. For reinforced embankment, the 
nonlinear finite element analysis yields a wide 
range of useful information about 
displacements, strains, distribution of normal 
and shear stresses in embankment foundation 
system. 
        ANSYS (ANalysis SYStem) is a 
comprehensive general-purpose finite element 
computer program that contains over 100,000 
lines of code and more than (180) different 
elements, has been used in this study to 
simulate road embankment foundation system 
with geotextiles reinforcement. One of the 
main advantages of ANSYS is the integration 
of the three phases of finite element analysis: 
pre-processing, solution and post-processing. 
Pre-processing routines in ANSYS define the 
model, boundary conditions, and loadings. 
Displays may be created interactively on a 
graphics terminal as the data are input to assist 
the model verification. Post-processing 
routines may be used to retrieve analysis 
results in a variety of ways. Plots of the 
structure’s deformed shape and stress or strain 
contours can be obtained in the post- 
processing stage. 
  
- Modeling of Reinforced Embankment  
         In the present study, the ANSYS 
program of version (5.4) was employed for 
analyzing embankment foundation system as 
well as the finite element modeling for 
geotextile reinforcement. A plane 42, 2-D 
structural solid has been adopted in this 
research. The element can be used as a plane 
element (plane strain or plane stress) or as an 
axisymmetric element. The element is defined 
by four nodes having two degrees of freedom 
at each node, translations and the nodal x and 
y directions. The element has plasticity, and 
large strain capability. 
The embankment foundation soil modeled as 
elasto-plastic material (plane strain condition) 
based on Darger –Parger model with isotropic 
material therefore a stiffness elastic modulus 

(E) and Poisson’s ratio (v), cohesion (C), 
angle of internal friction and angle of diltency 
are used to represent their behavior. The load 
case studied is a rectangular domain 
representation with uniform distribution (static 
loading case) within the rectangular to 
simulate the traffic loading (20kN/m2) as 
shown in Figure (3). 
      
         The cross section of road embankment 
used in this study of 18 m crest width and 1:2 
side slops are shown in Figure (2). The depth 
of the soft foundation soil is 20m finite 
element discretization of the problem is shown 
in Figure (3). Due to symmetry along the 
center line only half of the geometry was 
simulate. 
         In the present study, the geotextiles 
reinforcement was represented by the smeared 
model as shown in Figure (4) which assumes 
that the reinforcement is uniformly spread in a 
layer throughout the embankment soil element 
in a defined region of the finite element mesh. 
This model used for large scale model.  
The finite element program ANSYS version 
(5.4) is used to analyze the embankment and 
geotextiles theoretically using a plane 42, 2-D 
structural solid that has been adopted in this 
research. The element can be used as a plane 
element (plane strain or plane stress) element. 
The element is defined by four nodes having 
two degrees of freedom at each node, 
translations and the nodal x and y directions. 
The element has plasticity, and large strain 
capability. 
 
- Analysis Results and Discussions 
         The geotextiles reinforcement was 
placed as layer of 0.5 m thickness working 
mat spread through the embankment and 
above the embankment foundation interface as 
shown in Figure (3).  
         The embankment foundation soil 
modeled as elasto-plastic material (plane strain 
condition) based on Darger –Parger model 
with isotropic material therefore a stiffness 
elastic modulus (E) and Poisson’s ratio (v), 
cohesion (C), angle on internal friction and 
Diletency angle are used to represent their 
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behavior. These parameters are used to 
characterize the elasto –plastic model for soft 
soil foundation and fill materials are listed in 
Table (1).  
 

Figures (5) and (6) show the 
horizontal and vertical movement against 
vertical direction at the toe of embankment. 
And from these results, it would appear that 
the primary function of the geotextiles 
reinforcement was to reduce the horizontal 
displacement significantly. With the inclusions 
of reinforcement, the horizontal displacement 
reduced by about (81%), while the vertical 
displacement reduced by (32%). This shows 
that the reinforcement may be considered as 
important role in reducing horizontal and 
lateral movements. 
        The modulus and strength of geotextiles 
also appears to be of an important effect. 
Therefore its effect was studied and were 
shown in Figures (7) and (8) for horizontal and 
vertical displacement respectively. It’s clear 
from these figures that the effect of geotextiles 
stiffness modulus on horizontal and 
displacement is quite significant. Even a very 
high modulus of geotextile will have relatively 
little effect on vertical displacement. 
        Figures (9) and (10) show the distribution 
of horizontal and vertical displacement with 
horizontal distance along the embankment 
surface from the toe of embankment. The 
maximum displacement occurred at the toe of 
embankment for both horizontal and vertical 
movement, then decrease gradually to a 
negligible value for the layer reinforced case. 
The contour lines for horizontal and vertical 
movements are also shown in Figures (11) to 
(14) for both cases studied. 
Figures (15) and (16) show the shear stress 
developed in the embankment foundation 
system for both cases. It can be observed that 
the reinforcement reduce the shear stress 
developed in the foundation soil by 50%. 
Figure (16) shows the deformation mesh of 
embankment foundation using the geotextiles 
reinforcements. 
 
- CONCLUSIONS 

    The behavior of reinforced embankment 
with geotextiles have been investigated 

using the ANSYS     ver. (5.4) finite 
element program and the following 
conclusions can be drawn: 
• With the inclusions of reinforcement, 

the horizontal displacement reduced 
by about (81%), while the vertical 
displacement reduced by (32%). This 
shows that the reinforcement may be 
considered as important role in 
reducing horizontal and lateral 
movements. 

• The effect of geotextiles stiffness 
modulus on horizontal and 
displacement is quite significant. 
Higher values of geotextile modulus 
will have relatively little effect on 
vertical displacement. 

• The maximum displacement occurred 
at the toe of embankment for both 
horizontal and vertical movement, 
then decrease gradually to a negligible 
value for the layer reinforced case.  

• The reinforcement reduces the shear 
stress developed in the foundation soil 
by 50%. 

 
 
REFERENCES: 

• "ANSYS  Manual", Version (5.4), 

USA, 1996. 

• “ASTM” Annual Book of ASTM 
Standard, Section 4, Volume 04.03, 
1987. 

 
• Andrawes, K.Z., McGowna, A., 

Mashhoumr, M. M., and Wilson-
Fahmy, R. F. (1980): “Tension 
Resistant Inclusions in Soils”. ASCE 
Journal of the Geotechnical 
Engineering Division, 106(GT12), pp. 
1313-1326. 

 
• Bell, J. R., Greenwayd, D. R., and 

Vischerw, W.  (1977): “Construction 
and Analysis of a Fabric Reinforced 
Low Embankment on Muskeg”. 
Proceedings, 1st International 
Conference on the Use of Fabrics and 
Geotechnics, Paris, France, pp. 71-76. 



Journal of Engineering Volume 17 February 2011     Number1   
 
 

 16 

 
• Fowler, J. (1982): “Theoretical 

Design Considerations for Fabric 
Reinforced Embankments”. 
Proceedings, 2nd International 
Conference on Geotextiles, Las 
Vegas, Vol.2,  pp: 665- 670. 

 
• Haliburtan, T. A. (1981): “Use of 

Engineering Fabric in Road and 
Embankment Construction”. 
Seminar on the Use of Synthetic 
Fabrics in Civil Engineering, Toronto, 
pp. 66-94. 

• Jewell, R. A. (1982): “A Limit 
Equilibrium Design Method for 
Reinforced Embankments on Soft 
Foundations”. Proceedings, 2nd 
International Conference on 
Geotextiles, Las Vegas,Vol. 2, pp. 
671-676. 

 
• Kamal, A. A., Pauleen, A. L., and 

Heshmati , A. R. (2005): “Parametric 

Study of Reinforced and 
Unreinforced Embankment on Soft 
Soil”. 13th ACME Conference: 
University of Sheffield March 21-22 
2005. 

 
• Neher, H., and Cudny, M.  (2003): 

“Numerical Analysis of Test 
Embankment on Soft Ground using 
An anistropic Model with 
Destructuration” . Institute of 
Geotechnical Engineering, University 
of Stuttgart, Germany. 

 
• Rowe, R. K., Macleanm, M. D., and 

Barsvaray, A. K. (1984): “The 
Observed Behaviour of a Geotextile-
Reinforced Embankment 
Constructed on Peat”. Canadian 
Geotechnical Journal, 21, pp. 289-304. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Z. A. Alkaissi                                                                       Analysis of Geotextile Embankment by Ansys 
  

 17 

 
 
 
Table (1): Polymer used in Manufacture of Geotextile. 

Polymer Composition of Geotextile 
Polypropylene 

(65%) 
Polyester 

(32%) 
Poly Amide 

(2%) 
Polyethylene 

(1%) 
 
 
 
 
Table (2): Input Parameter for F.E. Program Analysis (Neher and Cudny, 2003). 
 

Material Embankment Soil 
(fill materials) 

Foundation Soil 
 

E (MPa) 50 20 

Poisons Ratio (v) .15 .2 

Friction Angle (o ) 35 25 

Cohesion (kPa) 3.0 5.7 

Unit weight 
(kN/m3 ) 

21 15 

Diltency Angle (o ) 0 0 
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Figure (1): Common Scheme use in designing the Reinforcement Layers. 
 
 

Soil Foundation 

a) Even space - even length. 

Soil Foundation 

b) Uneven space- even length. 

Soil Foundation 

c) Even space – Uneven 
length with short facing 

Soil Foundation 

d) Uneven space –Uneven length 
with short facing layers. 
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Figure (2): The Cross Section of Embankment Foundation System with Geotextiles 
Reinforcement. 

 
 

Figure (3): Finite Element Mesh of Embankment Foundation System. 
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Figure (4): Model for Geotextiles Reinforcement in Embankment Foundation System. 
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 Figure (5): Variation of Horizontal Displacement with Vertical Depth below 
Embankment Surface. 
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Figure (6): Variation of Vertical Displacement with Vertical Depth below Embankment 

Surface. 
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Figure (7): Effect of Elastic Modulus of Geotextile on Horizontal Displacement. 
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Figure (8): Effect of Elastic Modulus of Geotextile on Vertical Displacement. 
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Figure (9): Variation of Horizontal Displacements with Horizontal Direction along 
Ground Surface.  
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Figure (10): Variation of Vertical Displacements with Horizontal Direction along 
Ground Surface. 

 

 
Figure (11): Horizontal Displacements Distribution in Embankments Foundation 

without Geotextiles Reinforcements. 
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Figure (12): Horizontal Displacement Distribution in Embankments Foundation with 
Geotextiles Reinforcements. 

 
 

 
Figure (13): Vertical Displacements Distribution in Embankments Foundation without 

Geotextiles Reinforcement. 
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Figure (14): Vertical Displacements Distribution in Embankments Foundation with 

Geotextiles Reinforcement. 
 
 
 

 
 

Figure (15): Shear Stress Distribution without Geotextiles Reinforcements. 
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Figure (16): Shear Stress Distribution with Geotextiles Reinforcements. 
 

 

 
Figure (17): Deformation of Embankment Foundation with Geotextiles Reinforcements. 
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ABSTRACT 
The numerical investigation has been performed to study the radiation affected steady state 
laminar mixed convection induced by a hot inner varied positions circular core in a horizontal 
rectangular channel for a fully developed flow. To examine the effects of thermal radiation on 
thermo fluid dynamics behavior in the eccentric geometry channel, the generalized body fitted 
co-ordinate system is introduced while the finite difference method is used for solving the 
radiative transport equation. The governing equations which used are continuity, momentum 
and energy equations. These equations are normalized and solved using the Vorticity-Stream 
function. After validating numerical results for the case without radiation, the detailed 
radiation effect is discussed. From the parametric study, the Nusselt number (Nu) 
distributions in steady state were obtained for Aspect Ratio AR (0.55-1) and Geometry Ratio 
GR (0.1-0.9). The fluid Prandtl number is 0.7, Rayleigh number (0 ≤ Ra ≤ 104), Reynolds 
number Re (1-2000), Optical Thickness (0 ≤ t ≤ 10), Conduction-Radiation parameter (0 ≤ N 
≤ 100) for the range of parameters considered. It is indicated in the results that heat transfer 
from the surface of the circular core exceeds that of the rectangle duct and when circular core 
is lower than the center of the channel, the rate of heat transfer decreased.  The correlation 
equations are concluded to describe the radiation effect. 
   

  :الخلاصة
 أسـطوانة مـع   أفقيـة    خلال قناة مستطيلة      لجريان مستقر  المشع-حمل المختلط نتقال الحرارة بال   لأ العدديةتمت الدراسة   

 القنـاة    فـي   على ديناميكية المائع    للبحث عن تأثير الإشعاع الحراري     . لجريان تام التطور    الموقع ة متغير ة داخلي ةدائري

 بينما أسـتخدمت طريقـة      نظام لبناء شبكة ال   حداثياتلإصيغة مطابقة ا   ه المعادلات الى  ذ تم تحويل ه   ،اللامتمركزة الشكل 

). ستمرارية، الزخم ومعادلـة الطاقـة     لإا(هي   أستخدمت   المعادلات التي  .الفروق المحددة لحل معادلة الطاقة الحرارية     

 تأثير الإشعاع بعـد   تمت دراسة.الدوامية-نسيابلإمعادلات بدون وحدات ثم الى صيغة دالة ا ه المعادلات إلى    حولت هذ 

) (0.9-0.1ولنسبة شكل تتراوح بين   النتائج توصلت إلى رقم نسلت للحالة المستقرة للجريان          .اع بدون إشع  دراسة الحالة 

-Re  (1رقم رينولـد (Ra ≤ 104 ≥ 0) رقم رايلي ، Pr = 0.7)( رقم برانتل ولخواص جريان(1-0.55)ولنسبة باعية 

 ،للمديات الـسابقة  النتائج بينت (N ≤ 100 ≥ 0).  الإشعاع- وبارامتر التوصيل (t ≤ 10 ≥ 0)بصري كلسم و (1000

  أكثر من أنتقالها مـن      المركزية  وأن إنتقال الطاقة الحرارية من سطح الأسطوانة       ،الإشعاع زيادة الطاقة الحرارية بتأثير   
تم التوصل الـى   . وعندما تتحرك الأسطوانة إلى أسفل المركز تقل قيمة انتقال الطاقة الحراريةلالمستطيسطح المجرى 

 .  لمعرفة تاثير الاشعاع على عملية انتقال الحلرارةمعادلات 
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INTRODUCTION: 
Fully developed mixed convection laminar 
flow phenomena occur in a wide range of 
engineering applications as heat 
exchangers, solar collector, electronic 
equipment and similar devices. For this 
purpose various investigations have been 
performed in the literature under different 
boundary and operating conditions in 
order to maximize the heat transfer under 
optimum channel geometries. 
Initial investigations on the heat transfer in 
channels neglected natural convection 
effects and only studied forced convection. 
In low Reynolds number flow conditions, 
both heat transfer mechanisms play a vital 
role and both have to be accounted for in 
which the heat transfer is being considered 
as mixed convection. [Pu et al, 1991] 
reported experimental results of mixed 
convection heat transfer in a vertical 
packed channel with asymmetric heating 
of opposing walls. The experiments were 
carried in the range of (2 < Pe < 2200) and 
(700 < Ra < 1500). The measured 
temperature distribution indicates the 
existence of secondary convection cell 
inside the vertical packed channel in the 
mixed convection regime. 
Transfer of heat by simultaneous 
convective and radiative transfer at high 
temperature and high heat fluxes has 
become increasingly important in the 
analysis and design of high temperature 
gas – cooled nuclear reactors, advanced 
energy conversion devices, furnaces, 
combustors etc. these and many other 
applications have provided the impetus for 
research on combined convection radiation 
in participating media. [Larson and 
Viskanta, 1976] studied the transient 
laminar free convection and radiation in a 
rectangular enclosure. The effects of non 
participating radiation, wall heat 
conduction and laminar natural convection 
were examined. The results indicate that 
radiation dominates the heat transfer in the 

enclosure and alters the convective flow 
patterns significantly.  
[Kim and Viskanta, 1984] studied the 
effects of wall conduction and radiation 
heat exchanger among surfaces on laminar 
free convection heat transfer in a two – 
dimensional rectangular cavity modeling a 
cellular structure. The local and average 
Nusselt numbers were reported along the 
cavity walls for a range of physical 
interest. The local heat transfer rate was 
found to depend not only on the natural 
convection in the cavity but also on the 
wall conductance and radiation 
parameters. The results indicate that 
natural convection heat transfer in the 
cavity is reduced by heat conduction in the 
walls and radiation exchanger among 
surfaces.  
[Bahlaoui, Raji, and Hasnoui, 2005] 
studied numerically a mixed convection 
coupled with radiation in an inclined 
channel with constant aspect ratio and 
locally heated from one side. The 
convective radiative and total Nusselt 
numbers were evaluated on the cold 
surface and at the exit of the channel and 
for different combinations of the 
governing parameters. The results 
obtained show that the flow structure is 
significantly altered by radiation which 
contributes to reduce or to enhance the 
number of the solutions obtained. 
[Gururaja Rao, 2004] reported the results 
of an exhaustive numerical investigation 
into the problem of multi – mode heat 
transfer from a vertical channel for the 
twin cases of (i) uniform and (ii) discrete 
wall heat generation. Two –dimensional, 
steady state, incompressible, conjugate, 
laminar mixed convection with surface 
radiation is considered in both cases. The 
effects of parameters, such as surface 
emissivity, aspect ratio, modified 
Richardson number and discrete heat 
source position on the fluid flow and heat 
transfer characteristics are clearly brought 
out.
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 In the present investigation, the fully 
developed laminar mixed convective and 
radiative heat transfer will be investigated 
in an horizontal rectangular channel with 
interior circular core. The channel is fixed 
and the effect of heat generation is studied 
for thermal boundary condition of constant 
wall temperature and for (0.1≤GR≤0.9), 
(0.55≤AR≤1), (1 ≤ Re ≤ 2000), (0 ≤ Ra ≤ 
104), (0 ≤ N ≤ 100)  
  MATHEMATICAL MODEL 
Consider the steady state flow in an 
annulus of a rectangular channel with 
varied positions circular core as shown in 
Fig. (1). This annulus is symmetrical 
about Y-axis (∂/∂x =0). The flow is hydro 
dynamically and thermally fully developed 
laminar flow. The working fluid is 
assumed absorbing, emitting and the fluid 
properties are assumed constant except for 
density variation with temperature 
resulting in the secondary flows generated 
by the buoyancy forces. The axial (z) 
direction shown in Fig. (1) is the 
predominant direction for the fluid flow. 
The flow is laminar, and viscous 
dissipation effects are neglected. Axial 
conduction and radiation are assumed 
negligible following [Yang and Ebadian, 
1991].  
 
Governing Equations: 
Assuming two – dimensional flow with 
constant properties, the governing 
equations for the vorticity – stream 
function and the temperature at steady 
state conditions are: 
 
Stream Function Equation 
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Axial Momentum Equation 
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Dimensionless Energy Equation 
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Where the stream function ψ is defined in 
terms of the axial and radial velocities as 
follows respectively: 
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The last term of eq. (3) represents the 
radiation absorption term.  
 
Normalization Parameters 
The variables in the governing equations 
and boundary conditions were transformed 
to dimensionless formula by employing 
the following transformation parameters: 
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The boundary conditions applicable to 
these equations are: 

(1) At the inlet of the duct (Z= 0): 
 

0==== ωψVU   ,  

vd
W Re,5.0 ==θ  
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(2) At the walls: 

 
0==== ψWVU   ,  θ =1 
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symmetry line) 
 

NUMERICAL METHODS 
The elliptic transformation technique 
which was originally proposed by 
[Fletcher, 1988] is applied to generate the 
curvilinear grid for dealing with the 
irregular cross sections. The 
transformation functions 

 are obtained to 
accommodate the irregular shape. Using 
the curvilinear grid obtained the governing 
eq. (1) to (3) and the boundary conditions 
are then discretized and solved in the 
computation domain . In this work, 
an (81 X 61) grid in the transformed 
domain  is adopted. The grid 
systems have been properly adjusted to be 
orthogonal locally at the boundaries. The 
grid generation technique used is standard 
and well accepted. Therefore, further 
description about this technique would not 
give here. 
By using this method, the following 
general equation can be used to generate 
all the governing equations (1-3) in 
computational co ordinate's formula: 
 

( )
( ) 2

11 2 suJ

J

++−++
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γφφβφαϖφτφ

φψφψ

                                                           (5) 
 
Where  represent the general variable 
which may be ω, W or θ and su is the 
source term. Where Γ = 1 for vorticity 
transport and axial momentum equations 
and Γ = Pr for energy equation. 
 
Finite Difference Formulation:         
The three-point central difference formula 
is applied to all the derivatives. Each of 

the governing equations can be rewritten 
in a general form as: 
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Where: 
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In the equations above i and j indicate to 
the points of the grid in the generalized 
coordinates  respectively. 
 As pointed out in [Anderson et al, 1984] 
the Relaxation method can be employed 
for the numerical solution of eq. (1). For 
this investigation, the Line Successive 
Over Relaxation (LSOR) method 
[Fletcher, 1988] and [Anderson et al, 
1984] is used to solve equations (2 and 3). 
A computer program (Fortran 90) is built 
to calculate Nu. The convergence criterion 
for the inner iteration (Errorin) of  is 10-4 
and for the outer iteration (Errorout) of  is 
10-10, where: 
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Where RP is the Relaxation Parameter 
and equal 1.1 and represent the number 
of iterations. The outer iteration is 
checked only for   as follow: 
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EVALUATION OF HEAT 
TRANSFER: 
The peripheral heat transfer is defined 
through the conduction referenced Nusselt 
number as: 
 
Local Nusselt number 
The peripheral local Nusselt number on 
the walls of the channel is computed from: 
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Where n represent the dimensionless 
normal outward direction. 
The mean Nusselt number on the wall of 
the rectangular duct and circular core is 
obtained by using Simpson's rule: 
 

dsNu
s

Nu
s

Lrc ∫=
1

,
                          (11) 

 
Where s is represents the length of the 
wetted perimeter in the rectangular duct 
and circular core. 
The mean Nusselt number (Nu) is a 
measure of the average heat transfer over 
the internal surface of the rectangular duct 
and the outer surface of the circular 
configuration. It is computed from the 
following equation: 
 

rrcc NuCNuCNu +=                         (12) 

 

Where, CC NuC is a measure of average 
heat transfer from the outer surface of the 
circular core while Cr Nur corresponds to 
heat transfer from of the internal surface of 
the rectangular duct. Cc and Cr are the 
perimetric ratios for the heat transfer and 
are defined as: 
 

 
 

 
 
RESULTS AND DISSCUSION: 
  
Effect of Circular Core Position: 
The heat transfer process through the 
channel suffers from many changes in the 
heat transfer process because of the layer 
of the still air in the corners as shown in 
Fig. (2). This layer cause to increase the 
thermal resistance and that lead to 
decrease the rate of heat transfer. The heat 
transfer rate through the wall of the 
circular core is uniform and greater than 
that on the walls of the rectangular duct. 
The direction of the heat transfer from the 
walls towards the core of the channel is 
shown by the isotherm lines. 
The effect of the circular core position on 
the isotherms and streamlines for air is 
shown in Fig. (2-6). It is shown when the 
circular core is lower than the center of the 
channel, the volume and intensity of the 
upper cell will be increased, while, for the 
lower cell its volume and intensity will be 
decreased until it is vanished because of 
increasing the cross section area above the 
circular core. But the lower area is 
decreased when the circular core is get 
down. This decreasing in the volume and 
intensity of the cells under the circular 
core will be lead to decrease the rate of 
heat transfer then decrease Nu as shown in 
Fig (7).   
 
Effect of GR: 
. The bulk temperature of air increased 
with increasing in geometry ratio value as 
shown in Fig. (8) and that because of 
increasing in the surface area which 
participating in the heat transfer process 



  
M. H. AL-Hafidh                                                                              Mixed Convection Phenomina Affected By 

 R.G. Sayhood                                                                                   Radiation In A Horizontal Rectangular  
                                                                                                             Duct With Cocentric And Eccentric  

 
 
 

 32

and that result to increase the rate of heat 
transfer. 
Fig. (9) illustrates the variation of mean 
Nusselt number Nu through the channel 
with GR value. It is shown that when GR 
increased Nu increased and that resulting 
from increasing in the surface area of the 
circular wall. This increasing of the 
surface area will lead to increase the rate 
of heat transfer. The radiation effect is 
very small for the small values of GR. 
This effect increased with increasing in 
GR value because of increasing the heat 
gain by air with decreasing in the air 
quantity. 
Fig (10) illustrates the change in the value 
of NuL along the wall of the circumference 
of the circular core with GR value. The 
value of NuL is approximately uniform and 
equally at small value of GR. For GR > 
0.4, the value of NuL will be changed. and 
will be decreased in the throat regions 
because of impended of the wall to the 
vorticity and that lead to decrease the rate 
of heat transfer, while, in the other regions 
NuL will be increased because of 
increasing the intensity of vorticity and its 
center, and that results to increase the rate 
of heat transfer. But when GR reached 0.9, 
the value of NuL will be the maximum in 
the throat regions, this is resulted from the 
distance between the walls which is very 
small, and that lead to increase the rate of 
heat transfer.  
NuLr on the walls of the rectangular duct 
decreased with increasing in GR value in 
the throat regions as shown in Fig (11), 
while, in the other regions the value of 
NuLr increased when GR increased. The 
minimum value is approximately equal 
zero in the right corners of the rectangular 
duct, and that because of the decreasing in 
the rate of heat transfer resulting from 
increasing the thermal resistance of the 
semi-still air which is generated in these 
corners. The heat transfer rate through the 
wall of the circular core is uniform and 
greater than that on the walls of the 
rectangular duct. 
 

Effect of Re:           
Fig. (12-14) illustrate the isotherms and 
streamlines for different values of Re. 
These figures show that the increase in Re 
will not change the behavior of the stream 
function and the temperature distribution, 
but, it will be increase the intensity and the 
value of stream function and the 
temperature of the air.  
The effect of Re on the value of Nu is 
shown in Fig. (15), where it is shown that 
the value of Nu is decreased with 
increasing Re until it is reached the 
minimum value at Re = 350. But, Nu 
value will be something increased when 
Re is increased from 350. When Re = 1, 
the convection process is only natural 
convection, where the effect of the 
buoyancy force and the secondary flow 
had a vital role in the heat transfer process, 
and that lead to turn the streams of air 
widely through the cross section area of 
the channel. So, the increasing in Re is 
effected negatively on the heat transfer 
process, where it lead to increase the axial 
velocity of the flow and implement the 
vorticity of the air, but it is lower than the 
case of the natural convection. Also, the 
radiation effect is very small for the low 
values of Re, but its effect will be 
increased with increasing in Re value. 
In Fig. (16) the effect of Ra on Nu value is 
shown with the variation in Re. This effect 
is approximately constant with the 
variation of Re value. 
 
Radiation Effect: 
The correlation equations for the plotted 
curves are done to know the radiation 
effect on the rate of heat transfer. These 
equations are made by using the curve 
fitting method.   
 

0938.9

887.2

03231.00733.13

176.395677.6
−+=

+=

ARNu

GRNu
          

(Without radiation) 
 



        Journal of Engineering Volume 17 February 2011      Number1    
 

 33 

55.4
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58597.0117.12

648.44577.7
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(With radiation) 
       
For the bulk temperature, the effect of 
radiation will be written as follow: 
 

3102.6304.13287.12
−∗+−= GRbθ      

(With Radiation) 
 

3104,5763.16747.15
−∗+−= GRbθ      

(Without Radiation) 
 
CONCLUSIOS: 

• From the present work results and 
for the channel that described 
previously, the following 
conclusions can be obtained: 

• When the circular core is lower 
than the center of the channel, the 
volume and intensity of the upper 
cell will be increased, while, for 
the lower cell its volume and 
intensity will be decreased. 

• The decrease in the volume and 
intensity of the cells under the 
circular core lead to decrease the 
rate of heat transfer 

• The bulk temperature of air 
increased with increasing in 
geometry ratio. When GR 
increased Nu increased and that 
resulting from increasing in the 
surface area of the circular wall. 
The value of NuL is approximately 
uniform and constant at small 
value of GR. For GR > 0.4, the 
value of NuL will be changed, and 
will be decreased in the throat 
regions but when GR reached 0.9, 
the value of NuL will be the 
maximum in the throat regions. 
NuLr on the walls of the 
rectangular duct decreased with 
increasing in GR value in the 
throat regions, while, in the other 
regions the value of NuLr 
increased when GR increased. The 
minimum value is approximately 
equal zero in the right corners of 
the rectangular duct 

• The increases in Re will not 
change the behavior of the stream 
function and the temperature 
distribution, but, it will be increase 
the intensity and the value of 
stream function and the 
temperature of the air. 

• Nu decrease by 33% with 
increasing in Re and at Ra = 400, 
while it is increased by 1% with 
increasing in Ra and at Re = 100. 

•  The radiation effect is very small 
for the low values of Re, but its 
effect will be increased with 
increasing in Re value. 

• The radiation effect on the heat 
transfer coefficient is known by 
making a correlation equations 
and this effect show that Nu will 
be increased. 
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NOMENCLATURE 

Symbol Description Units 

AR Aspect ratio (AR = L /H) - 

D The diameter of circular core m 

d The hydraulic diameter of the channel m 

H The height of the rectangular duct m 
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J Jacobean of direct transformation - 

Symbol Description Units 

k Thermal conductivity of the air W/m.˚C 

KR Volumetric absorption coefficient m-1 

L The width of the rectangular duct m 

N Conduction-radiation parameter(4σεTw
3/KR k) - 

Nu The mean Nusselt number - 

NuLC, NuLr The local Nusselt number in the circular and rectangular 
walls respectively - 

 
Wetted perimeter for the circular and rectangular walls 

respectively m 

Pr  Prandtl number (Pr = ν/α) - 

R The circular core radius m 

Ra Rayleigh number (Ra= β g d3 Tw/ α ν) - 

Re Reynolds number [Re = (-d3/4ρν)(∂P/∂z)] - 

GR Geometry ratio (GR = D/H) - 

T Air temperature   ˚C 

t Optical thickness(t = KR Dh) - 

Tw Wall temperature ˚C 

u, v, w The velocity components in x, y and z direction respectively m/s 

U, V, W The normalized velocity components in x, y and z direction 
respectively - 

x, y, z The physical coordinates of the channel m 
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X, Y, Z The dimensionless physical coordinates of the channel - 

 
GREEK SYMBOLS 

Symbol Description Units 

 Thermal diffusivity  m2/s 

The coefficient of transformation of BFC - 

 Coefficient of thermal expansion 1/K 

 Emissivity - 

 Coordinates in the transformed domain m 

 Dimensionless air temperature - 

 Dimensionless bulk temperature - 

 
Dimensionless temperature of the circular core and 

rectangular duct walls respectively - 

 Dimensionless wall temperature - 

 Kinematics' viscosity of air m2/s 

 Air density kg/m3 

 Stefan Boltizmann constant W/m2K4 

 Dimensionless air stream function - 

 Dimensionless air vorticity - 
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SUPERSCRIPTS AND SUBSCRIPTS 

Symbol Description Units 

b Bulk - 

C Circular core - 

g Generation  - 

(i, j) Grid nodes in X and Y directions - 

L Local - 

r rectangular duct - 

w Wall - 

Symbol Description Units 

˚ Degree - 

¯ Average - 

 
 

 
                    

H D

Y 

X 

Z 

L 

δ 

0,0 

Ly1 

Ly2 

Fig.(1) Schematic of the Problem Geometry 
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Fig. (2) Streamlines and Isotherms for Concentric Core and for GR = 0.5 
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Fig. (3) Streamlines and Isotherms for Ly2 =0.3 
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Fig. (4) Streamlines and Isotherms for Ly2 =0.35 
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Fig. (5) Streamlines and Isotherms for Ly2 =0.4 
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Fig. (6) Streamlines and Isotherms for Ly2 =0.45 
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Fig. (7) The Effect of Circular Core Positions 
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Fig. (8) The Effect of Geometry Ratio on the Bulk Temperature 

 

0 0.2 0.4 0.6 0.8 1
GR

0

10

20

30

40

50

60

70

N
u

Without Radiation
With Radiation

Re = 100, Ra = 400, Q = 0
AR = 1, Pr = 0.7,
t = 1, N = 5

λ = 0

 
Fig. (9) The Variation of the Mean Nusselt Number with Geometry Ratio   
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Fig. (11) The Variation of the Local Nusselt Number with Pr

* 
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Fig. (12) Streamlines and Isotherms for Re = 1 
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Fig. (13) Streamlines and Isotherms for Re = 1000 
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Fig. (14) Streamlines and Isotherms for Re = 2000 
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Fig. (15) The Variation of the Mean Nusselt Number with Reynolds Number 
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Fig. (16) The Variation of Nusselt Number with Re for Different Values of Ra 
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ABSTRUCT  
 Carbon fiber reinforced polymers (CFRP) were widely used in strengthening reinforced concrete members 
in the last few years, these fibers consist mainly of high strength fibers which increase the member capacity 
in addition to changing the mode of failure of the reinforced concrete beams. Experimental and theoretical 

investigations were carried to find the behavior of reinforced concrete beams strengthened by CFRP in shear 
and bending. The experimental work included testing of 12 beams divided into 4 groups; each group contains 

3 beams. The following parameters were taken into consideration: 
- Concrete crushing strength.  
- CFRP strengthening location (shear strengthening and both shear and flexure strengthening). 
Reinforced beams were simply supported subjected to two point loads. Each group consists of three 

beams; the first beam without CFRP, the second one, is strengthened with CFRP in shear and the third is 
strengthened with CFRP in both flexure and shear. Four groups with different crushing strength of (12, 20, 
30 and 39 MPa). The CFRP sheets are attached externally. 

It was found that in beam with low crushing strength loads transfer to the CFRP at early stages while in 
those of high crushing strength, CFRP contribution only starts when full strength of the beam is fulfilled. A 
full bond between CFRP sheets and the concrete is assumed in the theoretical analysis. Comparison between 
the theoretical and the experimental results revealed the validity of the numerical analysis and the developed 
methods such that there was a difference of 13% in the ultimate strength for the tested and analyzed beams. 
 

  :خلاصة
 البوليمرية التقوية أليافتتألف  في السنوات الحديثة ، يةالكاربون البوليمر بألياف المسلحة المقواة الخرسانية الإنشائية العناصر استعملت 

 ريتأج.المسلحة الخرسانة للعتبات الفشل أسلوب تغيير إلى بالإضافة التحمل سعة زيدتحيث ) المقاومة عالية( ألياف من أساسية بصورة
  CFRPوالانثناء المقواة باستخدام  القص عتبات في مناطق فشل تقوية الالمسلحة، لحالتي الخرسانية العتبات لسلوك ونظرية عملية تحريات

مقاومة  الاعتبار بنظر أخذت دراسةلا . عتبات3 تضم مجموعة ،آل أربعة مجاميع إلى قسمت فحص عتبة 12حيث يتكون البرنامج العملي من  
 فحصها في تم العتبات آل.في منطقتي القص و الانثناء معاً في منطقة القص وأخرى للتقوية مرة ، استعملت التقوية غاط للخرسانة و حالةالانض
آل مجموعة تتكون من  CFRP .موقع و  مقاومة الانضغاط للخرسانة يمثل الرئيس المتغير بينما تحميل لنقطتي ومتعرض الإسناد بسيط فضاء

 منطقة القص و هي عبارة عن سبعة في CFRP حتوي على ي الثاني و CFRP من  خالي و وهالنموذج المرجعي وت الأول وهثلاثة عتبا
  . منطقتي القص و الانثناءفي CFRPحتوي على ي درجة و الثالث 45شرائح مائلة بزاوية 

 CFRPأن استعمال . خارجي  آمقويCFRPل إستعم).  MPa 39-30-20-12(آل مجموعة لها مقاومة انضغاط مختلفة عن الأخرى وهي 
الخرسانة الضعيفة في أوقات مبكرة من الحمل بعكس  يشارك CFRPاآتشاف إن  تم. الهطول التشقق، شكل الأقصى، الحمل نتائج تأثير على له

إن أفضل استخدام . في التحمل CFRPالخرسانة التي لها قوة انضغاط عالية حيث تتحمل أولا هي لوحدها جميع الاجتهادات ثم تشارآها شرائح 
   . في منطقة القص بسبب تحول القوى بصورة مباشرة إلى شد على هذه الشرائح CFRPلشرائح 
، حيث تم CFRP  ب المقواة الخرسانية المسلحة العتبات أداء لتحري الإبعاد ثلاثية العناصر بواسطة اللاخطي التحليل استعمال تم

 .ANSYSالحاسوبي  استخدام البرنامج
 النظرية النتائج بين المقارنة .التصدع بعد ما لسلوك جيد تنبؤ على وتم الحصول . والخرسانةCFRPشرائح  بين تام اعتبرنا هنالك تماس

 .المفحوصة العتبات لكل % 13 من القصوى أقل ومةاالمق في فرق نسبة أآبر آانت حيث و العددي التحليل أآدت صلاحية والعملية
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INTRODUCTION:  

 
A carbon fiber sheet is formed by laying out 

fibers in single or multiple directions and 
embedding in a protective epoxy resin. A carbon 
fiber sheet receives particular attention due to its 
higher strength, stiffness, corrosion and fatigue 
resistance with reasonable cost. One advantage of 
using a fiber composite material is the negligible 
increase in dead load due to its light weight; in 
addition, it can be easily carried to construction 
site in rolls. Because the reinforcing technique is 
much simpler with fiber composite, strengthening/ 
retrofitting work is more convenient in a limited 
workspace and no specific work experience and 
heavy construction equipment are required at the 
site. 

Carbon fiber sheet has a very high 
unidirectional tensile strength but has stiffness 
close to that of steel. Typical values are between 
2500-4600 MPa for tensile strength and 235-269 
GPa for Young’s modulus. The behavior is 
essentially linearly elastic up to the tensile 
strength limit. Once it reaches its tensile strength, 
it fails in a perfectly brittle model, Figure 1. 
Fibers are assumed to have strength and stiffness 
only in the fiber direction and no resistance 
perpendicular to the fiber direction is considered. 
Because of its negligible thickness, carbon fiber 
sheet exhibit no effective compression or bending 
stiffness. Taking the above characteristics into 
account, a finite element with only axial stiffness 
is used to represent carbon fiber in structural 
analysis. 

 
Fiber materials commonly used are carbon, 

glass or aramid. The different FRP materials and 
systems have varying properties and behavior. A 
qualitative comparison of the performance of 
carbon, glass, and aramid composites is presented 
in Table 1. 

This carbon fiber used to manufacture an un-
directional tow sheet that has a width off 330 mm 
and is suitable for applications requiring a wet 
lay-up process to conform to the surface 
configuration of the structure as shown in Figure 
2. 
 
 

 
EXPERIMENTAL WORK: 

 
The experimental program consisted of 

testing twelve simply supported beams. Beams 
with rectangular cross sections of 150 mm width 
by 280 mm height and 3350 mm length. A span 
between supports of 3200 mm and distance 
between loads of 1200 mm. The longitudinal 
reinforcement consists of three No.16 bars (16-
mm-dia.) in tension and two No. 10 bars (10-mm-
dia.) in compression, equivalent to reinforcement 
ratios of ρ=0.0157 and ρ’=0.0041, respectively.  

Figures 3 and 4 show specimen dimensions, 
reinforcement details, support locations, and 
location of loading points.  

No shear reinforcement in tested beam to 
ensure that shear failure in happen before bending 
failure. 

 
In order to identify the test specimens with 
different strengthening schemes and different 
concrete strengths, the following designation 
system is used as list in Table 2:  
 

Figures (4), show the reinforced 
concrete beams with CFRP in shear and 
flexure zone (side and bottom view). 
 
TESTING PROCEDURE: 

 
All beams were tested in a universal testing 
machine, with maximum capacity of 2000 kN. 
Beam was loaded directly at the top face with two 
equal concentrated loads. The ends of all beams 
were extended 125mm beyond the supports 
centerline to provide adequate anchorage for the 
longitudinal steel. 60mm x150mm bearing 
plates were used at loading points and at supports 
to avoid local crushing of concrete. The beams 
were tested under static loads, loaded in 
successive increments up to failure. For each 
increment, the load was kept constant until the 
required readings were recorded. 
Demec points were used for each tested beam at 
mid-span on concrete surface and CFRP shown in 
Figures 5 and the initial distance between each 
two horizontal Demec points were calibrated 
using an accompanying special ruler. 
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TEST RESULTS 

 
The ultimate load and mid span deflections 

at cracking and ultimate stages are shown in 
Table 4. The same mode failure occurred for all 
beams. This mode was a diagonal shear crack 
causes rupture of all CFRP sheets located in the 
shear zone at ultimate load level. Discussion of 
results obtained for each group is presented in the 
following sections. The beams before tested are 
shown in Figures 6. 
 
CRACK PATTERNS AND FAILURE 
MODE: 

 
The loads are applied gradually up to 

failure. Figure 7 shows crack patterns of all tested 
beams. 

The sketch the map of cracks of BC1, BC2, 
BC3 and BC4 shown in Figures 8. 

 
 

LOAD AGAINST MID-SPAN 
DEFLECTION: 

 
From the load deflection curves of the tested 

beams it can be observed that the load against 
mid-span deflection response can be divided into 
three stages of behavior. In the first stage, a linear 
behavior of the load deflection response is 
observed. In the second stage, a nonlinear 
behavior of the load deflection response is 
noticed. Finally in third stage, as the applied load 
reaches near its ultimate value, the rate of increase 
in deflection is substantially exceeding the rate of 
increase in the value of the applied loads. Figure 
9, shows the load-deflection for beams having 
same crushing strength at f’c=12, 20, 30 and 39 
MPa respectively. 
 
FINITE ELEMENT MODEL:  
 

The tested beams where analyzed using 
ANSYS program (ANSYS 2005 version 10). Four 
different materials are involved concrete, 
reinforcement, steel plates, and CFRP strips. 
Concrete: the solid 65, 3-D reinforced concrete 
solid element was used to represent concrete in 
the models. The element using a 2× 2× 2 Gaussian 
set of integration points is defined by eight nodes 
having three degrees of freedom at each node: 
translations in the nodal x, y, and z directions. 
This element is capable of cracking in tension and 
crushing in compression. 

Steel: the solid 45 is used for the 3-D modeling of 
structural members steel bearing plates located at 
supports and under the applied loads. 

Reinforcement: The link 8 element is a uniaxial 
tension-compression element with three degrees 
of freedom at each node, translations in the nodal 
x, y, and z directions. This element is used to 
represent the steel bars. 
CFRP Sheets: Solid 46 is a layered version of the 
8-node structural solid designed to model layered 
thick shells or solids. The element allows up to 
250 different material layers. In present study, this 
element is used to represent CFRP strips. 

 Tested beams are 150 mm × 280 mm × 3350 
mm; with a span between supports of 3200 mm. 
Figure 10, illustrates typical dimensions for all 
four beams before CFRP reinforcing. By taking 
advantage of the symmetry of the beams, a quarter 
of the full beam was used for modeling.  This 
approach reduced computational time and 
computer disk space requirements significantly. A 
quarter of the beam model is shown in Figure 11. 

 
Figure 12 shows typical steel reinforcement 

for a quarter beam model.  
Ideally, the bond strength between the 

concrete and steel reinforcement should be 
considered. However, in this study, perfect bond 
between materials was assumed. To provide the 
perfect bond, the link element for the steel 
reinforcing was connected between nodes of each 
adjacent concrete solid element, so the two 
materials shared the same nodes. The same 
approach was adopted for CFRP composites. The 
high strength of the epoxy used to attach CFRP 
sheets to the beams supported the perfect bond 
assumption. 

ANALYTICAL RESULTS: 
The accuracy of the finite element modeling 

is determined by ensuring that the ultimate load is 
reasonably predicted in comparison with the 
experimental results, and the load-deflection 
curves are close to the experimental curves as well 
as the crack patterns are similar to that obtained 
from experimental test.  

Comparison of the load-deflection curves, 
cracking loads, ultimate load carrying capacity 
and crack pattern by the finite element analysis 
and the laboratory tests is made. 
The ratios of the predicted finite element ultimate 
loads to the corresponding experimental ultimate 
loads of the analyzed beams are listed in Table 5. 
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NUMERICAL LOAD VERSUS MID-
SPAN DEFLECTION: 
 
Figures 13 shows the load versus mid-span 
deflection curves for the finite element analyses 
and experimental results for beams. 
 
Several conclusions are drawn from may be notice 
from comparison between experimental and 
analytical case studies. 
- The theoretical results are nearby the 
experimental results as the appears of beam at the 
mid  span deflection whereas the basic splits 
- The failure load predicted is very close to the 
failure load measured during experimental testing.  
- Established the beam in analytical analysis 
carried load greater than from experiential results 
due to technique of presented of model in ANSYS 
are it ideal and it not afforded to any outside 
factors corresponding to the experimental results.  
- The theoretical solution gives a good impression 
in the reinforced concrete beam strengthened by 
CFRP, and it is possible to dispense of 
experimental work. 
 

CONCLUSIONS: 

• From test results and observations, the 
following conclusions can be drawn: 

• Using of CFRP as an external 
strengthening technique results in a 
noticeable effect on ultimate load, crack 
pattern, deflections and as described 
below: 

o Increasing the ultimate load and 
the capacity of the beams. 

o Delaying the crack appearance 
and reducing the crack width. 

• The location of CFRP sheets has a major 
effect; attaching CFRP in bottom face in 
addition to side face has more effect than 
when attaching the same quantity of 
CFRP to the side faces of beams. 

• In all cases in the present work, the failure 
in strengthened beams is caused by shear 
failure fallowed by CFRP rupture. 

• The presence of external CFRP bonded to 
concrete beams increases the ultimate 
load at failure to a significant value. The 
maximum increase in the ultimate 
strength of externally strengthened beams 
by CFRP depends on the amount of the 
area and configuration of the external 
CFRP sheet added. 

• In this study, it is observed that the use of 
external CFRP sheet connected to the 
tension sides of beams could enhance the 
ultimate load capacity by (58%) over the 
capacity of the identical unstrengthened 
control beam. 

• Using CFRP for strengthening beams at 
shear zone by CFRP sheet is found 
successful. 

• 10. The beam strengthening by shear at 
any compressive strength of concrete are 
more load capacities less than from the 
beam strengthening for shear and flexure.  

• 11. The three-dimensional finite element 
model used in the present work is able to 
simulate the behavior of externally 
strengthened reinforced concrete beams 
by CFRP in shear and flexural groups. 

• 12. The comparison between the 
numerical and the experimental results 
declared the validity of the numerical 
analysis and the methodology developed 
here where the maximum difference ratio 
in ultimate load was less than 13% for all 
the tested and analyzed beams. 

• 13. The general behavior of the finite 
element models represented by the center 
span load deflection curve shows good 
agreement with the test results from the 
experimentally tested beams. 

 
NOTATION 
ACI= American Concrete Institute 
ANSYS=Finite Element Computer Program 
CFRP=Carbon Fiber Reinforced Polymer 
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Table 1, Qualitative Comparison of Different Fibers Used in Composites. 

Type of fibers used in composite 
Condition 

Carbon Fibers Glass Fibers Aramid Fibers 

Tensile Strength Very good Very good Very good 

Young’s Modulus Very good Good Adequate 

Long-term behavior Very good Good Adequate 
Fatigue behavior Excellent Good Adequate 

Bulk density Good Excellent Adequate 
Alkaline resistance Very good Good Inadequate 

Price Adequate Adequate Very good 

 

FIGURE 1, Carbon Fiber Sheet Modeling in Finite Element analysis 
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FIGURE 2, Carbon Fiber Sheet  

 
 

 

 

 

 

 

 

 

 

FIGURE 3, Geometry of Laboratory Specimens 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2,  Classifications of Beams
No. The Symbol The Name 

1 BC1 Beam Control at compressive strength equal 12 MPa 

2 BS1 Beam Strengthened for shear at compressive strength equal 12 MPa 

3 BF1 Beam Strengthened for shear and flexure at compressive strength equal 12 MPa 

4 BC2 Beam Control at compressive strength equal 20 MPa 

5 BS2 Beam Strengthened for shear at compressive strength equal 20 MPa 

6 BF2 Beam Strengthened for shear and flexure at compressive strength equal 20 MPa 

7 BC3 Beam Control at compressive strength equal 30 MPa 

8 BS3 Beam Strengthened for shear at compressive strength equal 30 MPa 

9 BF3 Beam Strengthened for shear and flexure at compressive strength equal 30 MPa 

10 BC4 Beam Control at compressive strength equal 39 MPa 

11 BS4 Beam Strengthened for shear at compressive strength equal 39 MPa 

12 BF4 Beam Strengthened for shear and flexure at compressive strength equal 39 MPa 

Concrete Specimen

1200 

3200 

3350 

P P

2-Ø10
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150 mm 
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(Side View) 

 
 
 
 
 
 
 

(Bottom View) 

FIGURE 4, Specimens with CFRP in Flexure Zone  

 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 5, Demec Points in Concrete and CFRP 
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FIGURE 6, Beams Strengthened for Shear (f’c=12, 20, 30 and 39 MPa) 

Table 4, Experimental results of the tested beams. 
Total applied 

load 

(KN) 

Mid-span 

deflection 

(mm) 
Group 

no 

Beam 

designation 

crushing 

strengths 

(MPa) 
 u 

Percentage increase 

in ultimate load with 

respect to reference 

beam % 

Percentage increase 

in ultimate deflection 

with respect to 

reference beam % 

BC1 12 45 9.229 ------- --------- 

BS1 12 65 22.625 44.4 145.2 
 

1 
BF1 12 70 29.445 55.5 219 

BC2 20 58 13.348 ------- ---------- 

BS2 20 69 21.679 19 62.4 

 

2 

 BF2 20 80 27.81 37.9 108.3 

BC3 30 60 14.498 ------- --------- 

BS3 30 71 19.702 18.3 35.9 3 

BF3 30 95 31.236 58.3 115.5 

BC4 39 80 15.41 ------- --------- 

BS4 39 95 23.318 18.8 51.33 4 

BF4 39 104 32.1 30 108.3 

 

(a) (b) 

(c) (d) 
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FIGURE 13, BF1, BF2, BF3 and BF4 After Tested 
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FIGURE 8, Crack Patterns for BC3, BS3 and BF3 respectively 



Journal of Engineering Volume 17 February 2011      Number1  
 

 

 56

 
 

 
 

   
(a)                                                                       (b) 
 

    
            (c)                                                                           (d)                  

 
FIGURE 9, Load-Deflection Curves for Beams having between Beams at f’c=12, 20, 30 and 39 

MPa respectively  
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FIGURE 10, Typical Beam Dimensions (Not to Scale) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 11, Use of A Quarter Beam Model (Not to Scale) 
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FIGURE 12, Typical Steel Reinforcement for A Quarter Beam Model (Not to Scale) 
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Table 5, Comparisons between experimental and numerical ultimate loads  

Beam 
designation  

Numerical ultimate 
load (kN) 

Experimental 
ultimate load (kN)  

BC1 50.0 45 1.11 

BS1 70.0 65.0 1.08 

BF1 74.7 70.0 1.07 

BC2 63.6 58.0 1.09 

BS2 66.7 69.0 0.97 

BF2 80.0 80.0 1.00 

BC3 67.6 60.0 1.13 

BS3 77.8 71.0 1.10 

BF3 90.0 95.0 0.95 

BC4 88.5 80.0 1.11 

BS4 100.0 95.0 1.05 

BF4 106.0 104.0 1.02 

 
 

  
(a)                                                                            (d) 
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                                (c)                                                                            (d) 

FIGURE 31, Load-Deflection Curve BC1, BC2, BC3 and BC4 respectively 

  
(a)                                                                             (b) 

  
                        (c)                                                                 (d) 

FIGURE 32, Load-Deflection Curve BS1, BS2, BS3 and BS4 respectively 
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                               (a)                                                                             (b) 

  
                                (c)                                                                             (d) 

FIGURE 33, Load-Deflection Curve BF1, BF2, BF3 and BF4 respectively 
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TTHHEE  EEFFFFEECCTTSS  OOFF  BBLLOOOODD  RREEHHEEOOLLOOGGIICCAALL  OONN  TTHHEE  FFLLOOWW  
TTHHRROOUUGGHH  AANN  AAXXIISSYYMMMMEETTRRIICC  AARRTTEERRIIAALL  SSTTEENNOOSSIISS  

  
  

 
 
 
 

ABSTRACT 
        The prediction of the blood flow through an axisymmetric arterial stenosis is one of the 
most important aspects to be considered during the Atherosclrosis. Since the blood is specified as 
a non-Newtonian flow, therefore the effect of fluid types and effect of rheological properties of 
non-Newtonian fluid on the degree of stenosis have been studied. The motion equations are 
written in vorticity-stream function formulation and solved numerically. A comparison is made 
between a Newtonian and non-Newtonian fluid for blood flow at different velocities, viscosity 
and Reynolds number were solved also. It is found that the properties of blood must be at a 
certain range to preventing atheroscirasis 
 

 
   الخلاصة

أن عملية تدفق الدم خلال تضيق الشريان المتناظر يعد واحد من أهم الظواهر التي تؤخذ بنظر الاعتبار خلال تصلب        
 دراسة أنواع الموائع وتأثير خواص الدم الغير نيوتيني على تان الدم يصنف من الموائع الغير نيوتينية لذلك تم وبما .نالشرايي

غير التمت مقارنة بين المائع النيوتيني و  ،لة الجريان بصيغة المسار الدوامي وتم تحليلها عددياً معادبت آت.درجة تضيق الشريان
محدودة الدم يجب أن تكون ضمن حدود خصائص إن تبين قد ل.  رينولد مختلفة  رقممدياتولزوجة جريان ولسرع النيوتيني 

  .لغرض منع حدوث حالة تصلب الشريان
 
Nomenclature  
 

A1 Rate of deformation tensor ⎯ 
I Unit tensor  ⎯ 
J Jacobian of direct transformation  ⎯ 
K Keulegan-Carpenter number ⎯ 
n Power index ⎯ 
p Pressure N/m2 
Q Flow rate m3/s 
R Radius of the tube at region concerned   m 
Re Reynolds Number ⎯ 

Rmin Radius of the tube at the throat m 
Ro Radius of the tube m 

Dr. Jafar M. Hassan 
Assistant Professor 

Department of Mechanical Engineering 
University of Technology 
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τ  Period of the imposed flow s 
T Cauchy `tensor stress N/ m2 
t Time s 

t+∆t Time step s 
u,v Velocity components in x and r directions  m/s 

x,r,t,v,u,p,Λ  Dimensionless variables    ⎯ 
Uo Averaged velocity over the section of radius Ro m/s 

Greek Symbols 
∞η−ηo  Asymptotic apparent viscosities N.s/m2 

γ&  Shear rate 1/s 

ψ Stream function m3/s 
ω Vorticity 1/s 
ρ Density of the fluid kg/m3 
Λ Material parameter ⎯ 
λ Non-dimensional viscosity ⎯ 
α Womersley number ⎯ 
ζ, η Coordinate in the transformed domain  ⎯ 
α, β, γ Transformation parameter grid generation  ⎯ 
δ,σ Geometrical parameters m 
χ  Dimensional generalized viscosity N.s/m2 

(x,r,θ) Cylindrical coordinates system m 
µ Viscosity of the fluid N.s/m2 

RF Relaxation Factor ⎯ 
r.h.s Right Hand Solution ⎯ 

S.O.R. Successive Over Relaxation ⎯ 
WBC Wight Blood Cell ⎯ 

 
INTRODUCTION   
       The work is concerned with the effect 
of the Newtonian and non-Newtonian 
behavior of fluids. Basically, fluid is called 
non-Newtonian if its viscosity depends on 
the force that is applied to it. Viscosity is a 
measure of how easily a fluid flows (the 
higher the viscosity, the harder it would be 
to stir a bowl full of it). For example, water 
has lower viscosity than syrup. For an 
ordinary fluid (like water) the viscosity 
wouldn’t depend on how fast you were 
stirring it, but for a non-Newtonian fluid it 
would. The average velocity in the aorta is 
about 30 cm/sec that in a capillary is only 
about 1 mm/sec. It is in the capillaries that 
exchange of O2 and Co2 take place, and this 
low velocity allows time for diffusion of the 
gases to occur [John, 1987]. There is no 
direct proportionality between shear stress 

and shear rate for these fluids, there are a 
large number of rheological equations which 
describe the flow behavior of these fluids, 
but there is no single equation which exactly 
describes the shear stress-shear rate 
relationship of all these fluids over all ranges 
of shear rates [William, 1978]. The previous 
is a part of general science of Rheology, 
rheology as a science is concerned with the 
study of material that cannot be described by 
the classical law of Hooke for solids or 
Newton’s law for liquids. That means; it is 
the science that studies the intermediate 
material between the above laws. 
         [Obaid, 1996] stated both Newtonian 
and non-Newtonian fluid flow cases were 
investigated for downstream facing step 
problem .The governing equations solved 
using  a numerical finite element technique. 
The results are presented for different
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Reynolds numbers and for some values of fluids parameter. He found that the length of the 
separated region grows consistently with Reynolds numbers. Also, the separated region grows 
slightly with increasing power index (n) when a certain Reynolds numbers have been considered.  
          [Pontrelil, 2001] presented a differential model of blood flow through a compliant vessel. 
A nonlinear, viscoelastic, constitutive equation for the wall is coupled with the one-dimensional, 
averaged fluid momentum equation to describe wave propagation disturbances due to prosthetic 
implantations, the geometrical, physical and biomechanical parameters need to be carefully 
identified with reference to a specific flow problem. 
        The purpose of this work is to study the blood flow over different degree of arterials 
stenosions, viscosity and Reynolds number.  

A computer program using FORTRAN 90 developed to solve the governing equation using 
finite difference approximation method.      
 
MATHEMATICAL MODEL FOR BLOOD FLOW       
 While the non-Newtonian approximation for blood flow is acceptable in modeling flow 
in large arteries and in the propagation of a pressure pulse, a nonlinear constitutive equation has 
to be used to describe flow in small vessels or at low shear rates, since the average shear rate at 
the wall of arteries is larger than this value.  
 Nevertheless, near the center of the vessels, or in separated regions of recirculating flow 
such as the downstream side of stenosis due to atherosclrosis, the average value of shear rate will 
be small. Non-Newtonian models take into account the effect of a shear-rate dependent viscosity 
in some range and reduce Navier-Stokes fluid in some other ranges. 
 While the plasma is a fluid with no significant departure from Newtonian behavior, when 
red cells are considered, the viscosity of the whole mixture increases noticeably. Marked Non- 
Newtonian properties are evidenced for concentrations greater than 10% [Chien, 1984]. It is 
experimentally shown that the blood apparent viscosity decreases as the shear rate increases. In 
the past years, many constitution equations have been proposed for the blood to model this shear-
thinning property [Mann, 1990],             [Phillips, 1975],[Oiknine, 1983]. Some of them depend 
on a large number of parameters, while some others are not completely satisfactory in all 
deformation ranges and for all flows. 
Most of such models are based on the following stress – strain rate relationship:  
 

1)(T AI γµρ &+−=          (1) 
Where T is Cauchy، s tensor stress. With : 
A1 = grad υ + (grad υ) T 
The rate of deformation tensor and its magnitude (i.e. the shear rate): 

( )
2/1

2
12

1
⎥⎦
⎤

⎢⎣
⎡= Atrγ&   

 In the following expression for the blood viscosity function )(γµ &  is suggested [Oiknine, 
1983]: 

( ) ( )
⎥
⎦

⎤
⎢
⎣

⎡
Λ+

Λ++
−+= ∞∞ γ

γηηηγµ
&

&
&

1
1log1)( 0

e         (2) 

       Where 0η  and ( )∞∞ ≥ ηηη 0  are the asymptotic apparent viscosities as ( 0→γ&  and ∞) 
respectively, and (Λ ≥ 0) is a material constant with the dimension of time representing the degree 
of shear-thinning (for ( ) constant== ∞ γµηη &,0  and the model reduces to the Newtonian 
one) . 
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 The complex nature of blood is approximated here with a three-parameter shear-thinning model, 
the apparent viscosity µ and the shear rate γ& . The apparent viscosity is expressed as a decreasing 
function of the shear rate γ& . Note that, at low shear rates, the apparent viscosity increases 
considerably. The asymptotic values 0η  are common in many other inelastic shear-thinning 
models and they are calibrated by best fitting experimental data, while the value of Λ is found by 
nonlinear regression analysis of viscometric data [Yeleswarapu, 1996]. 
 
The Equations of Motion  
       Blood is assumed to be anisotropic, homogeneous and incompressible continuum, having 
constant density ρ, and the vessel walls are considered rigid  and impermeable. Its viscosity has 
the expression given by the equation (2). 
The equation of motion is : 

TdivVV
t
V

=⎟
⎠
⎞

⎜
⎝
⎛ ∇+
∂
∂

•ρ       (3) 

where V is the velocity vector and the body forces are supposed negligible. 
        Let us now consider a cylindrical coordinate system (x, r, θ) having the x – axis coincident 
with the pipe axis. Because of an axisymmetric two-dimension solution, all variables are assumed 
independent of θ and the peripheral component of V vanishes. 
        The pipe has a circular cross section whose radius is R0 in every where except in a small 
region centered at (x = 0) with a mild smooth axisymmetric contraction (stenosis), as described 
by the following function [Yeleswarapu, 1996]:  
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                                                                (4) 
 
Where ST is the degree of the stenosis defined by:  

%100)(ST min

o

o

R
RR −

=   

and Rmin is the radius of the tube at the throat of the constriction.  
The vector equation (3) can be written in scalar form: 
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Where (u,v) are the components of V in x and r directions respectively. 
Let us now introduce a set of nondimensional variables: 
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0R
x

→x          
0R

r
→r  

0

0

R
Ut

→t                
0U

u
→u  

0U
v

→v               2
0U

p
ρ

→p  

0

0Λ
R
UΛ

→   
∞

=
η
ηλ 0  

With U0 the velocity averaged over the inlet section of radius R0. 
Moreover, two characteristic nondimensional numbers: 

τη
ρα
∞

= 0R             
0

0

R
UK τ

=                                                      (7) 

      Are introduced in unsteady flows and are defined as the Womersley and the Keulegan-
Carpenter numbers respectively (typically, the characteristic time τ  is the period of an imposed 
flow rate)  

In the study case τ  is the unit time and equal to oo UR for (K=1), and 
∞

=
η

ρ
α ooUR2  is the 

Reynolds number. The nondimensional counterparts of equations (5)-(6) are cross differentiated 
and subtracted, to obtain the vorticity – stream function formulation with ω the azimuthal 
vorticity and ψ the Stokes stream function :  
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Are the dimensionless generalized viscosity and the squared shear rate, respectively. 
       The following relation between velocity components, vorticity and stream function holds: 
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And the equations above to be solved for 10 ≥≤ r . 
        It is worth noting that the r.h.s. of Eqn. (8) is made up of many terms of different physical 
significance due to the variable viscosity and express a transport and diffusion of vorticity from 
the boundary to the main stream. The combined nonlinear effect of these components enters in 
the dynamics of the vorticity and is important for understanding the formation, the development 
and the separation of boundary layer. Note that in a fluid with constant viscosity, all the terms in 
square brackets except the first one disappear. 
Vorticity and stream function are related by the Poisson equation: 
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      (12) 

       The velocity field, automatically satisfying the continuity equation, can be computed from 
the stream function. The boundary conditions are required for all boundaries of computational 
domain since the governing equations are elliptic in partial coordinates. In general, along the 
boundary of the lower symmetric plane, the stream function is respectively set equal to zero and 
to a constant value, which is equivalent to one half of the mean mass flow rate through the pipe. 
The vorticity is zero along the symmetry. On the wall pipe the value of the stream function is 
uniform, corresponding to an impermeable wall. The value of vorticity on the pipe wall is 
unknown and must be solved as a part of solution. The inlet boundary condition is uniform flow 
(u=uniform velocity , v=0) and the outlet boundary of stream and vorticity which is located three 
periods down stream is imposed to be the same in the stream wise direction. The initial boundary 
conditions for all variables are zero Fig. (1). 
 
 
NUMERICAL METHOD 
        The essence of computational fluid mechanics is the representation of the governing 
equation in algebraic form suitable for solution by available mathematical techniques. Adopting 
the finite difference approach, the governing equations that are expressed in the form of 
differential equations can be represented as finite differences and converted to algebraic 
equations.  
        In this part, the vorticity-transport equation ω, stream function equation ψ and the shear rate 
equation are discretized using the finite difference method with "Time Marching" because it 
attempts to follow the time evaluation of the flow, in arriving to the steady-state solution. 
        The approximations for the time derivative in the vorticity equation (8), the numerator is a 
forward difference for vorticity change occurring at (m,n), from time (t) to (t + ∆t). 
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        Where the ( 1
)(

+
+

i
nmω ) is the vorticity at time (t + ∆t) and the ( i

nm ),(ω ) is the vorticity at (t). 
        The central finite difference approximations are used for convection terms in the vorticity 
equations as follows: 
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And J denotes the Jacobain of the transformation 
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        The constant ζ ( )( )rx,ζζ =  lines and constant η ( )( )rx,ηη =   lines can be spaced as 
desired around the boundaries in the physical domain, since the assignment of the (ζ,η) values to 
(x,r) boundary points via (xi) and (ri) functions are arbitrary, if the shapes of the boundaries 
shown in Fig. (1) are described. 
        A computer program developed to solve the above equations. The flow charts shown in figs. 
(2 and 3).  
 
Results and Discussion 
       The primary advantages of grids generated by the solution of partial differential equations 
are smoothness and better control of grid orthogonally at boundary, but the disadvantages are 
increased computational cost and complexity. So four-grid generation has been generated for four 
stenosis. Figure (4) shows the grid generation for (0.0), (0.2), (0.5) and (0.8) degree of stenosis.  
       The parameters that the problem depends on range around some typical values to obtain 
results of biomechanical interest. They are chosen equal to Newtonian and non-Newtonian fluids 
to allow a comparison of the two cases. The following physical parameters are assigned in 
equation (7): K=1 and α²=10. Therefore,  
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Reynolds number      Re =K * α² = 10 is within the physiological range of blood flow in small 
vessels and rheological parameters ),( Λλ are (40, 50) [Chien, 1984]. 
       The differences between Newtonian and non-Newtonian flows become significant as shown 
in Figure (5), the shear rate of Newtonian flow is greater than that of non-Newtonian flow it is 
positive at the stenosis which the non-Newtonian because a negative at the stenosis due to the 
effect of viscosity which related to a vortices at the outlet of the stenosis. The effect of 
dimensionless viscosity )(λ  shown in Figure (6) increasing λ the shear rate increases because the 
viscosity of blood depends on the Hematocrit. Where, the Hematocrit is a centrifuge or a device 
for separating the cells and on other particulate elements of the blood from the plasma.  
         Figure (7) shows the velocity profiles for non-Newtonian fluid of Re=10, 20, 50 and 300 for 
0.8 degree of stenosis. Figure (8) shows the shear stress for non-Newtonian fluid at Re (10, 20, 50 
and 300) for 0.8 degree of stenosis. The shear increases with decrease in the degree of stenosis. 
From Figures (7 and 8) it is found that the flow rates, and the different properties which affect the 
blood flow such as pressure drop, viscosity, length and radius of the vessel, which are the main 
parameters that cause the atherosclerosis. The heart tries to increase the velocity of blood and this 
velocity is periodic (pulsating), to try to open the stenosis so the recirculation is greater at 0.8 
degree of stenosis. The flows of non-Newtonian fluid of Re=50 and degrees of stenosis equal to 
0.2, 0.5, and 0.8 are simulated. The streamline of Re=50 for the three stenosis is shown in Figure 
(9) the marked effects that the degree of stenosis has on the flow field. Whereas for 0.2 degree of 
stenosis there is no vortex formed and even for 0.5 degree of stenosis there is a small recirculation 
zone, for 0.8 degree of stenosis the recirculation zone is dominant in the flow field. 
       The shear rate for non-Newtonian fluid of Re=50 and degree of stenosis equal to 0.2, 0.5 and 
0.8 is shown in Figure (10) the shear rate increases when the degree of stenosis decreases, which 
leads to adverse pressure gradient. 
        Figures (11 and 12) shows that increasing the viscosity will lead to decrease the velocity at 
the wall even for constant diameter which leads to thromboses. The increasing in the viscosity 
called the polycythaemia. This increase is due to decreases in the total volume of plasima or 
increase the total volume of the red cells. That cause deficiency of oxygen to the tissue. The 
symptoms for this case, headache, thromboses, cyanosis and itching. It is treated by blood letting 
which lead to regenerating the red cell and therefore the viscosity of blood will reduce.        
 
CONCLUSIONS 
        Mathematical models and numerical simulations offer an alternative and non-invasive tool 
for obtaining detailed and realistic descriptions of complex arterial flows. 
        A simulation of the blood flow through a stenotic arterial segment has been carried out. 
Although the important effect of unsteadiness is disregarded, this work shows the combined role 
played by the geometry and the material nonlinearity on the flow field. 
       The results demonstrate that the non-Newtonian character of the blood, in some typical 
regions, modify the flow pattern, even beyond the contracted region, reduce the shear stress at the 
wall a cross the tenosis. Therefore the presented model is able to predict the main characteristics 
of the physical flows and may have some interest in biomedical applications. An estimate of the 
characteristic parameters should be addressed on the basis of existing measurements.  
       The flow field and wall shear-stress distributions that each model induce for different 
Reynold number and degree of stenosis is investigated and results show that there are marked 
differences between simulating the blood as Newtonian and as non-Newtonian fluid. The 
rheological parameters in non-Newtonian fluid (blood) have the normal medical cases where 
increasing or decreasing these parameters, will leads to up normal  in medical cases. 
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Figure (1) Boundary condition 
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Figure (2) Flowchart for program to create  
the node grids 
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Figure (7) The velocity profiles for non-Newtonian flow for: 
(a) Re = 10 ; (b) Re = 20 ; (c) Re = 50 ; (d) Re = 300  

and for 0.8 single degree of stenosis. 
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Figure (8) Shear Rate at the wall for Re = 10, 20, 50 and 300 and single 
degree of stenosis equal to 0.8 
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Figure (10) The velocity profile for non-Newtonian flow for Re = 50 and for                  
different degrees of stenosis (a)  0.2 ; (b) 0.5 ; (c) 0.8 
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Figure (12) The velocity profile for non-Newtonian flow for Re=300, ST=0.5 
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ABSTRACT  
This research presents a method of using MATLAB in analyzing a nonhomogeneous soil (Gibson-type) by 
estimating the displacements and stresses under the strip footing during applied incremental loading 
sequences. This paper presents a two-dimensional finite element method. In this method, the soil is divided 
into a number of triangle elements. A model soil (Gibson-type) with linearly increasing modulus of elasticity 
with depth is presented. The influences of modulus of elasticity, incremental loading, width of footing, and 
depth of footing are considered in this paper. The results are compared with authors' conclusions of previous 
studies. 

  

  الخلاصة 
 ـهذا البحث يقدم طريقة       الإزاحـات  واسـطة حـساب    ب (Gibson-type)  غير متجانـســة    في تحليل تربة   MATLAB استخدام ال

في هـذه   .  الثنائية الأبعاد  المحددة صراعنالقدم طريقة   يبحث  ال اهذ.  متعاقب تحميل تزايدي  تطبيق  أثناء أساس شريطي  تحت   اتوالإجهاد

 بـشكل   د متزاي رونةم معامل ذات   (Gibson-type)ـــة  مقَدم ال نموذجالتربة  . المثلثةعناصرِ  اللتربة إلى عدد مِن     اتم تقسيم   الطريقة  

  النَتائج   . بحث ال ا في هذ   وعمق الأساس  عرضو،  المتزايدتحميل  وال  المرونة، تأثير معامل تم دراسة   . العمقمع  خطي نتمت  إنقَارتهـا م 

  .دراسات السابقةالمؤلفين من  استنتاجاتمع 
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INTRODUCTION 
 In general, the magnitude and distribution 
of the displacements and stresses in soil are 
predicted by using solutions that model soil as a 
linearly elastic, homogeneous and isotropic 
continuum. From the standpoint of practical 
considerations in engineering, anisotropic soils are 
often modeled as orthotropic or isotropic medium. 
Besides, the effects of deposition, overburden, 
desiccation, etc., can lead geotechnical media, 
which exhibit both nonhomogeneity and 
anisotropic deformability characteristics. 
 The type of elastic nonhomogeneity is a 
useful approximation for modeling certain 
problems of geotechnical interest (Selvadurai, 
1998). 
 In this work, an elastic static loading 
problem for a continuously nonhomogeneous 
isotropic medium with Young’s modulus varying 
linearly with depth is relevant. 
 The solutions of displacements and 
stresses for various types of applied loads to 
homogeneous and nonhomogeneous 
isotropic/anisotropic full/half-spaces have played 
an important role in the design of foundations. 
However, it is well known that a strip load 
solution is the basis of complex loading problems 
for all constituted materials. A large body of the 
literature was devoted to the calculation of 
displacements and stresses in isotropic media with 
the Young’s or shear modulus varying with depth 
according to the linear law, the power law, and the 
exponential law, etc. A more recent survey of the 
existing solutions for a nonhomogeneous isotropic 
is summarized in Table 1 (Wang et al., 2003). 
 A closed-form expression for a footing 
resting on a soil with stiffness linearly increasing 
with depth (Gibson, 1967) is given only for 
undrained loading (ν=0.5). To resolve drained 
loading cases with ν<0.5, finite element solutions 
were developed for estimating the displacements 
for nonhomogeneous cases (e.g. Carrier and 
Christian, 1973; and Boswell and Scott, 1975).  
 A numerical technique was used by Stark 
and Booker (1997) for the analysis of surface 
displacements of a non-homogeneous elastic half-
space subjected to vertical and/or horizontal 
surface loads uniformly distributed over an 
arbitrarily shaped area. 
 In geotechnical engineering practice, it is 
usual to consider only the change in stresses (∆σ) 
when computing displacements. 

 In practice, most foundations are flexible. 
Even very thick ones deflect when loaded by the 
superstructure loads (Bowles, 1996). 

 
- NONHOMOGENEOUS “GIBSON-
TYPE” SOIL PROFILE 
 In natural soil deposits, the variation of 
soil modulus with depth may assume any of a 
number of possible scenarios which shown in 
Table 1. Since many soils exhibit stiffness 
increasing with depth because of the increase in 
overburden stress, the displacement and stress will 
be evaluated for a Gibson type soil. A footing 
resting on a nonhomogeneous elastic medium 
with modulus increasing with depth is a more 
generalized problem (Boswell and Scott, 1975; 
and Stark and Booker, 1997). 
The variation of elastic modulus for a generalized 
Gibson soil (Gibson, 1967) is expressed by: 

 
       (1) 

 
where  = the elastic soil modulus increasing 
linearly with depth;  = Young’s modulus of 
elasticity of soil directly underneath the 
foundation base;  = linear rate of increase of 
elastic modulus with depth (units of  per unit 
depth); and  = depth, (Figure 1) (Mayne and 
Poulos, 1999; and Das, 2002). 
 
- FINITE ELEMENT ANALYSIS   
 The finite element method provides an 
extremely powerful method for the analysis of 
elastic materials. Many natural soil deposits can 
be considered to have been deposited in a 
sequence of horizontal layers and, thus, there is no 
variation of elastic properties in any horizontal 
plane. 
  One of the essential ingredients 
for a successful finite element analysis of a 
geotechnical problem is an appropriate soil 
constitutive model (Potts and Zdravkovic, 2001). 
 The advantage of an arbitrary triangular 
shape is to approximate to any boundary shape 
(Zienkiewicz and Taylor, 2000). So the triangular 
element shape is considered in this research.
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A finite element computer program for a rigid 
circular plate resting on a non-homogeneous 
elastic half-space was presented by Carrier and 
Christian (1973). 
 Boswell and Scott (1975) presented a 
finite element solution for a flexible circular 
footing resting on a semi-infinite half space. 
 In the present study, 3-noded triangles 
elements with two degree of freedom at each node 
have been used to model soil. In each increment 
of the analyses, the stress-strain behavior of the 
soil is treated as being linear, and the relationship 
between stress and strain is assumed to be 
governed by the generalized Hooke's law of 
elastic deformations, which may be expressed as 
follows for conditions of plane strain case: 
 

    

                                                                            (2) 
 
where ∆σx , ∆σy and ∆τxy = the increments of 
stress during a step of analysis; ∆εx , ∆εy and ∆γxy 
= the corresponding increments of strain; Es = the 
value of Young's modulus; and ν = the value of 
Poisson's ratio. 
 
About MATLAB   
 The MATLAB programming language is 
useful in illustrating how to program the finite 
element method due to the fact it allows one to 
very quickly code numerical methods and has a 
vast predefined mathematical library. A simple 
two dimensional finite element program in 
MATLAB need only be a few hundred lines of 
code whereas in Fortran or C++ one might need a 
few thousand (Chessa, 2002). 
 MATLAB can be very useful as a 
solution tool for the finite element method which 
Matrix and vector manipulations are essential 
parts in the method (Kwon and Bang, 1997). 
 
- The Finite Element Computer Program by 
MATLAB 
 A computer program designed by the 
authors was used in the finite element analysis 
carried out during this research. The program 
allows for triangle type of elements to be used in 

the finite element mesh in solving soil problems 
under plane conditions (strain or stress). The 
behavior of the soil can be approximated by 
Gibson model (Gibson, 1967). The model that 
is considered in this work is 
nonhomogeneous, isotropic on primary 
loading with a different modulus. 
 The sign convention for the stresses and 
the convention for numbering the nodes of 
elements are shown in Figure (2). The program 
presents the results of analysis as the 
displacements of the nodal points, and the value 
of stresses developed at the centre of each element 
at the end of each solution increment. 
 
 Figure (3) is a flowchart that illustrates 
the main features of the solution procedure 
adopted in the finite element computer program 
used. 
 
Verification of the Computer Program 
 The authors have used this program in 
different problems (Figure 4) presented by another 
researchers (e.g. Brown, 1984; and Smith and 
Griffiths,1988).  
 
 The results obtained by the program 
modified in this research were compared with 
results presented by Brown (1984); and Smith and 
Griffiths (1988). In all these comparisons, 
excellent agreement was found between the 
present work results and those published, as 
shown in Table 2. 

 
- PROBLEM GEOMETRY  
 The case study is treated as plane strain 
two-dimensional problem for simplicity when 
analyzed by the finite element method. The shape 
of elements used is the triangular element because 
of its suitability to simulate the very important 
behavior of soils under strip footing. 
 The basic problem chosen for the 
parametric study shown in Figure (5.a), involves a 
soil stratum, 21.0 m thick and 28.0 m width, of a 
silty clay soil underlaid by bedrock and loads by 
strip sequence loadings (80, 160, 240 kN/m2) with 
base width equal to 1.0 m. 
 The finite element mesh (Figure 5.b) used 
consists of 989 nodal points and 1848 triangular 
two-dimensional elements. The nodal points along
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 the bottom boundary of the mesh are assumed to 
be fixed both horizontally and vertically. The 
nodes on the right and left ends of the mesh are 
fixed in the horizontal direction while they are 
free to move in the vertical direction. All interior 
nodes are free to move horizontally and vertically. 
 
- MATERIAL CHARACTERIZATION 
 The stratum is silty clay soil and the 
properties of the soil are reported in Table 3, (Das, 
2002). The behavior of soil material is a 
nonhomogeneous elastic medium with modulus 
increasing linearly with depth.  
 
- RESULTS AND DISCUSSIONS 
 In this study, a model of silty clay soil 
was analyzed under uniformly flexible strip 
loading with soil modulus increasing linearly with 
depth. In order to develop more knowledge about 
the behavior of soils under strip loading problems, 
a parametric study is performed by varying the 
basic problem parameters and comparing these 
results with the original basic problem results. The 
results of increasing the load, constant soil 
modulus with depth, and changing the footing 
depth (Df) and width (B) are presented as follow: 

 For uniformly flexible strip loaded area 
the vertical displacement along the surface of the 
model is shown in Figure (6) and the contact 
settlement under the strip footing is shown in 
Figure (7). The settlement at the center is much 
larger than the settlement at the edge of the loaded 
area. These results agree with the results founded 
by Wu (1974) and Das (2002). Also the vertical 
displacement increases in direct proportion to the 
pressure of the loaded area, as shown in Figures 
(6) and (7), which agrees with that reported by 
Craig (1987). 
 The vertical stress contours throughout 
the soil to depth (5B) under the strip loadings (80, 
160, 240 kN/m2) with base width (B) equal to 1.0 
m are shown in Figure (8). It can be seen that the 
vertical stress values along the depth of the layer 
decrease throughout the layer for each increment 
and increase throughout the loading sequence 
stages. 

 
From the settlements at depth (4B) from 

the top of model (Figure 9), it can be seen that the 
settlement for soil with modulus increasing 
linearly with depth is less than the settlement for 

soil with constant modulus (Es = Eo = 9000 
kN/m2). The results agree with that mentioned by 
Terzaghi in Wu's book (Wu, 1974). 

 
 The immediate settlement at the center of 
the loaded area is reduced when the strip footing 
is placed at some depth (Df ≤ B) in the ground, 
depending on footing width (B), as shown in 
Figure (10). These results agree with that 
mentioned by Fox in Bowels' book (Bowles, 
1996). 

 
The vertical displacement (immediate 

settlement) increases in direct proportion to the 
width of the loaded area (size of the footing), as 
shown in Figure (11), which agrees with that 
reported by Wu (1974) and Craig (1987). 

 
CONCLUSIONS 
 The results obtained from this study can 
lead that the computer program can simulate the 
analysis of the nonhomogeneous silty clay soil 
(Gibson-type), which had a soil modulus 
increasing linearly with depth and loaded with 
incremental strip loading. 
 This paper shows how the computer 
solutions may be used to improve the prediction 
of settlements and stresses beneath a strip footing 
resting on Gibson-type soil. 

 Displacements and stresses can be 
calculated with knowledge of soil stiffness 
beneath the footing, rate of increase of soil 
stiffness with depth, soil Poisson’s ratio, depth to 
an incompressible layer, and footing width. 

The immediate settlement at the center is 
much larger than the settlement at the edge of the 
strip loaded area. The immediate settlement 
increases in direct proportion to the pressure and 
the width of the strip loaded area. The vertical 
stress values (stress bulb) under the strip loaded 
area decrease throughout the layer for each 
increment and increase throughout the loading 
sequence stages. The vertical displacement for 
soil with modulus increasing linearly with depth 
(Gibson-type) is less than the vertical 
displacement for the same soil with constant 
modulus which leads to that the soil with (Gibson-
type) modulus is more approximate simulation for 
soil modulus. The immediate settlement of the 
strip loaded area decreases when the depth of strip 
footing increases. The results compare favorably 
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with available published analytical and numerical 
solutions. 
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Table 1. Existing analytical/numerical solutions for nonhomogeneous isotropic media, (Wang 
et al., 2003) 

 
Types of nonhomogeneity Author 

Rostovtsev ; Lekhnitskii ; Popov ; Zaretsky and 
Tsytovich ; Kassir ; Rostovtsev and Khranevskaia ; 
Carrier and Christian ; Puro ; Popov ; Booker et al. ; 
Oner ; Booker ; Giannakopoulos and Suresh ; Stark 
and Booker ; Yue et al. ; Holzlohner . 
Plevako ; Chuaprasert and Kassir ; Kassir and 
Chuaprasert ; Dhaliwal and Singh ; 
Harnpattanapanich and Vardoulakis ; Rajapakse and 
Selvadurai ; Jeng and Lin . 
Gibson ; Gibson et al. ; Brown and Gibson ;  
Awojobi and Gibson ; Carrier and Christian ; 
Alexander ; Calladine and Greenwood ; Rajapakse ; 
Chow ; Rajapakse and Selvadurai ; Dempsey and Li ; 
Yue et al. . 
Ter-Mkrtich'ian ; Rowe and Booker ; Row and 
Booker ; Selvadurai et al. ; Vrettos ; Selvadurai ; 
Giannakopoulos and Suresh ; Jeng and Lin . 

 George . 

 Singh ; Dhaliwal and Singh . 

 Awojobi . 

 Gibson and Sills . 
 

 

 
Fig. 1. Variation of soil modulus with depth 
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Fig. 2. Sign convention and element numbering 
 

 
 
 
 
 

Fig. 3. Simplified flow chart of the finite element program 
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Fig. 4. Mesh and data for different problems 

 

 
Table 2. Comparison with the theoretical results 

 

Item 
considered 

Brown
results Authors results Item 

considered 

Smith and 
Griffiths 
results 

Authors 
results 

Hor. Disp. 
of  node 1 7.712 7.7122134E+000 Ver. Disp. 

of  node 2 -0.1000E-05 -1.000000E-
006 

Ver. Disp. 
of  node 3 

-
13.582 

-
1.3583206E+001

Hor. Disp. 
of  node 6 0.3000E-06 3.000000E-007 

Ver. 
Stress at 
elem. 2 

-2.461 -
2.4605374E+000

Ver. Stress 
at elem. 1 -0.1000E+01 -

1.000000E+000

Hor. 
Stress at 
elem. 2 

6.816 6.8155730E+000

 

Shear 
Stress at 
elem. 8 

0.0000E+00 0.000000E+000

 

 

(b) after Smith and Griffiths (1988).(a) after Brown (1984). 
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Fig. 5. The basic problem for the parametric study 
 

Table 3. The soil properties 
 

Eo  9000 kN/m2 
k  500 kN/m2/m 
ν 0.3 
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Fig. 7. Contact settlements under the strip loadings (80, 160, 240 kN/m2) with base 
width equal to 1.0 m 

Fig. 6. Settlements along the surface of the model under the strip loadings (80, 
160, 240 kN/m2) with base width equal to 1.0 m 
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Fig. 8. Vertical stress contours for the soil model to depth (5B) throughout the loading 

sequences 
 

 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 
 
 

 
 

 
 

Fig. 9. Settlements along the horizontal distance at depth (4B) under strip loading (80 kN/m2) 
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Fig. 11. Immediate settlements at the center of the strip loading (80 kN/m2) with 
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MO/AL2O3 CATALYST USING FIXED- AND FLUIDIZED-BED 
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ABSTRACT 

The present work reports a direct experimental comparison of the catalytic hydrodesulfurization of 
thiophene over Co-Mo/Al2O3 in fixed- and fluidized-bed reactors under the same conditions.  An 
experimental pilot plant scale was constructed in the laboratories of chemical engineering department, 
Baghdad University; fixed-bed unit (2.54 cm diameter, and 60cm length) and fluidized-bed unit (diameter of 
2.54 cm and 40 cm long with a separation zone of 30 cm long and 12.7 cm diameter). The affecting 
variables studied in the two systems were reaction temperature of (308 – 460) oC, Liquid hourly space 
velocity of (2 – 5) hr-1, and catalyst particle size of (0.075-0.5) mm. It was found in both operations that the 
conversion increases with increasing of reaction temperature, slightly decreases with increasing of liquid 
hourly space velocity and not affected by particle size. Also a kinetic analysis was performed for thiophene 
hydrodesulfurization reaction in fixed bed reactor and the results indicate that the reaction kinetics are not 
affected by pore and film diffusion limitations. The results of the comparison between the two reactors 
indicate that a low conversion was obtained in a fluidized bed than in fixed bed over the range of conditions 
studied. The lower conversion can be attributed to the gas that bypasses the bed in the form of bubbles or 
channels. 

KEYWORDS: Thiophene, Hydrodesulfurization, Fixed- bed reactor, Fluidized-bed reactor. 

 الخلاصة

 مولبيديوم –وفين لازالة الكبريت بوجود عامل مساعد صلب وهو الكوبولت تم في هذا البحث دراسة تفاعل هدرجة الثي
تم بناء . وذلك في نوعين من المفاعلات وهما المفاعل ذو الطبقة الثابتة والمفاعل ذو الطبقة المميعة.المحمل على الالومينا

 2,54ذو قطر (مفاعل الطبقة المميعة و)  سم60 سم وطول 2,54ذو قطر (منظومتين ريادية مكونة من مفاعل الطبقة الثابتة 
الهدف من هذا الدراسة هو مقارنة اداء آل من هذين المفاعلين تحت نفس الضروف من درجة حرارة )  سم40سم مطول 

استخدمت ثلاث مديات لحجم جسيمة العامل (، وحجم جسيمة العامل المساعد 1- سا) 5-2( وسرعة حجمية هم) 460- 308(
  ).ملم) 5 – 2 (1(بالاضافة للحجم الاصلي ، ملم) 0,5 – 0,3(، ملم) 0,3 – 0,15(، ملم) 0,15 – 0,075:(المساعد

اظهرت النتائج في تجارب المفاعل ذو الطبقة الثابتة تأثر التحول آثيرا بتغيير درجة حرارة التفاعل حيث يزداد التحول بزيادة 
آذلك ضهرت نتائج مشابهة . جمية ولا يتأثر بتغيير حجم جسيمة العامل الساعددرجة الحرارة ويتأثر قليلا بتغيير السرعة الح

استنتج من هذه النتائج ان حرآية تفاعل هدرجة الثيوفين بوجود العامل المساعد . في تجارب المفاعل ذو الطبقة المميعة
) داخل المسامات(جسيمة العامل المساعد  موليبيديوم المحمل على الالومينا لا تتأثر بمقاومة الانتشار الداخلي ل- الكوبلت 

  ).الانتشار الغشائي(وآذلك لا تتأثر بمقاومة الانتشار الخارجي للجسيمة 
اظهرت النتائج حصول تحول اقل في المفاعل ذو الطبقة المميعة عنه في المفاعل ، بصورة عامة وبمقارنة الاداء بين المفاعلين
من الغاز المتفاعل الداخل خلال فقاعات او قنوات في طور الفقاعات ولا يمر على ذو الطبقة الثابتة وذلك بسبب مرور قسم 

 .العامل المساعد في الطور المستحلب في المفاعل ذو الطبقة المميعة
 



A.A-K Mohammed                                                     Hydrodesulfurization Of Thiophene Over Co-Mo/Al2O3              
S. H. Ammar                                                               Catalyst Using Fixed- And Fluidized-Bed Reactor              

 
 

 93

INTRODUCTION 

Reactant fluid can be made to contact 
solid catalyst in many ways, and each has its 
specific advantages and disadvantages. The 
contacting patterns may be divided into two broad 
types, the fixed-bed reactors and the fluidized-bed 
reactors. The moving-bed reactor is an 
intermediate case which embodies some of the 
advantages and some of the disadvantages of 
fixed-bed and fluidized-bed reactors [1]. 

In comparison merits of these reactor 
types; in passing through fixed bed, fluid 
approximate plug flow. It is quite different with 
bubbling fluidized beds where the flow is 
complex and not well known, but certainly far 
from plug flow, and with considerable bypassing. 
This behavior is unsatisfactory from the 
standpoint of effective contacting and requires 
much more catalyst for high gas conversion, and 
greatly depresses the amount of intermediate 
which can be formed in series reactions. Hence, if 
efficient contacting in a reactor is of primary 
importance, then the fixed bed is favored [2]. 

Effective temperature control of large 
fixed beds can be difficult because such systems 
are characterized by a low heat conductivity. Thus 
in highly exothermic reactions hot spots or 
moving hot fronts are likely to develop which 
may ruin the catalyst. In contrast with this, the 
rapid mixing of solids due to bubbles and strong 
turbulent flow in fluidized beds allows easily and 
reliably controlled, practically isothermal, 
operations. So if operations are to be restricted 
within a narrow temperature range, either because 
of the explosive nature of the reaction or because 
of product distribution considerations, then the 
fluidized bed is favored. Fixed beds cannot use 
very small sizes of catalyst because of plugging 
and high-pressure drop, whereas fluidized beds 
are well able to use small-size particles. Thus for 
very fast reactions in which pore and film 
diffusion may influence the rate, the fluidized bed 
with its vigorous gas-solid contacting and small 
particles will allow a much more effective use of 
the catalyst [3]. 

If the catalyst has to be treated 
(regenerated) frequently because it deactivates 
rapidly, then the liquid-like fluidized state allows 
it to be pumped easily from unit to unit. This 
feature of fluidized contacting offers 

overwhelming advantages over fixed bed 
operations for such solids [4]. 

AIM OF THE PRESENT WORK 

The objective of the work presented in 
this paper can be summarized as follows: 

• Investigating the effect of 
fluidization on HDS reaction and 
comparison between the 
performances of fixed- and 
fluidized-bed reactors.  

• The effect of the variables 
temperature, 308 – 460 oC, liquid 
hourly space velocity (LHSV), 2 – 
5, and catalyst particle size, were 
studied in both types of reactors on 
the HDS conversion.  

EXPERIMENTAL 

(I) MATERIALS 
- Feed 

Thiophene, C4H4S of 99.9% purity 
(supplied from Fluka AG, Chem. 
Company) was used as a raw 
material for catalytic 
hydrodesulfurization process 
(molecular weight, 84; density, 
1.071 gm/cm3 at 16 oC; and boiling 
point, 84.1 oC). 

-Catalyst 
Cobalt Molybdenum supported on 
Alumina (HR-306), supplied from 
Middle Refineries Company, 
Baghdad was used as 
hydrodesulfurization catalyst. The 
physical and chemical properties 
of catalyst HR-306 are mentioned 
in Table (1). The catalyst was 
activated by heating in hydrogen 
to 350 oC and stabilized (sulfide) 
with thiophene and H2 for about 2 
hr. 

 
- Gases 

Hydrogen with purity of 99.9 % 
supplied from Middle-Electric 
General Company, Baghdad was 
used in Thiophene 
hydrodesulfurization process. High 
grade quality (purity 99.9 %) of 
nitrogen obtained from Al-Mansor 
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factory, Baghdad was also used in 
this investigation. Nitrogen was 
used in the beginning in order to 
ensure good temperature 
distribution in the reactor, to purge 
the air from the reactor and at the 
end of experiment to purge off the 
gases from all the system. 

 
- UNITS AND PROCEDURE 
-Fixed bed system 

The series of fixed bed runs were 
made in a conventional continuous flow 
fixed bed catalytic reactor unit.  Schematic 
flow diagram of the experimental system is 
given in Figures 1. The equipment can be 
divided functionally into five parts, liquid 
feed dosing pump, gases feed, evaporator/ 
preheating, reactor system, and 
condensation/separation. 

The fixed bed reactor consisted of a 
carbon steel tube (2.54 cm diameter, and 
60cm length) which was charged for each 
experiment with about 22 gm (25.7 cm3) 
sample of catalyst and placed in the middle 
zone while the upper and lower zones were 
filled with inert glass balls and work as a 
preheaters. The reactor was heated by four 
steel- Jacket heaters. Temperatures in the 
reactor were measured by thermocouples at 
three positions. The thermocouples measured 
the temperature profile along full length of 
reactor. 

Before each run a 10-min nitrogen 
pretreatment was employed to purge the air 
from the system and for catalyst 
conditioning. The reactor is heated to the 
desired reaction temperature, and after 
reaching that temperature, the nitrogen valve 
was closed. After catalyst pretreatment, 
liquid thiophene feed was pumped by a 
dosing pump to the evaporator at the 
prespecified rate. The evaporator consists of 
coil tube (10m long with 5mm i.d). The heat 
was supplied by using 6 kW electrical 
heaters to vaporize and heat the feed to the 
desired temperature controlled by voltage 
regulator.  

Thiophene vapor feed was mixed 
with hydrogen and then passed through the 
upper preheater and in downflow through the 
reactor, distributed uniformly and reacted on 

the catalyst. The vapor of product passed 
through the condenser and the condensates 
were collected. The reaction was allowed to 
proceed continuously for 30 min to permit 
the system to achieve a steady state 
conversion, pressure, and temperature. 
During this time the liquid product went to 
the waste-product receiver. After that liquid 
samples characterizing the run were taken 
over the next 20 min period. At the end of 
the sampling period the liquid product stream 
was switched to waste and the feed valves 
shut off. 

Some gas product samples were 
analyzed by the gas chromatography analysis 
(Packard 438A located in Ibn-Sina State 
Company), thiophene was not detected in the 
gas product stream; it was present in liquid 
product stream only. Therefore, the 
percentage conversion of HDS reaction can 
be calculated simply from equation 1. 

  (1) 

Where VAo is the liquid thiophene feed 
volume within (ml) and VA is unreacted 
thiophene volume (ml) after the same 
period.  

As preliminary experiments, the 
effect of duration time (time-on-stream) on 
catalyst activity was examined at 
temperature, 411 oC; LHSV 2 h-1; catalyst 
particle size, 1* (2-5) mm and atmospheric 
pressure. The catalytic hydrodesulfurization 
reaction conditions employed in fixed-bed 
runs were reaction temperature of (308-460) 
oC, LHSV of (2 – 5) hr-1, and  Catalyst 
particle size ranges of 1* (2-5) mm, (0.5-0.3) 
mm, and (0.3-0.15) mm. 

-Fluidized bed system 

The fluidized runs were performed in 
an experimental fluidized bed reactor unit. 
Figure 2 shows the schematic flow diagram 
of the unit. The unit consisted of a thiophene 
storage tank, dosing pump, electrical 
evaporator, preheater to preheat the 
thiophene vapor and hydrogen mixture, 
fluidized bed reactor to contact the feed 
mixture and catalyst, condenser/separator to 
condensate and separate the unreacted  
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thiophene, and control and power supply box. 

The fluidized bed reactor was made 
from stainless-steel with diameter of 2.54 cm 
and 40 cm long with a separation zone of 30 
cm long and 12.7 cm diameter. The reactor 
was heated electrically and the temperature 
was measured using thermocouples at two 
positions. 

Perforated plate made from stainless 
steel with 0.5 mm thickness was used as a 
distributor. The distributor plate designed so 
as to make a free area of flow of 4.18% of 
the total area. The number of holes equal to 
27 hole, with a hole diameter of 1 mm. A 
layer of a fine mesh screen was placed on the 
distributor to prevent the plugging of the 
distributor holes by the solid particles.  

Before a run was started, the desired 
amount of catalyst was placed in the reactor 
and the equipment heated while nitrogen was 
passed upflow through the reactor. The 
desired amount of liquid thiophene was 
pumped by dosing pump to the evaporator 
and the vapor of thiophene was mixed with 
hydrogen then the mixture was preheated and 
entered the reactor from the bottom through 
the distributor. The reaction was allowed to 
proceed continuously for about 30 min to 
permit the system to achieve a steady state 
operation. After that liquid samples 
characterizing the run were taken over the 
next 20 min period. 

The experimental conditions of 
fluidized-bed runs were L/D ratio of (2 – 8), 
reaction temperature of (308-460) oC, LHSV 
of (2 – 5) hr-1, and catalyst particle size 
ranges of (0.075-0.15) mm, (0.15-0.3) mm, 
and (0.3-0.5) mm. As a preliminary study, 
some experiments were performed to 
investigate the ratio of superficial gas 
velocity to minimum fluidization velocity 
(uo/umf) on conversion by changing L/D ratio. 

Minimum fluidizing velocity 
experiments were carried out in a Q.V.F. 
glass column of 2.54 cm diameter and 40 cm 
long with a separation zone of 30 cm long 
and 12.7 cm diameter. 

 

RESULTS AND DISCUSSION 

FIXED BED RUNS 
Catalyst activity  

The catalytic activity (time on stream 
study) of Co-Mo/Al2O3 catalyst for the HDS of 
thiophene was examined in fixed bed reactor at 
temperature of 411 oC, catalyst particle size of 
1*(2-5) mm, H2 / thiophene mole ratio of 10, and 
LHSV of 2 hr-1. Figure 3 shows the relationship 
between the conversions and duration time. 

At first the catalyst activity increases with 
time during the first hour of operation properly 
due to the enhancement in catalyst activity by 
sulfiding the surface of catalyst with H2S 
produced by reaction. This trend in HDS activity 
clearly indicates that the surface of the catalyst 
evolves into a more active structure during the 
course of the reaction. This results permit to 
conclude that during the reaction there is a surface 
sulfiding which conducts to the formation of a 
more active phase. Following the activity is then 
decreases until about 2 hr because of the 
accumulation of carbonaceous deposits on the 
catalyst surface. Then steady state activities were 
obtained after 2 hour of operation and remain 
substantially constant over a long period of time.  

The same results of catalyst activity for 
catalytic HDS of thiophene over Co-Mo/Al2O3 
was also observed and stated in previous studies 
of Kolboe and Amberg [5] and Van Parijs and 
Fromen [6].    

Effect of liquid hourly space 
velocity (LHSV) 

The effect of LHSV on thiophene 
conversion was determined at different reaction 
temperatures (308 to 460 oC), catalyst particle size 
of 1*(2-5) mm, and H2 / thiophene mole ratio of 
10. As shown in figure 4 the results showed that 
the LHSV has small effect on the conversion.  At 
LHSV of 2 h-1 and temperature 308 oC, the 
conversion is 56.7% and at LHSV of 5 h-1 and the 
same temperature the conversion decreases to 
45%.  

As the LHSV increases thiophene 
conversion slightly decreases which means 
that the film diffusion has no effect on the 
reaction



Journal of Engineering Volume 17 February 2011      Number1    
 

 96

kinetics. These observations agree well with the 
results of Ghanbari et al. [7].   

- Effect of Temperature 

As shown in figure 5 the conversion 
increases as the temperature increases. At 308 oC 
and constant LHSV of 2 h-1, the conversion is 
56.7% while at 460 oC using the same LHSV the 
conversion reaches 78%. This is attributed to the 
increase of active sites that can be used for the 
reaction when the temperature increases. These 
observations agree well with the results of Kolboe 
and Amberg [5]. 

Effect of particle size 

 Three different particle size ranges of 
catalyst were used for investigation of pore 
diffusional limitation on the reaction kinetics of 
thiophene HDS. In this set of experiments the 
conversion of reaction was measured with 
different LHSV and at temperature of 360 oC. The 
results of these tests are shown in figure 6. As 
shown from this figure, the change in particle size 
range of catalyst is not affect the conversion. This 
indicates that the mass transfer resistance spring 
from pore diffusion has no effect on the reaction 
kinetics. This is the same observation of Ghanbari 
et al [7]. 

FLUIDIZED BED RUNS 
The estimation of the minimum 
fluidization velocity 

The pressure drop as a function of gas 
velocity was measured in order to obtain the 
values of minimum fluidization velocity for three 
particle sizes of catalyst, which differs from one 
size to another. Figures 7, 8, and 9 show the 
experimental determination of minimum 
fluidization velocity from the relation of bed 
pressure drop with air superficial velocity for the 
particle sizes of (0.075-0.15), (0.15-0.3) and (0.3-
0.5) mm respectively. The values of minimum 
fluidization velocities become higher as the 
particle size increases, because of voidage 
increasing, which increases the quantities of the 
gas of necessary to fluidize these particles. Table 
2 shows the experimental values of minimum 
fluidization velocity for the three particle sizes 
ranges. 

Effect of superficial gas velocity  

For investigation of the ratio of superficial 
gas velocity to minimum fluidization velocity 
(uo/umf) on conversion, experiments were 
performed at different L/D ratio to vary the uo/umf 
ratio at constant LHSV. The experimental 
conditions of these tests are LHSV of 2 hr-1, 
reaction temperature of 360 oC, catalyst particle 
size range of (0.075-0.15) mm, and H2/thiophene 
mole ratio of 10.  

It is seen from figure 10 that conversion is 
slightly affected by the inlet gas velocity, even the 
uo/umf ratio increases to eight times, the 
conversion has not varied significantly. Therefore 
one value of L/D ratio will be selected (L/D = 2) 
for the variation of LHSV experiments. 

Effect of LHSV 

The effect of LHSV on conversion in 
fluidized bed reactor was studied at different 
reaction temperature (308 to 460 oC), different 
particle size, L/D ratio of 2, and H2/thiophene 
mole ratio of 10. Figures 11, 12, and 13 show the 
effect of LHSV on conversion at particle sizes of 
(0.075-0.15) mm, (0.15-0.3) mm, and (0.3-0.5) 
mm respectively. As shown in these figures, the 
conversion slightly decreases with increasing of 
LHSV. The same results were obtained in fixed 
bed operation and this means that the reaction rate 
is not affected by film diffusion step. 

Effect of Temperature  
Figure 14 shows the effect of temperature 

on conversion at different particle sizes and 
LHSV of 2 hr-1. The conversion increases as the 
temperature increases. This may be attributed to 
the increase of active sites that can be used for the 
reaction when the temperature increases. 

Effect of Particle size  
Figure 15 shows the effect of catalyst 

particle size ranges on thiophene conversion. It is 
clear from this figure that the particle size of 
catalyst does not affect the thiophene conversion. 
The same results were obtained in fixed bed 
operation.  
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Comparison between the 
performances of fixed- and 
fluidized-bed operation  

Figures 16, 17, 18, and 19 show the 
comparison between fixed- and fluidized-bed 
reactors at temperatures of 308, 360, 411, and 460 
oC respectively.  As shown in these figures the 
experimental results show that for HDS of 
thiophene over the range of conditions studied a 
lower conversion is obtained in a fluidized bed 
than in fixed bed. This is in agreement with the 
results of all workers [8-18] who also obtained 
lower conversion in their fluidized beds. The 
lower conversion can be attributed to the gas that 
bypasses the bed in the form of bubbles or 
channels and strong backmixing for both particles 
and gas [7, 11]. 

Anyway the experimental results indicate 
that there is indeed a range of gas velocity where 
there is a minimum deviation of fluidized- from 
fixed-bed conversion. Figures 16, 17, 18, and 19 
show this phenomenon where the optimum 
velocity exists for the closest approach of the 
fluidized conversion to the fixed bed result, which 
is between 3 and 4 h-1 LHSV for the system 
investigated.  

At relatively low gas velocities (low 
LHSV), channeling may take place in all or part 
of the bed. When a bed is channeling most of the 
gas is blowing through holes in a settled or 
bridged layer of particles. Some of the gas may be 
flowing through this settled layer but there is no 
continual agitation of the particles. Continued 
increase in gas velocity brings a corrective action 
in the turbulent intermixing between the dense 
and bubble phases which limits the nonuniformity 
of gas and catalyst composition and thus tends to 
bring the conversion closer to that for the fixed 
bed operation [10, 11]. 

CONCLUSIONS 

The following conclusions are deduced: 
• In the time on stream study, the 

catalyst activity increases with 
time of operation properly due to 
the enhancement in catalyst 
activity by sulfiding the surface of 
catalyst with H2S produced by 
reaction. Then the activity 

decreases because of the 
accumulation of carbonaceous 
deposits on the catalyst surface. 
Finally, steady state activities were 
obtained after 2 hour of operation 
and remain substantially constant 
over a long period of time.  

• In both reactor types, the 
conversion increases with 
increasing of reaction temperature, 
slightly decreases with increasing 
of liquid hourly space velocity (the 
hydrodesulfurization reaction of 
thiophene over Co-Mo/Al2O3 is 
not influenced by film diffusion 
limitation) and not affected by 
catalyst particle size (the reaction 
is not influenced by pore diffusion 
limitation). 

• The results indicate that a low 
conversion was obtained in a 
fluidized bed than in fixed bed 
over the range of conditions 
studied. The lower conversion can 
be attributed to the gas that 
bypasses the bed in the form of 
bubbles or channels and strong 
backmixing for both particles and 
gas. 
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Table 1: Properties of catalyst HR-306 

Surface area (m2/gm) 280 
Pore volume (cc/gm) 0.55 
Cobalt (wt %) 4 
Molybdenum (wt %) 12 
Density (g/cm3) 0.6 
Manufacturer  Procatalyse 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 Fig. 1 Schematic flow diagram of the fixed bed reactor unit: (1) Feed reservoir; (2) Metering 

buret; (3) Dosing pump; (4) Evaporator; (5) One way valve; (6) Reactor system; (7) Temperature 
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Fig. 3 Hydrodesulfurization of Thiophene over Co-Mo/Al2O3 at 411oC (fixed bed 
operation). 

 

Fig. 4 Effect of LHSV on thiophene conversion at different temperatures (fixed bed operation) 

Fig. 2 Schematic flow diagram of the fluidized bed reactor unit: (1) Feeding tank; (2) Dosing pump; (3) Evaporator; (4) Gas 
flow meter; (5) One way valve; (6) Preheater; (7) Fluidized bed reactor; (8) Condenser; (9) Gas-liquid separator; (10) Chiller; 
(11) Control and power supply box; (12) Valve. 
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Fig. 5 Effect of Temperature on Thiophene Conversion at LHSV 2 hr-1 (fixed bed operation). 

 

Fig. 6 Effect of Catalyst particle size on Thiophene Conversion at different LHSV and at temperature of 360 oC (fixed bed operation). 
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Fig, 7 Relationship between bed pressure drop and 
superficial velocity for particle size of (0.075-0.15) mm. 
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Fig. 8 Relationship between bed pressure drop and 
superficial velocity for particle size of (0.15-0.3) mm. 
. 

Table 2 Experimental values of minimum 
fluidization velocity 

Particle size (mm) umf (cm/s) 
0.075-0.15 6.04 
0.15-0.3 9.974 

0.3-0.5 24.5 
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Fig. 9 Relationship between bed pressure drop and 
superficial velocity for particle size of (0.3-0.5) mm. 
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Fig. 10 Effect of uo/umf ratio on conversion (fluidized bed operation). 

 

Fig. 11: Effect of LHSV on conversion at different temperatures and at particle size of (0.075-0.15) mm (fluidized bed operation). 

 

Fig. 12: Effect of LHSV on conversion at different temperatures and at particle size of (0.15-0.3) mm (fluidized bed operation). 

 

Fig. 13: Effect of LHSV on conversion at different temperatures and at particle size of (0.3-0.5) mm (fluidized bed operation). 

 

Fig. 14: Effect of temperature on conversion at different particle size and at LHSV of 2 hr-1 (fluidized bed operation). 
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Fig. 15: Effect of particle size on conversion at different LHSV and at temperature of 360 oC (fluidized bed operation). 

 

Fig. 16 Conversion as a function of LHSV for fluidized operation compared with fixed bed operation at temperature of 308 oC. 

 

Fig.17 Conversion as a function of LHSV for fluidized operation compared with fixed bed operation at temperature of 360 oC. 

 
Fig. 18 Conversion as a function of LHSV for fluidized operation compared with fixed bed operation at temperature of 411 oC. 

 

Fig.19 Conversion as a function of LHSV for fluidized operation compared with fixed bed operation at temperature of 460 oC. 
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EXPANDED BED ADSORBER 
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ABSTRACT 
Treatment of a high strength acidic industrial wastewater was attempted by activated carbon 
adsorption to evaluate the feasibility of yielding effluents of reusable qualities. The experimental 
methods which were employed in this investigation included batch and column studies. The 
former was used to evaluate the rate and equilibrium of carbon adsorption, while the latter was 
used to determine treatment efficiencies and performance characteristics. Fixed bed and expanded 
bed adsorbers were constructed in the column studies. 
In this study, the adsorption behavior of acetic acid onto activated carbon was examined as a 
function of the concentration of the adsorbate, contact time and adsorbent dosage. The adsorption 
data was modeled with Freundlich and Langmuir adsorption isotherms. 
The amount of acetic acid adsorbed increased with the decrease in initial concentration of acetic 
acid and increased with the increase in contact time and adsorbent dose. The effects of various 
important and influencing parameters such as flow rate, bed height, inlet adsorbate concentration 
on breakthrough curve are studied in details in the column studies.    

                                                                                                                                                                              
KEYWORDS: Acetic acid removal, expanded bed adsorber, wastewater treatment, 
adsorption on activated carbon.  

 
 الخلاصة:

 العالية الحموضةبواسطة الامتزاز على الكاربون المنشط واستخدمت طريقة الامتزاز تصريفتم في هذه الدراسة معالجة مياه ال
حيث استخدمت الاولى لايجاد معدل وعلاقة الامتزاز لحامض الخليك . ذو الدفعات وباستخدام الاعمدةالثابتة والمتمددة

المتغيرات التي تم دراستها هي ترآيز . ستخدمت الثانية لايجاد آفاءة عملية المعاملة وايجاد الاداءعلىاالكاربون المنشط بينما ا
بينت النتائج بان آمية حامض . استخدمت علاقة فرويندلش ولنكمير لتمثيل النتائج. المادة الممتزة والزمن وآمية المادة المازة

  .ي للحامض وتزداد مع زيادة زمن التماس وآمية المادة المازةالخليك الممتزة تزداد مع نقصان الترآيز الابتدائ
اما بالنسبة للدراسة باستخدام الاعمدة فان تاثير معدل الجريان وارتفاع الحشوة وترآيز المادة الممتزة على منحني المقاومة تم 

  .دراستها بالتفصيل
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INTRODUCTION 
      Wastewater, containing organic 
compounds, causes great problems. Most of 
the organic compounds like phenols, amines 
and acids are classified as priority pollutants, 
which are to be removed from water and 
wastewater. A wide range of industrial 
effluents, especially from rubber, 
pharmaceutical, food processing, agro-
chemical industries, municipal sewage, 
agricultural run-offs, decaying vegetables 
and animals are the major sources of organic 
carboxylic acid (Kannan and Xavier, 2001; 
Kannan, and Murugavel, 2008).  
      Carboxylic acids also applied in 
conservation and disinfections in the textile 
and tanning industries. During their use, a 
significant amount of these acids get into 
wastewater currents, finishing up in residual 
wastewaters (Alessandra et al., 2004). 
      Whereas the separation of acetic acid 
from water by conventional distillation is 
economic at concentrations exceeding 70 
wt%, for low concentrations in water (below 
5 wt %), adsorptive separations can provide 
a viable option (Ganguly and Goswami, 
1996). 
      Activated carbon is the most well known 
and widely used commercial adsorbent in 
water purification. The adsorption on 
activated carbon posses some advantages 
over other technologies due to the possibility 
of recovering a pure, high removal 
efficiency at low concentration and low 
energy (Benkhedda et al.,  2000). 
        The most common reason for using 
expanded bed adsorber in this study is to 
obtain vigorous agitation of the solids in 
contact with the fluid, leading to excellent 
contact of the solid and the fluid and the 
solid and the wall. This means that nearly 
uniform concentrations can be obtained 
(McCabe et al., 2001). 
      Both batch and column-type carbon 
adsorption operations were employed in this 
investigation. The batch test was conducted 
to evaluate the adsorption rate and capacity. 

The column operations were conducted in 
two different manners, fixed-bed and 
expanded. A comparison of the treatment   
efficiency and performance characteristics 
between the two different modes of carbon 
adsorption was made. 
 
EXPERIMENTAL PROCEDURE 
      The adsorbent used in this study was a 
granular activated carbon. The 
characteristics of this carbon are reported in 
Table 1. 
 
ADSORPTION ISOTHERM 
MEASUREMENTS 
      A stock solution of acetic acid (0.2 N) 
was prepared and diluted to the required 
initial concentrations (C0 range: 600-6000 
ppm). Equilibrium studies were made at 
room temperatures by employing the batch 
adsorption technique. Weighed amounts of 
activated carbon (12-28 gm/l) were taken in 
conical flasks containing 50 ml of aqueous 
solutions of acetic acid of known 
concentration. The flasks were stoppered 
and attached to a mechanical shaker for a 
specified period of contact time (range: 5-45 
min). After equilibrium, the aqueous phase 
was filtered and titrated with sodium 
hydroxide (0.25 N) to determine the 
equilibrium concentration of the acetic acid. 
The indicator used was phenolphthalein 
(0.5%). 
 
COLUMN STUDIES 
      The schematic representation of 
experimental set-up is shown in Fig. (1); it 
consists of a glass column of 2.45 cm 
internal diameter and a height of 75 cm. The 
column was packed with activated carbon 
(0.5) mm in diameter, to a height of 8 cm. 
The activated carbon particles are supported 
by a wire mesh fitted at the column bottom. 
The liquid from the storage tank was 
pumped through a rotameter connected on 
the line.
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      The flow rate of wastewater was (50) 
l/hr. the effluents from the bed were 
analyzed for acetic acid content by titration 
with NaOH at chosen intervals of time until 
breakthrough occurs. The minimum 
fluidized velocity for particles (Vmf) had 
been estimated to be (5.17×10 - 4 m/s) using 
the following equation (Ramaswamy et al, 
2008): 
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         (1)                  
Another set of experiments were made using 
closed circuit expanded bed in which liquid 
was continuously recycled through the 
system as shown in Fig. (2).  
 
RESULTS AND DISCUSSION 
Adsorption Isotherms 
      Among the many models of isotherms of 
adsorption found in the literature involving 
aqueous solutions, the experimental data of 
equilibrium of this study were correlated 
with Freundlich and Langmuir models 
described below in Eqs. (2) and (3) 
respectively, (Adamson, 1960; Alessendra, 
2005) 
Freundlich isotherm:  
   ( ) ee Cnkq logloglog +=     (2)  
 
Langmuir isotherm:  

          
a

C
abq

C e

e

e +=
1

             (3) 

Where, k and n are the constants of 
Freundlich related to the capacity and 
intensity of the adsorption; qe is the amount 
of acid adsorbed per unit weight of the 
adsorbent , Ce is the  equilibrium 
concentration of acid (ppm), a and b are the 
constants of the Langmuir model that 
represents the capacity and the energy of 
adsorption. 
The values of k and n were obtained from 
the linear correlation of log qe against log Ce 
and the Langmuir constants were also 
determined from the linear correlation of Ce/ 

qe against Ce. The isotherm parameters along 
with the correlation coefficients are 
represented in Table 2. The observed linear 
relationships of Figs. (3) and (4) confirm 
that these two adsorption isotherms are 
applicable. The applicability of Langmuir 
isotherm model indicates the formation of 
monolayer coverage of adsorbate on outer 
surface of the adsorbent (Ghosh and Philip, 
2005). Further, the essential characteristics 
of the Langmuir isotherm can be described 
by a separation factor RL, which is defined 
by (Weber and Chakravorti, 1974): 

   ( )01
1

Cb
RL +

=                       (4) 

The separation factor RL indicates the 
isotherm’s shape and the nature of the 
adsorption process as unfavorable (RL>1), 
linear (RL=1), favorable (0< RL< 1) and 
irreversible (RL=0). In the present study the 
value of RL being 0.381 indicating that the 
sorption process is favorable. 
 
EFFECT OF CONTACT TIME 
In the adsorption systems contact time plays 
an important role. In order to study the 
kinetics and dynamics of adsorption of 
acetic acid by activated carbon, the 
adsorption experiments were conducted and 
the extent of removal of acetic acid was 
obtained by varying the contact time (range 
5-45 min) at fixed concentration of acetic 
acid (600 ppm) with a fixed dose of 
adsorbent (20 g/l). 
 Fig. (5) indicates that the removal of acetic 
acid by activated carbon is rapid at the initial 
period and becomes slow, stagnant and then 
decreases with the increase in contact time. 
The relative increase in the extent of 
removal of acetic acid is very low after 30 
min of contact time, which is fixed as the 
optimum contact time. This indicates that 
the rate of removal of acid is higher in initial 
stages, due to the availability of adequate 
surface area of the adsorbent, and with 
increase in contact time, due to decrease of 
surface area availability, the adsorption 
decreases. The decrease in the extent of 
removal of acid after 30 min of contact time 
maybe due to the desorption process. Similar 
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results have been reported for the removal of 
acids by Ramu et al, 1992.  
 
 
EFFECT OF DOSE OF 
ADSORBENT 
The percentage removal of acetic acid by 
adsorption was obtained with various doses 
of adsorbent (range: 12-28 g/l) with initial 
concentration of acetic acid (600 ppm) and 
contact time (30 min). 
Fig. (6) shows that the amount removal of 
acid increases exponentially with increase in 
dose of adsorbent. This maybe due to the 
increase in availability of active sites due to 
the increase in the effective surface area 
resulting from increase in dose of adsorbent 
especially at higher adsorbent doses. Similar 
observation has been reported by McKay et 
al, 1983; Annadural and Krishnan, 1997 and 
Kannan and Xavier, 2001. 
 
OPEN CIRCUIT EXPANDED BED 
BREAK-THROUGH CURVE 
Successful design of a column adsorption 
process requires prediction of the 
concentration-time profile or breakthrough 
curve for the effluent. The maximum 
adsorption capacity of an adsorbent is also 
needed in design.  
There are many factors that affect the 
adsorption capacity in the column such as 
flow rate, bed depth and influent 
concentration. 
Effect of Inlet Concentration 
The effect of inlet adsorbate concentration 
on effluent concentration is shown in Fig. 
(7). 
The inlet adsorbate concentrations 
considered are 6000, 3000 and 1500 ppm. 
During these studies other parameters such 
as bed height and flow rate are kept 
constant. For higher feed concentration, 
steeper breakthrough curves are found, 
because of the lower mass-transfer flux from 
the bulk solution to the particle surface due 
to the weaker driving force. In addition, at 
high concentration, the isotherm gradient is 

lower, yielding a higher driving force along 
the pores. Thus the equilibrium is attained 
faster for values of higher adsorbate 
concentration (Babu and Gupta, 2004). 
.  
Volesky and Prasetyo (1994) reported that 
the driving force for adsorption is the 
concentration difference between solute on 
the sorbent and the solute in the solution. So 
at high concentrations the activated carbon 
becomes more quickly saturated, thereby 
decreasing the breakthrough time. 
 
EFFECT OF FLOW RATE 
The results for different solution flow rates 
are plotted for a bed height of 8 cm and an 
inlet adsorbate concentration of 3000 ppm in 
Fig. (8). The flow rates considered are 50, 
75 and 100 l/hr. Fig. (8) reveals that as the 
flow rate increases, the breakthrough curve 
becomes steeper. This is because of the 
residence time of the solute in the column, 
which is not long enough for adsorption 
equilibrium to be reached at high flow rates. 
So at high flow rate the adsorbate solution 
leaves the column before equilibrium occurs 
(Babu and Gupta, 2004). 
 
EFFECT OF BED HEIGHT 
The effect of bed height on the effluent 
adsorbate concentration is presented for flow 
rate 50 l/hr and inlet adsorbate concentration 
of 3000 ppm in Fig. (9).The bed heights 
considered are 8 and 12 cm. It is observed 
that at smaller bed height the effluent 
adsorbate concentration ratio increases more 
rapidly than for a higher bed height. 
Furthermore, the bed is saturated in less time 
for smaller bed heights. Smaller bed height 
corresponds to less amount of adsorbent, so 
the adsorbent gets saturated early (Huang 
and Hardie, 1971). 
 
COMPARISON BETWEEN 
EXPANDED BED AND FIXED BED 
ADSORBERS 
In order to compare the relative treatment 
between the expanded bed and fixed bed 
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adsorbers, the solution was forced 
downward through the fixed bed with a 
controllable flow rate 
(50 l/hr) and initial concentration of 3000 
ppm. 
In a packed bed, the adsorbent particles are 
stationary and liquid flow through the bed 
approximates to plug flow. In contrast, due 
to the mixing of the adsorbent, a fluidized 
bed would be expected to show an inferior 
adsorption performance compared with the 
packed bed. The conclusion is already drawn 
from Fig. (10), which is in agreement with 
the work of Shahavi et al, (2008). 
In addition, in up flow adsorption column, 
the contact between adsorbent and adsorbate 
are better compared to down flow mode-Up 
flow mode was selected to minimize the 
channeling effects inside the column. 
 
CLOSED CIRCUIT EXPANDED 
BED 
Effect of Inlet Concentration 
Three initial concentrations of acetic acid in 
water were tested: 6000, 3000 and 1500 
ppm, for a constant flow rate of 50 l/hr.  
The closed circuit fluidized bed was 
adequately modeled as stirred batch 
adsorption equipment. The intense pump 
recycling rate produces similar mixing 
effects as those of a mechanical device, 
which supports this strategy. It is well 
established that adsorption rates are 
generally fast higher than other rates (e.g., 
diffusion of mass and heat) in such systems. 
Physical adsorption, the topic of this work, 
is particularly very fast. On this basis it will 
be assumed that at any time during 
adsorption, a condition close to equilibrium 
is established in the vicinity of the adsorbent 
surface (Corrêa et al., 2007) 
Fig. 11 shows the time profile of acetic acid 
concentration in the circulating liquid of the 
closed circuit fluidized bed adsorption 
system developed in this work. Acetic acid 
concentration didn’t change after around 900 
s (15 min), suggesting that a condition near 
adsorption equilibrium was achieved in the 
system.  

 

CONCLUSIONS 
The following conclusions are drawn from 
the above-discussed results: 
For batch studies: 

• The adsorption data fit well with 
both Freundlich and Langmuir 
isotherms. 

• The removal of acetic acid by 
activated carbon is rapid at the 
initial period and becomes slow, 
stagnant and then decreases with the 
increase in contact time. 

• The amount removal of acid 
increases exponentially with 
increase in dose of adsorbent. 

For open circuit expanded bed: 
• For higher feed concentration, 

steeper breakthrough curves are 
obtained and break point time is 
achieved sooner. 

• As the flow rate increased, the 
breakthrough curve becomes 
steeper. The break point time is 
obtained earlier and effluent 
adsorbate concentration ratio 
increases more rapidly. 

• For smaller bed height, the effluent 
adsorbate concentration ratio 
increases more rapidly than for a 
higher bed height. 

• A fluidized bed would be expected 
to show better adsorption 
performance compared with the 
packed bed. 

 In closed circuit expanded bed, a condition 
near adsorption equilibrium was achieved in 
the system. 
 
NOMENCLATURE  
a     Monolayer (maximum) adsorption 
capacity (mg/ g) 
b     Langmuir constant related to energy of 
adsorption (l /mg) 
C    The concentration of acid at time t 
(ppm) 
C0   The concentration of acid at time zero 
(ppm) 
Ce   Equilibrium concentration of acid (ppm) 

pd   Particle diameter (m) 



S. A. M. Mohammed                                                Treatment of a High Strength Acidic Industrial 
S.Foad                                                                        Chemical Wastewater Using Expanded 
H. A.Shanshool                                                          Bed Adsorber 
 
 

 108

g     Acceleration due to gravity (m/s2) 
k     Adsorption capacity (g/l)1/n 
L     Column length (cm) 
n      Order/intensity of adsorption (-) 
Q     Flow rate (l/hr) 
qe    Amount of acid adsorbed per unit 
weight of adsorbent (mg/ g) 
Rt    Separation factor (-) 
t       Time (s) 

mfV   Particle minimum fluidization velocity 
(m/s)  
Greek letters 

lρ     Density of fluid (kg/m3) 

pρ    Density of particle (kg/m3) 

lµ     Dynamic viscosity of fluid (kg/m.s) 
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Table 1: Major characteristics of activated carbon. 
 

Density, kg/m3 1350 

BET surface area, m2/g 1100 

Particle porosity 0.5 

Bed porosity 0.41 

particle diameter (dp), mm 0.5  
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Fig.1: Schematic diagram of opened circuit expanded bed (1.adsorber, 2 flow meter, 
3.pump, 4.feed tank, 5.effluent tank, 6.sampling point, 7.to drain, 8.feed). 

 
Fig.2: Schematic diagram of closed circuit expanded bed (1.adsorber, 2 flow meter, 3.pump, 4.feed 

tank, 5.sampling point). 
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Fig. 3: Linearized Freundlich isotherm for acetic acid adsorption by activated 

carbon. 
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Fig.4: Linearized Langmuir isotherm for acetic acid adsorption by activated carbon. 
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Table 2: Freundlich and Langmuir parameters of adsorption isotherms for the 
removal of acetic acid by activated carbon. 

 
Freundlich isotherm Langmuir isotherm 

n (-) k (g/l)1/n Correlation coeff. 
(R2) 

a (mg/g) b (g/l) Correlation coeff. 
(R2) 

0.325 5.212 0.8554 75.19 2.96 310−× 0.9966 
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Fig.5: Effect of contact time on the amount of acetic acid adsorbed on activated 

carbon. 
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Fig. 6: Effect of dose of adsorbent on the percentage removal of acetic acid. 
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Figure 7: Effect of inlet adsorbate concentration on breakthrough curve. 

 
 
 

0

0.2

0.4

0.6

0.8

1

1.2

0 100 200 300 400 500 600

time (s)

C /C0

Q = 50 l/hr

Q = 75 l/hr

Q = 100 l/hr

 
Figure 8: Effect of flow rate on breakthrough curve. 
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Fig.9: Effect of bed height on the breakthrough curve. 
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Fig.10: Comparison between fixed-bed and expanded-bed adsorbers. 
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Fig.11:  Acetic acid concentration in the closed circuit fluidized bed experiments. 
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LOW COST AUTOMATIC SUN PATH TRACKING SYSTEM 
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ABSTRACT 
Solar tracking systems used are to increase the efficiency of the solar cells have attracted the attention of 
researchers recently due to the fact that the attention has been directed to the renewable energy sources. Solar 
tracking systems are of two types, Maximum Power Point Tracking (MPPT) and sun path tracking. Both types 
are studied briefly in this paper and a simple low cost sun path tracking system is designed using simple 
commercially available component. Measurements have been made for comparison between fixed and tracking 
system. The results have shown that the tracking system is effective in the sense of relatively high output power 
increase and low cost. 

  الخلاصة
 انتباه الباحثين مؤخراً بسبب آون الاهتمام قد توجه نحو مصادر الطاقة  المستخدمة لزيادة آفاءة الخلايا الشمسيةلقد جذبت انظمة المتابعة الشمسية

 آلا النوعين في هذا تم دراسة.  ومتابعة طريق الشمس(MPPT)متابعة نقطة القدرة العظمى ، انظمة المتابعة الشمسية هي على نوعينان . المتجددة
تم اخذ قياسات لاجل . البحث بصورة مختصرة وتم تصميم منظومة مبسطة لمتابعة طريق الشمس باستعمال مواد بسيطة متوفرة في السوق التجارية

ة العالية لقدرة الاخارج اظهرت النتائج ان المنظومة المتحرآة هي فعالة من حيث الزياد). المتابعة( بين المنظومات الثابتة والمتحرآة المقارنة
  .وانخفاض الكلفة

 
KEY WORDS: solar tracking, MPPT, sun path tracking, solar cell, photovoltaic cell 
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INTRODUCTION 
The resources of most of the energy consumption 
were and still in the form of fossil fuel, which is 
either oil, coal or gas. The other source of energy is 
the nuclear energy. Each one of these types has its 
own major downside. The increasing consumption 
of fossil fuel and especially oil has caused the 
continuing depletion of the world reserve of oil and 
the lack of new explorations of new reserves that 
would balance the consumption has led to increase 
in oil prices for record highs that reached over 140 
$/barrel in 2008 until the global recession brought 
the prices down to about 80 $/barrel. Another 
negative aspect with the fossil fuel is the 
environmental considerations in regards to carbon 
dioxide emission that is causing the global warming 
and climate change that is raising horrible concerns 
about the future of our planet. 
For the nuclear energy, although it does not involve 
carbon dioxide emission but it is still considered a 
dangerous source of energy because of the risk of 
nuclear radiation and on the other hand the nuclear 
waste that needs to be looked after for several 
thousand years (10'000 years according to United 
States Environmental Protection Agency standards). 
Also, nuclear energy is highly controversial and 
politics plays a big roll that even if the technical and 
economical facilities were available, politics can 
cause agonizing troubles for the developing 
countries.  
 
For the reasons summarized above, the world has 
turned to other form of energy sources namely the 
green energy sources. Green energy is clean in the 
sense that it does not have a bad impact on the 
environment, and also it is renewable. Types of 
green energy sources are: 

• Hydropower  
• Wind power 
• Solar power 
• Biofuel 
• Wave power 
• Geothermal power 
• Tidal power 

 
Many developed countries have set strategic goals 
to explore such types of energy sources to minimize 
their dependence on the fossil fuel as it is mostly an 
imported product from the developing countries. 

The solar power conversion is one of the most 
addressed in the field of the renewable energy 
systems. The available techniques allow converting 
the solar radiation into two forms of energy: thermal 
and electrical [1]. The conversion of the solar 
energy into electrical is done by the photovoltaic 
(PV) cells or panels. The power supplied by PV 
panels depend on many extrinsic factors [2], such as 
irradiation levels affected by weather conditions 
which limits the amount of the incident solar 
radiation, temperature, angle of incident radiation 
and load conditions. 
Solar tracking is mainly about achieving the 
maximum power and hence increasing the 
efficiency of the PV panels, this is important from 
the economical point of view, because in total the 
overall cost should give higher output power. The 
average solar energy obtained by conventional PV 
panels during the course of the day is not always 
maximized [2]. This is due to the static placement of 
the panels which limit their exposure to the sun. 
Solar tracking systems usually deal with the two 
factors namely the load condition and the angle of 
incidence. The system that adjusts the load 
condition in order to track the maximum power 
operating point is called maximum power point 
tracking (MPPT), these are electronic systems in 
which high efficiency DC-DC converters are used 
to control the load current and voltage in order to 
extract maximum power for a certain PV panels 
placement and radiation conditions, more 
explanation about this technique will be presented 
later. The other type is an electro-mechanical 
system intended to track the sun path using rotary 
motors and/or linear actuators to ensure normal 
incidence of solar radiation on the PV panels and 
hence maximizing the amount of converted solar 
irradiation into electrical energy. A combination of 
both systems can be used to achieve even higher 
output power. 
Many researches have been made about solar 
tracking with various approaches. Simulations of 
sun path tracking are presented in [1] that showed 
efficiency improvement over fixed systems, and in 
[2] where maximum power is obtained for different 
environmental conditions. Studies and simulations 
of the MPPT techniques were presented in [3] and 
[4] where different algorithms are compared. 
Analytical calculations for both sun tracking and 
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MPPT were presented in [5] and the results are 
compared to fixed system. Hardware 
implementations were presented in [6-10] using PIC 
controller or PC-based controllers. 
 
 
BASICS OF PV CELLS 
The solar cell is a non-linear device and can be 
represented as a current source model as shown in 
Fig. 1 [4]. The current source generates the 
photocurrent Iph, which is directly proportional to 
the solar irradiation or solar insolation (not 
insulation) in W/m2 that measures the radiation 
power from the sun per unit area, which is also 
equivalent to the light intensity or illumination 
measured in lux. The two resistances Rs and Rp 
represent the solar cell internal losses. The series 
resistance Rs represents the ohmic losses in the 
surface of the solar cell. The parallel shunt 
resistance Rp represents the losses due to leakage 
current. 
 
The I-V characteristics of a solar cell, when 
neglecting the internal shunt resistance, is given by 
the equation [3] [4] 
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Where Iph is the light generated current, Isat is the 
reverse saturation current, q is the electron charge, 
A is the p-n junction ideality factor (a dimensionless 
factor), K is Boltzmann constant, T is the absolute 
temperature in Kelvin and Rs is the series resistance 
of the cell. 
 
The graph of the I-V and P-V characteristics of the 
solar cell is shown in Fig. 2 [3]. It is clear that the 
solar cell has non-linear characteristics and these 
characteristics are affected by the temperature and 
irradiation level, while the operating point is 
affected by the load condition. It is also clear from 
the P-V characteristics that there is only one point 
of operation where the output power has a 
maximum value which is desirable operating point 
for the MPPT techniques that will be discussed 
next. 
 

As has been mentioned earlier, the term solar 
tracking means two different techniques; the 
maximum power point tracking and the sun path 
tracking. A brief description of both techniques is 
given bellow 
 
THE MAXIMUM POWER POINT 
TRACKING (MPPT) 
As can be seen from the curves in Fig. 2, the power 
curve exhibits a maximum point, i.e. there is an 
optimum operating point of cell voltage and current 
at which the load will receive maximum power from 
the solar cell. The problem is that the load can not 
be guaranteed to operate at this point for two main 
reasons. The first reason is that the load condition 
may not allow to be operated at exactly the desired 
MPP, and the second reason is that the weather 
condition and other factor will affect the irradiation 
level that generates the photocurrent Iph and hence 
affecting the characteristics curve which in turn will 
change the MPPT, so, the MPP is virtually 
unknown. The MPPT is about searching for (or 
tracking) the values of current and voltage that 
would produce the maximum power to be extracted 
from the solar cell. Therefore; high efficiency DC-
DC converters are used between the solar array and 
the load where the switching element is controlled 
to change the duty cycle that in turn will affect the 
output voltage and hence the current. Fig. 3 shows a 
block diagram describing the general idea of MPPT. 
By using an appropriate algorithm, the MPPT 
should be achieved under any conditions affecting 
the solar cell or the load. Different algorithms are 
used in MPPT, The most widely used are the 
Perturbation and Observation (P&O) method and 
the Incremental Conductance (IncCond) method [3] 
[4]. Below is a brief description of each method. 
 
PERTURBATION AND OBSERVATION 
METHOD 
In P&O method is widely used because of the 
simple feedback structure and fewer measurements. 
The tracking algorithm operates by periodically 
incrementing or decrementing the output voltage, if 
a given perturbation leads to an increase in the PV 
array power the subsequent perturbation is made in 
the same direction, otherwise the subsequent 
perturbation is made in the opposite direction. In 
this manner the successive change in the voltage 
will lead to the MPPT where the voltage will 
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oscillate around the maximum power point. If the 
irradiation level changes and hence the 
characteristics curve changes accordingly, the 
MPPT will be different than the current operating 
point but since the perturbation and observation is 
being done in a continuous manner the P&O 
algorithm will be able to track the new MPP to be 
the new operating point. 
 
INCREMENTAL CONDUCTANCE 
METHOD 
The IncCond method is basically a computational 
method that is based on the fact that maximum 
power is where the derivative of power with respect 
to PV array voltage is zero, i.e. 
 

IVP =  

0=+=
dV
dIVI

dV
dP  

From which 
 

V
I

dV
dI

−=                                                  (2) 

 
Equation 2 says that the peek power point is 
obtained by adjusting the PV array voltage such that 
the incremental conductance (∆I/∆V) equals the 
negative of the conductance (-I/V). So the role of 
the algorithm is to increase or decrease the duty 
cycle of the DC-DC converter until the above 
condition is satisfied which is equivalent to 
(dP/dV=0). The IncCond method offer good 
performance under rapidly changing atmospheric 
conditions (that affect the irradiation level) but it 
requires more measurements than the P&O method. 
There are other methods suggested in literature for 
MPPT [4], but these are beyond the scope of this 
paper. 
 
SUN PATH TRACKING 
Due to the relative motion between the earth and the 
sun, the incident solar irradiation cannot always be 
normal to the PV panel that has a fixed placement. 
Therefore, the intensity of the sunlight falling on the 
PV panel is greatly reduced. Sun path systems are 
used to move the PV panel with the sun movement 
so that the incident sunlight is always normal to the 
surface of the PV panel. 
 

Before having further discussion of the sun tracking 
systems, it is useful to define the basic terms 
associated with the position and motion of the sun. 
 
Zenith: The point directly overhead of the observer. 
The zenith is used with the west and east as a three-
dimensional orthogonal coordinate system to define 
the sun position. 
Solar altitude angle: The angle measured between 
an imaginary line between the observer and the sun 
and the horizontal plane the observer is standing on, 
see Fig. 4a. This angle is positive during day time 
and negative at night, therefore, the zero value of 
the altitude angle defines the time of sunrise and 
sunset. The maximum value of the altitude angle is 
at solar noon, and the maximum value of the 
altitude changes with the season for a given 
location. If the altitude angle is 90o, which usually 
occurs near the equator, it means that the sun is at 
the zenith. 
Solar azimuth angle: The solar azimuth angle is 
the angular distance between south (in some 
literature north) and the projection of the line of 
sight to the sun on the ground. A positive solar 
azimuth angle indicates a position east of south, and 
a negative azimuth angle indicates west of south, 
see Fig. 4b. The sunrise and sunset do not occur at 
azimuth angles ±90o. 
Angle of incidence: It is the angle between the 
sun’s rays irradiated on the PV panel surface and 
the line normal to the PV panel. The objective of the 
sun path tracking systems is to make this angle zero. 

 
For a fixed point on the surface of earth, the sun 
position is described by the altitude and the azimuth 
angles. In sun path tracking systems there can be 
either a dual axis tracking technique, where the 
tracking for the azimuth angle or the east-west 
motion which is due to the daily change of sun 
position in addition to tracking the altitude angle of 
the sun due to the seasonal motion. Sometimes, 
single axis system is sufficient to track the daily 
east-west motion of the sun because the span of this 
motion is wider than the span of the seasonal 
motion. 
On the other hand the sun tracking systems are 
divided into two types according to the way of 
controlling the alignment of the PV panel to the 
incident sunlight. They can be either open loop 
control systems or closed loop control systems. 
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OPEN LOOP CONTROL SYSTEMS 
In this type the controller calculates the tilt angle of 
the PV panel using special equations or lookup 
tables for the sun trajectories. Although these 
systems do not require any measurements but they 
have the drawback that they require adjustment to a 
reference point that defines the angles produced by 
the mechanical system. If that reference point is 
disturbed, the control system would not sense the 
resulting error and eventually the alignment of the 
PV panel will be shifted from its desired location. 
This type of systems is best suited for theoretical 
research that calculate the extracted power of the 
tracking system using mathematical models as used 
by Armstrong [5]. 
 
CLOSED LOOP CONTROL SYSTEMS 
This type is a photo sensor based systems, in which 
the sun position in the sky is detected by photo 
sensors and the measurements from the photo 
sensors are fed to the control system, as in Fig. 5. 
Two photo sensors (for each axis) are positioned in 
a way that the correct alignment of the PV panel 
makes equal angles of incidence of the sunlight at 
two sensors. This produces zero difference (or error) 
between the measurements of the sensors. When the 
sun moves, the error will not be zero because the 
angles are not equal, and the control system will 
rotate the PV panel to be adjusted in the direction 
that will make the angles equal and hence 
eliminating the error as explained in Fig. 6. 
Although the closed loop systems share the same 
concept, but the control algorithm can differ widely, 
they can be simple difference calculating algorithms 
that can be implemented using PIC controllers [6] or 
they can be more complex algorithms like genetic 
[2] algorithms or fuzzy logic control [7] that can 
only be implemented on a PC. Such systems are 
able to track the sun path without the need to 
calculate the sun trajectories.  
 
The sensor based closed loop systems more 
commonly used than the open loop systems mostly 
because they are easier to orient and install than the 
open loop systems in the sense that there is no need 
for precise adjustment of the mechanical system 
and if the adjustment is disturbed in the future by 
external factors, the control system is still able to 
track the sun path as long as the sun path is within 
the limits of movement of the mechanical system. 

This feature has been tested practically in our 
proposed system by putting the moving base in an 
arbitrary orientation, and then the control system 
starts to adjust the moving base in the direction of 
the sun until the angle of incidence of sun light is 
zero without any outside adjustments. The system 
can then be left to automatically track the sun. 

 
A combination of both the open loop and the closed 
loop control systems can be used in a way that the 
angles are calculated first and the PV panel is 
moved accordingly, then the sensors would detect 
more accurately the sun position and the PV panel is 
further adjusted. When the there is a cloudy weather 
condition, the sensors would not be able to 
accurately locate the sun, therefore, the open loop 
system takes over the control of the PV panel. This 
approach is used by Xu [9]. 
 
SYSTEM DESCRIPTION 
The objective of solar tracking is to increase the 
efficiency of the PV Panel and hence obtaining 
higher output power. The overall system is 
equivalent to having a larger fixed PV panel with 
output power equals to the smaller PV panel with 
the tracking system. From the engineering point of 
view the tracking system must be cost effective in 
order to justify the cost of the extra equipment 
required for the tracking system. Therefore, in the 
design of the proposed tracking system, the cost is 
considered as a primary factor. Therefore a single-
axis tracking system is adopted and since the control 
and the mechanical parts are the most cost affecting 
parts of the system, the control part is made using 
electronic circuit that have the opamp LM324 as the 
main component. While for the mechanical part, the 
moving base of the reflector of the satellite receiver 
antenna is used because of its availability and low 
cost, in addition to that it well suits the purpose of 
sun path tracking. For the motor drive part, the H-
type drive is used to reverse the direction of the 
motor motion. Bellow is a detailed description of 
the three parts of the system 
 
THE CONTROL PART 
The circuit diagram of the controller is shown in Fig 
7. It is basically a difference amplifier implemented 
using the low offset quad opamp LM324. The photo 
sensor is the 1KLB3B phototransistor that is used to 
detect the sunlight intensity. Two photo transistor 
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are positioned on opposite side on the moving base 
(that carries the PV cell) one to the east side (QE) 
and one to the west side (QW). With the appropriate 
choice of the values of the resistors the output of 
difference amplifiers of opamp A and opanp B are 
given by [11] 
 
VA = 10(VQE–VQW)                                       (3a) 
VB = 10(VQW–VQE)                                         (3b) 
 
 
Looking at the characteristics of the phototransistor 
shown in Fig. 8, it can be seen that this 
characteristics is different than the characteristics of 
the normal transistor in the way that the collector 
current curve is drawn for deferent values of 
illumination while for the normal transistor the 
collector current is drawn for different values of 
base current. Therefore the illumination will 
represent the biasing of the phototransistor. Instead 
of the current gain β which is defined as the ratio 
between the collector current and the base current 
IC/IB, the current gain of the phototransistor βp will 
be defined as the ratio between the collector current 
IC and the illumination Ev, i.e.  

v

C
p E

I
=β                                                     (4) 

 
This will help finding the value of the outputs of the 
opamps A and B in terms of the illumination Ev. 
The voltages of the phototransistors QE and QW are 
given by 
 
VQE = VCC–ICQER                                            (5a) 
VQW = VCC–ICQWR                                          (5b) 
 
Substituting eqs (5) and (4) into eq (3) we get 
 
VA = 10 βpR∆Ev                                             (6a) 
VB = –10 βpR∆Ev                                           (6b) 
 
Where  
 
∆Ev = EvE–EvW                                                (7) 
 
which represents the difference of illumination on 
the east side phototransistor QE and the west side 
phototransistor QW. The VCC value is chosen to be 
12V, and since the value of R in Fig. 7 is 1kOhm, 

the load line can be drawn as shown in Fig. 8 from 
the point IC=12mA & VCE=0 to the point IC=0 & 
VCE=12V (these points are outside the graph). The 
Q point in the middle of the line is approximately 
IC=5mA, VCE=5.6V and Ev=200lx. From eq (4), βp 
can be found approximately to be 0.025mA/lx. 
Taking into account that the value of R is chosen to 
be 1kOhm, eq (6) becomes  
 
VA = 0.25∆Ev                                               (8a) 
VB = –0.25∆Ev                                             (8b) 
 
The above equation shoes that the values of VA and 
VB are sensitive enough for small difference in 
illuminations on the two phototransistors that will 
make the controller able to detect any slight 
movement of the sun. On the other hand VA and VB 
have the same magnitude but opposite signs, this is 
to determine the direction of movement of the sun. 
The next stage of the circuit is the comparators 
stage where the opamps C and D are used to provide 
the signaling to the DC motor. The threshold 
voltage is made variable by a multi-turn 
potentiometer to the user preference, this is 
important to stop the movement of the tracker when 
the magnitude of VA and VB which are proportional 
to the difference of illumination ∆Ev is low. This 
can happen in a cloudy day when the sun is hidden, 
so, in such case the tracker is stopped because there 
is no point of wasting energy by the motors. So 
when the magnitude of the voltages VA and VB are 
less than the threshold voltage, both outputs of the 
comparators will be zero. When the magnitude of 
the voltages VA and VB are higher than the 
threshold, the opamp with negative input voltage 
will produce zero output and the opamp with 
positive voltage will produce a positive voltage 
(+VCC) that is fed to the motor drive stage to rotate 
the motor. When the motor is rotated, the PV panel 
will be rotated towards the sun along with the 
phototransistors, and during the rotation the 
difference in the illumination ∆Ev will decrease 
until it makes the magnitudes of VA and VB fall 
below the threshold voltage and then the motor 
stops. 
Another element of the controller circuit is the 555 
timer whose purpose is to make sure that the 
controller is not active all the time and there is no 
continuous unnecessary movement of the motor due 
to the slow motion of the sun to reduce energy 
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consumption. Instead, the timer is set to deactivate 
the controller for about 15 minutes so that the sun 
will have an appreciable change of position, after 
that the controller will be activated for about 30 
seconds which is enough time for the motor to 
adjust the position of the PV panel and the having 
the magnitudes of VA and VB below the threshold 
voltage, this means that the motor will stop before 
the end of the 30 seconds. The deactivation of the 
controller is made by pulling to ground the two non-
inverting inputs of the opamps A and B so that the 
outputs VA and VB will be both negatives making 
the outputs of the comparators C and D both zeros. 

 
The Motor Drive 
The circuit diagram of the motor drive is shown in 
Fig. 9, where the H-type drive is used to provide 
direction reversal of motor motion. The main 
elements are the four BDX53C Darlington 
transistors that act as the main switching elements. 
To rotate the motor in a certain direction one of the 
control voltages V1 or V2 should be set to VCC and 
the other to ground. If we assume that V1 equals 
VCC and V2 is grounded, the transistor Q1 will be 
ON connecting the (+) terminal of the DC motor to 
ground and the transistor Q8 will also be ON 
allowing the base-emitter junction of the PNP 
transistor Q6 to be in the forward direction and 
hence Q6 will also be ON. This will make the 
current to flow in the base-emitter junction of the 
Darlington transistor Q4 making it ON and this will 
connect the (-) terminal of the DC motor to VCC and 
the motor will rotate. For V2 being grounded the 
transistors Q3, Q7, Q5 and Q2 will be OFF. If V1 is 
grounded and V2 is set to VCC, the situation is 
reversed and the motor will rotate in the reverse 
direction. The motor current was measured and 
found to be around 0.1A when the moving is far 
from the end of movement points and the current 
rises to 0.5A when the moving base is near its end 
of movement points. These values of current are 
acceptably small values especially if we consider 
that the motor is only allowed to rotate for a small 
amount of time that is determined by the timer of 
the controller. So, the loading of the motor to the 
power source of the PV panel is insignificant. The 
control voltages V1 and V2 are taken from the 
outputs of the comparators C and D and they cannot 
be both set to VCC, because this will cause damage 
to the transistors. This condition is guaranteed by 

the arrangement of the inputs of the opamps A and 
B as discussed earlier. 
The control voltages V1 and V2 are connected to the 
driver circuit through the normally closed contacts 
of the switches S1 and S2 which are limit switches 
that are put on the extreme ends of the actuator to 
ensure that the motor would not rotate the 
mechanical structure beyond the permissible span.  
One last issue about which of the control voltages 
V1 and V2 is to be connected to the output of the 
comparator C or D, because the wrong connection 
will make the moving base to move away from the 
sun. Since there are many factors affecting this 
decision, like the polarity of the DC motor and its 
mechanical orientation, the ambiguity can only be 
resolved by a simple trial and error experiment. A 
choice is made by connecting, for example, V1 to 
output C and V2 to output D and the motion of the 
moving base is observed, if the moving base is 
following the sun then this connection is correct, 
otherwise if the moving base is moving away from 
the sun the connection is reversed. 
 
The Mechanical Structure 
As has been mentioned earlier the choice of the 
mechanical structure was made to be a moving base 
of satellite antenna reflector that is shown in Fig. 
10. This choice was mainly because of the 
availability, low cost and suitability of this moving 
base for the intended purpose. Although the moving 
base is having a single motor making the system a 
single-axis tracking system, but the actuator of the 
motor is connected to the moving base in a way 
allowing the base to trace an arc with changing 
altitude and azimuth angles. This will provide an 
approximate trace to the exact sun path. The error 
will be from the difference of the actual altitude of 
the sun and the altitude angle established by the 
moving base. The moving base is equipped by a 
manual mechanical adjustment of the altitude 
providing the ability to change the range of the 
altitude angle according to the season. So, the user 
can make this adjustment every 3 months, for 
example, to minimize the altitude angle difference 
error. 
 
This moving base can hold a reflector of 1.5m 
diameter, that is an equivalent area of 1.77 m2 and it 
was tested to hold with motor rotation 15kg weight. 
So, any PV panel with such dimensions and weight 
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can be used with this moving base. In case of larger 
PV panels are required, a specially designed moving 
base will be required without modifications to the 
controller and the driver circuits. 
Since the proposed system is only a prototype, the 
solar cell that was used for the measurement 
purposes was a small one with open circuit voltage 
Voc=7.5V And short circuit current Isc=0.333A. This 
solar cell is not powerful enough to rotate the motor, 
therefore, an external power supply of 12V was 
used to operate the system. In actual system the 
output of the solar panel should be used as a power 
supply of the tracking system. 
 

 
MEASUREMENTS AND RESULTS 
Two sets of measurements were taken for 
comparison, one for the sun tracking system and 
one for the fixed system. The altitude angle was 
calculated for the midday time which is 12:00pm 
according to the longitude and latitude of Baghdad 
(33° 20' N, 44° 24' E) and the date of 12/6 using sun 
position calculator [12], the calculated value was 
about 80o [12]. The moving base adjusted according 
to this angle for noon time and measurements were 
taken from early morning until afternoon every 15 
minutes.  
 
Table 1 shows the output voltage of the moving and 
fixed solar cells with load termination equals RL=25 
Ohm obtained every 15 minutes during the day. The 
graph of these results is shown in Fig. 11, where it 
can be seen that the curve of the tracking system is 
more flat than the fixed system, this means that the 
load of the tracking system will have a constant 
voltage for more time that the fixed system. In terms 
of power, the average power for both systems can 
be calculated as 
 

N
RV

P Li∑= /2

                                            (9) 

 
Where N is the number of the measurement points. 
The amount of power increase using the tracking 
system over the fixed system can be found to be 
57%.  
 
 
From the economical point of view, we can take an 
example of a PV panel available in the market of 

36W power that costs 200’000ID. As has been 
stated earlier the cost of our tracking system is 
30000ID which is 15% extra cost to the PV panel, 
in return 57% increase of output power is obtained. 
Since the cost of the tracking system is the same for 
a larger PV panel with higher output power, the 
relative cost will be reduced while obtaining the 
same percentage of power increase. 
 
 
CONCLUSION 
The purpose of this paper is to motivate for more 
research in the fields of renewable energy. A design 
of a sun path tracking system has shown an increase 
in the output power of 57% of the moving PV panel 
over the fixed moving PV panel using simple 
mechatronics with added cost of about 15%. The 
relative cost can be lowered when using solar panels 
of higher output power. 
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Fig. 1 The solar cell model. 
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Fig. 2 The I-V and P-V characteristics of the solar cell for different irradiation levels. 

 
 
 

 
Fig. 3 Block diagram of MPPT technique 
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 (a) (b) 

Fig. 4 a: the altitude angle. b: the azimuth angle. 
 

 
Fig. 4 Open loop control system of the sun path tracking  

 
 

 
Fig. 5 Closed loop control system of the sun path tracking 

 
 

 
Fig. 6 The adjustment of photo sensors orientation with respect to sum. 
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Fig. 7: The circuit diagram of the controller. 

 
 

 
Fig. 8 IC vs. VCE of the phototransistor for different illumination values. 

 



Journal of Engineering Volume 17 February 2011     Number1   
 
 

 128

 
Fig. 9 The circuit diagram of the DC motor driver. 

 



M. K. Al-Haddad                                                                               Low Cost Automatic Sun Path Tracking System 
S.S.Hassan 
 
 

 129

 

 
Fig. 10 The moving base with the photo sensors fixed to it. 

 
 

Table 1: The cost of the designed tracking system  
Item Cost (ID) 
Moving base 12’000 
Phototransistor 1KLB3B 2x3’500=7’000 
Quad opamp LM324 500 
Timer 555 500 
Transistor BDX53C 4x750=3’000 
Transistor 2N2222 4x500=2’000 
Transistor 2N2904 2x500=1’000 
Board 2x1’000=2’000 
Various electronic components 2’000 
Total 30’000 

 
Table 2: Practical results 

Time  
(hh:mm)  

Tracking PV 
voltage (V) 

Fixed PV 
voltage (V) 

Time  
(hh:mm) 

Tracking PV 
voltage (V) 

Fixed PV 
voltage (V) 

5:30 am 1.05 0.20 12:00 pm 5.76 5.75 
5:45 am 2.10 0.41 12:15 pm 5.70 5.65 
6:00 am 2.72 0.55 12:30 pm 5.68 5.52 
6:15 am 3.14 0.71 12:45 pm 5.63 5.48 
6:30 am 3.96 0.92 1:00 pm 5.60 5.44 
6:45 am 4.63 1.03 1:15 pm 5.56 5.39 
7:00 am 4.72 1.09 1:30 pm 5.51 5.35 
7:15 am 4.80 1.14 1:45 pm 5.46 5.31 
7:30 am 5.11 1.20 2:00 pm 5.40 5.24 
7:45 am 5.30 1.50 2:15 pm 5.35 5.10 
7:00 am 5.35 1.80 2:30 pm 5.30 4.95 
8:15 am 5.40 2.00 2:45 pm 5.25 4.78 
8:30 am 5.45 2.40 3:00 pm 5.20 4.60 
8:45 am 5.50 3.26 3:15 pm 5.15 4.30 
9:00 am 5.52 3.85 3:30 pm 5.10 3.50 
9:15 am 5.51 4.36 3:45 pm 4.96 3.20 
9:30 am 5.55 5.00 4:00 pm 4.79 2.90 
9:45 am 5.56 5.11 4:15 pm 4.62 2.60 
10:00 am 5.57 5.25 4.30 pm 4.38 2.30 
10:15 am 5.58 5.36 4:45 pm 4.12 2.00 
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10:30 am 5.59 5.41 5:00 pm 3.85 1.80 
10:45 am 5.61 5.48 5:15pm 3.50 1.60 
11:00 am 5.64 5.54 5:30 pm 3.15 1.40 
11:15 am 5.71 5.60 5:45 pm 2.70 1.20 
11:30am 5.75 5.69 6:00 pm 2.12 1.00 
11:45 am 5.76 5.73    
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Fig. 11 Graph of the PV cell voltage for both fixed and tracking systems. 
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ABSTRACT 
Physical model tests were simulated non-aqueous phase liquid (NAPL) spill in two-dimensional 
domain above the water table. Four laboratory experiments were carried out in the sand-filled 
tank. The evolution of the plume was observed through the transparent side of this tank and the 
contaminant front was traced at appropriate intervals. The materials used in these experiments 
were Al-Najaf sand as a porous medium and kerosene as contaminant.     
The results of the experiments showed that after kerosene spreading comes to a halt (ceased) in 
the homogeneous sand, the bulk of this contaminant is contained within a pancake-shaped lens 
situated on top of the capillary fringe.  

  

 في المنطقة غير المشبعة من التربةكتلة النفط الأبيض حركة موديل فيزيائي ل

   الرملية
  الخلاصة 

 .فوق مستوى الماء الجوفيذات البعدين  في الطبقة  الأخف من الماءالسائل العضويتمثيل تسرب لقد تضمن العمل المختبري 
ان استخدام الزجاج يوفر الأمكانية .  صنع لهذا الغرض وملأ بالرمل زجاجيمختبرية في حوضتجارب  اجريت اربعة حيث

  لقد تم اختيار تربة مدينة النجف لتمثيل .المطلوبة لمتابعة تقدم مقدمة الملوث وبالتالي رسم شكلها خلال فترات زمنية مختلفة
 لتمثيل السائل العضوي المتسرب إلى ذلك  الأبيضالوسط المسامي في آل التجارب المختبرية الحالية في حين تم اختيار النفط

  .الوسط
لوثات سوف تشكل ن الم أظهرت التجارب المختبرية للترب المتجانسة عند توقف انتشار الملوثات النفطية فان آمية آبيرة م

 .capillary fringeمستقرا فوق منطقة  شكلا مفلطحا
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INTRODUCTION  
The problem of evaluating the factors 
controlling the movement of Non-Aqueous 
phase Liquids (NAPLs) in shallow 
subsurface has received increasing attention 
in the last decade after a number of sites 
throughout the United States have been 
found to be contaminated with organic 
chemicals, mostly petroleum products 
(McKee et al., 1972; Kramer, 1982), 
aromatic compounds (Oliveira and Sitar, 
1985) and halogenated hydrocarbons. Once 
a NAPL is released into the subsurface, it 
continues to travel as a separate liquid phase 
until it becomes immobile. When the 
migration of the NAPL reaches its final 
stage, this contaminant remains as isolated 
ganglia or pools. These pools act as a source 
of further contamination by dissolution and 
vaporization.  

Soil and ground water contamination 
by (NAPLs) such as organic solvents, 
gasoline and other petroleum products is 
widespread due to leaking storage tanks, 
spills, and improper disposal processing. 
Although NAPLS are relatively immiscible 
with water, understanding the behavior of 
these liquids in the subsurface is important 
since solubility may exceed drinking water 
standards. After release, NAPL migrates as a 
separate phase downward by gravity with 
some lateral spreading due to capillary 
forces. If sufficient NAPL has been spilled, 
eventually, it may reach the groundwater 
surface. If it is lighter than water (LNAPL) it 
will accumulate as a liquid mound that floats 
on the ground water surface. If it is denser 
than water (DNAPL) it displaces ground 
water and continues downward migration 
until it encounters a hydraulic or capillary 
barrier as shown in      Fig. 1. Floating 
LNAPL can partly be removed by creating a 
pumping well (Mercer and Cohen, 1990). 
The LNAPL will flow towards the well 
facilitated by the groundwater table gradient 
and can be pumped into a recovery tank. 
Although removing DNAPL is more 
difficult task, DNAPLs can be pumped out 
of the subsurface. Not all of the NAPL can 

be removed, since some of it is retained in 
the capillaries of the porous medium. This 
remaining NAPL can be contained 
hydrologically or can be removed by other 
techniques such as air sparging or 
bioremediation. To predict the NAPL that 
was left behind in the unsaturated zone after 
remediation by pumping, the mechanisms 
that are responsible for the flow and 
retention of NAPL must be understood. 
Therefore, such understanding is a major 
motive for studying the movement, 
interaction and distribution of three fluid 
phases, i. e., water, NAPL and air in a 
porous medium: the subsurface.  

The unsaturated zone is a multiphase 
system, consisting of at least three phases: a 
solid phase of the soil matrix, a gaseous 
phase and the water phase (Bear, 1972). 
Additional phase may also be present such 
as a separate phase organic liquid. Oil 
properties such as density, viscosity, 
interfacial tension, solubility and vapor 
pressure are important in understanding oil 
transport and in predicting subsurface 
contamination.  

Al Najaf is one of the most important 
cities in Iraq. It is the spiritual center of all 
Moslems because the holy shrine of Al 
Imam Ali. It is located on high plateau over 
a sandy ground (Al Shakerchy, 2007). Al 
Najaf is expected to have a huge 
development program in the coming years 
through the construction of many gasoline 
stations, chemical manufacturing and 
processing plants and other facilities for 
storing hazardous materials has led to the 
installation of underground storage tanks 
(USTs). Many of installed (old) tanks have 
exceeded or are currently close to the end of 
their useful life and are now (or will soon 
be) leaking, posing a serious threat to soil 
and groundwater quality as well as to public 
health and welfare. To establish the most 
effective soil remediation technology that 
can be utilized in the control of releases 
from leaking USTS and to minimize 
unreasonable risks to human health and the 
environment, it is essential to identify likely
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 contaminants and the severity of 
contamination from leaking USTS, therefore, 
Al Najaf sand soil was used here in the 
experimental works to represent an actual 
case. 

 

PHYSICAL MODEL 

Sand Tank 
The sand tank model was built to study the 
movement of the (LNAPL) in the vadose 
zone. The simulated spills were performed 
in a tank 71cm long, 61cm high, and 5cm 
wide, schematically shown in Fig. 2. 
Pressure ports and electrodes locations are 
shown in Fig. 3. The front side of the tank 
was transparent to allow for visual 
observations. It consisted of a glass plate for 
the initial experiments and was later 
replaced by a Lucite plate in order to 
accommodate for the design adopted for the 
saturation measurements. Two pairs of metal 
reinforcing bars were clamped on the 
exterior of the tank to prevent bending of the 
more deformable Lucite plate. The back side 
of the tank made of stainless steel, was 
designed to be removable to allow for 
measurement of the extent of the plume at 
the back and for examination of the 
contaminated area within the sample by 
careful dissection at the end of each 
experiment. Two vertical perforated 
stainless steel partitions, covered with 
stainless steel mesh, provided the lateral 
boundaries of the sand-filled middle 
compartment, which had dimensions 61х 61 
х 5cm. The purpose of the two outer 
compartments was to provide constant head 
reservoirs for controlling the position of the 
water table within the sand deposited in the 
middle and, in addition, to control the 
wetting and drainage of the sand mass.  

 

Materials  
A) Soil: Two sizes of available sand, 
designated #14 (coarse) and #50 (fine), were 
used for the experiments which brought 
from Al-Najaf city/Al Adala Quarter. 
Additional sieving was necessary to achieve 

satisfactory uniformity. The sand was also 
washed to remove fine particles and salts 
which if dissolved into the water-NaCl 
solution would alter its electrical properties, 
as discussed above. The result of the grain 
size distribution, as shown in Fig. 4, shows 
that the soil is consisting about of 2.66% 
gravel, 96.6% sand, and about 0.7% fine. 
The characteristics of the grain distribution 
curve give the uniformity coefficient, (Cu) 
=8.67 and the coefficient of gradation, (Cc) 
=1.35. According to unified soil 
classification system, the soil was classified 
as well graded (Das, 1985). The median 
grain size of the soil is 0.9 mm.  
B) Contaminant Liquid: After considering 
various organic liquids, kerosene was 
chosen as the contaminant fluid. The 
selection was based on the low health hazard 
of kerosene during experiment, in 
combination with a number of desirable 
properties such as specific gravity lower 
than 1.0, viscosity comparable to that of 
water, very low solubility in water, and low 
volatility. The last two properties are 
necessary to limit the mass transfer between 
phases during the experiments. The pertinent 
properties of kerosene are summarized in 
Table (1). In order to enable visual 
observations, kerosene was dyed with Sudan 
III. “Sudan” is trade mark (or name) for a 
line of dyestuffs, soluble in hydrocarbons; 
used for the coloring of fats, oils, 
waxes….etc.  Sudan III is a powdered, 
nonvolatile an organic dye of red color 
which is insoluble in water. 
 
 
* SAMPLE PREPARATION 
The tests were conducted in a constant 
temperature room (21oC) which is necessary 
for such experiments, since electrical 
properties, and to lesser extent, surface 
properties are temperature dependent. Sand 
was then deposited in lifts by dry pluviation. 
Since uniform sands were used, special 
packing procedures were not deemed 
necessary in order to achieve homogeneous 
samples. The soil density used here is 1.128 
gm/cm3 for coarse sand and 1.026 gm/cm3 
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for fine sand. Before the last lift was placed 
in the tank a Lucite cylinder, which served 
as the source of the kerosene, was embedded 
in the center of the top of the sample and 
filled with sand to the same final height as 
the rest of the sample (Fig. 2). The inside 
diameter of the cylinder was 3.2 cm. The 
final height of the samples ranged between 
49 and 52 cm.   
After all the sand was in place, water was 
slowly introduced via the outer 
compartments, to form a water table 3-4 cm 
above the bottom of the tank. More water 
was permitted to flow from the reservoirs 
connected to the tank through the outer 
compartments and into the sample to 
maintain the water table at the same height, 
as water infiltrated into the sand due to 
capillary rise. When the water table 
stabilized, i.e. when imbibitions of water 
into the sand ceased, the water table was 
raised another 3-4 cm, and the same 
procedure was repeated until the water table 
finally equilibrated at the top of the sample. 
The wetting rate was kept slow in order to 
achieve the maximum water saturation 
possible while relying only on moistening 
by capillarity. Wetting of the samples 
typically lasted 2-3 hours and resulted in 
water saturation close to 85%.  
After the sample was wetted, drainage was 
initiated by lowering the water table in the 
outer compartments to the desired height, 
typically 4 and 16 cm above the base of the 
tank for the fine and coarse sand, 
respectively. The two different water table 
elevations compensated for the different 
extent of the capillary fringe in the two 
sands. The samples were allowed to drain 
overnight, for at least 12 hours. After 
drainage was completed, three distinct 
regions appear above the water table. The 
first is the capillary fringe where there is 
maximum water saturation under negative 
pressure. The second zone is the visibly wet 
area above the capillary fringe where water 
saturation decreases with increasing distance 
from the water table. Finally, the third zone 
is visibly dry (although still moist) region at 
the top apparently corresponds to the zone 
where water is discontinuous.   

 
 
* TEST PROCEDURE 
Each experiment began by introducing 
kerosene inside the cylinder which simulated 
a leaking underground facility in the sand 
tank model. In all experiments, a total of 350 
cm3 of kerosene was used, equal to 
approximately 10% of the pore space above 
the capillary fringe. Kerosene was added as 
needed to maintain the height of the free 
liquid inside the cylinder always at 4 cm 
above the top of the sand, until all of 350 
cm3 of kerosene were used. The rate at 
which kerosene was added to adjust the level 
at 4 cm was dictated by the rate at which 
kerosene from the cylinder disappeared into 
the sand. In this way, in all the experiments 
kerosene infiltrated under a constant head. 
The plume was traced at appropriate 
intervals during both the infiltration (while 
the source of leak is active) and the 
redistribution (when no additional kerosene 
enters the sample) stages, until no significant 
changes of the front were observed.   

Water volume flowing out of the tank 
was measured and kerosene front was traced 
(Figs. 4 and 5) at the appropriate intervals. 
The development of the plume was typically 
monitored for 24 hours, well after any 
visible movement of the front had ceased. At 
the completion of the experiment, the tank 
was tilted and the back plate was removed in 
order that the final position of the 
contaminant front on the back side could be 
traced. The samples were subsequently 
dissected, so as to examine the distribution 
of kerosene in the sand.  

 A central area which was uniformly 
contaminated with kerosene was invariably 
observed, beyond this area, interconnected 
pockets of kerosene were found which 
extended to the boundaries of the front as 
observed through the Lucite plate, indicating 
minimal boundary effects.  A total of 4 
simulated spills were performed in 
homogeneous sands. More specifically, two 
experiments were conducted with fine sand 
(#50) and the other experiments with coarse 
sand (# 14). 



Journal of Engineering Volume 17 February 2011     Number1   
 

 134

 
* VISUAL OBSERVATION 

The experiments with homogeneous 
coarse (#14) and fine (#50) sands showed 
that although kerosene infiltrates more 
rapidly in the coarse sand, the evolution of 
the contaminant front follows similar 
patterns despite differences in grain size, 
provided that the top of the capillary fringe 
at the same elevation. At the initial stage of 
the spill, the front retains a regular, circular 
shape, after few times the front shape 
becomes ellipsoid as it advances (Figs. 5 and 
6). After the contaminant front reaches the 
boundary between visibly wet dry sand its 
shape becomes irregular and is characterized 
by fingering and lateral spreading, as was 
also reported by Schwille (1984).  

When kerosene becomes immobilized 
and spreading ceases, the final contaminated 
area consists of two distinct regions, an 
elongated, pancake-shaped area of high 
kerosene saturation and the area above it, 
which was previously swept by the front, at 
residual kerosene saturation. The top of the 
kerosene-wet area was slightly above the 
visibly wet–dry sand boundary in all 
experiments. The maximum horizontal 
extent of the kerosene lens occurred at an 
elevation close to and below the visibly wet-
dry sand boundary. Thickness of this 
pancake- shaped lens was consistently 
higher in the fine sand.  

 
EXPERIMENTAL RESULTS 
A) Propagation of the Contaminant 
Front: To quantify the information obtained 
from the simulated spills, the development 
of the contaminant front with time was 
described by the following variables: the 
volume of kerosene in the sample, the 
volume of the sample which was 
contaminated by kerosene, the average 
kerosene saturation in the contaminated 
zone, the distance between the lowest point 
of the front and the water table, and the 
distance between the source of the leak and 
the front. The values of these parameters for 
the fine (#50) and coarse (#14) sands are 
listed in Table 2. The extent and the 

geometry of the final contaminant front were 
described by the variables listed in Table 3, 
the percentage of the total volume of the 
sample which was contaminated by 
kerosene, the ratio of the volume of 
contaminated soil to the total volume of the 
contaminant liquid spilled, and the lens 
thickness.  
A comparison of data for the two sands 
(Table 2) shows that the final vertical extent 
of the plume (distance from the leak) is the 
same for both sands as a result of the same 
capillary fringe elevations, although the total 
contaminated area is larger for the fine sand. 
More specifically, a comparison of the 
parameters describing the final position of 
the front (Table 3) shows that the average 
percentage of the total sample volume 
contaminated by kerosene is 21.14% for the 
fine sand, dropping to 19.34% for the coarse 
sand. Thus the ratio of the kerosene-
contaminated sand to the infiltrated kerosene 
volume is 10.50 in the fine sand and 7.59 in 
the coarse sand. Kerosene saturation 
remained consistently lower in the fine sand 
during all stages of the test, apparently due 
to the higher initial water saturation in the 
fine sand, as will be discussed later.   
The spreading rate of the contaminant front 
during kerosene infiltration was also 
computed from the mean values of the 
kerosene-contaminated area for the two 
sands. Spreading rate was calculated based 
on new volume swept by the front during a 
time interval (dV/dt), as well as on total 
volume swept at a time measured from the 
beginning of infiltration divided by this time 
(V/t). The two rates are very similar to each 
other for the same sand, indicating that the 
spreading rate remains constant during 
infiltration. The mean values were 18.80 and 
86.95 cm3/min for the fine and coarse sand, 
respectively.  
B) Measurement of Phase Variables: The 
measurements obtained during two of the 
experiments, with homogeneous fine and 
coarse sand, are presented here to illustrate 
the observed changes in water saturation and 
the pressure head response. The water table 
was lowered to 3.9 and 16.0 cm from the 
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bottom of the tank for the fine and the coarse 
sand, respectively. Subsequent drainage 
lasted 14 hours for the fine sand and 12 
hours for the coarse sand. At the end of this 
period water pressures and saturations were 
changing at a very slow rate indicating that 
static equilibrium above water table was 
achieved. Following drainage, a total of 350 
cm3 of kerosene was allowed to infiltrate 
through the Lucite cylinder simulating the 
leaking facility under a constant head of 4 
cm. After all the kerosene was used, 
infiltration continued under a declining head 
until all kerosene was in the sand mass and 
redistribution started. A summary of the two 
tests is given in Table 4, which also includes 
the volume of the water that flowed out of 
the tank during the kerosene infiltration 
stage.   

 
DISCUSSION 
The data from the fully instrumented tests 
confirm and explain the visual observation 
regarding the characteristics of the 
advancing plume and its final extent. On the 
basis of the visual observations of the 
kerosene front, it was found that the ratio of 
spreading rates during infiltration for the 
coarse and fine sand (86.95/18.8=4.6), the 
ratio of kerosene of infiltration rates was 
twice as high (21.6/2.9=7.4). These results 
can be explained by considering the 
different saturation profiles for the two 
sands. Although the top of the capillary 
fringe (area of maximum saturation) in both 
samples is located at the same elevation, the 
saturation distribution above it is dissimilar 
due to differences in grain size distribution 
(higher uniformity in the coarse sand 
produced a flatter capillary pressure curve).  
In order to move downward, kerosene has to 
displace more water in the fine sand than in 
the coarse sand, as evidenced by the higher 
saturation changes during infiltration in the 
fine sand samples and by the larger volume 
of water displaced at the end of the 
infiltration stage, 275 cm3 for the fine sand 
compared to only 145 cm3 for the coarse 
sand. However, while vertical movement is 
delayed in the fine sand, kerosene moves 

laterally. As a result, although in both cases 
the kerosene front extends over the same 
vertical distance 21.7 cm and 22.9 cm for 
the coarse and fine sand, respectively, the 
total contaminated area is wider in the fine 
sand. Again, as a consequence of the 
different water saturation distribution, as 
determined from the capillary pressure-
saturation curves of the two sands, the final 
average kerosene saturation is lower for the 
fine sand.    
The results of the comprehensive analysis in 
Al Najaf city sand (especially for gypsum 
content) showed that there are two main 
categories with respect to the changing with 
depth, first, at depth range of 0.5-2.0m, and 
second, at depth range of 2.0-12.5m, where 
at first range, the content of gypsum changes 
randomly from area to another, so, the 
average value of gypsum content range of 
18-24.19 %. At depth range of 2.0-12.5m, 
the gypsum content ranged of ≤6 % (Al 
Shakerchy, 2007). When gypseous soils are 
irrigated, the gypsum is leached and then 
located and in some cases a gypsum layer is 
formed which reduces the hydraulic 
conductivity. This will decreasing trend of 
contaminant movement.  
 
CONCLUSIONS  

    The following conclusions are drawn 
on the basis of the results obtained from the 
present experimental measurements: 

a) Visual observations from the sand 
tank model show that the front retains an 
elliptic shape during the final stages of 
infiltration, but later on, as it approaches 
the capillary fringe, it becomes irregular, 
characterized by fingering and more 
extensive lateral than vertical 
movement. After spreading ceases, the 
contaminated area in homogeneous 
samples consists of two distinct regions: 
an elongated pancake-shaped oil lens of 
high NAPL saturation, which extends 
from the top of the capillary fringe up to 
the boundary between visibly wet and 
dry sand, and the area above it, 
previously swept by the front, at lower 
kerosene saturation.  
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     b) The ratio of spreading rates during 
infiltration for the coarse and fine sand 
(86.95/18.8= 4.6). While the ratio of 
kerosene of infiltration rates was twice 
as high (21.6/2.9 =7.4). These results 
can be explained by considering the 
different saturation profiles for the two 
sands.   

     c) In order to move downward, kerosene 
has to displace more water in the fine 
sand than in the coarse sand, as 
evidenced by the higher saturation 
changes during infiltration in the fine 
sand samples and by the larger volume 
of water displaced at the end of the 
infiltration stage, 275 cm3 for the fine 
sand compared to only 145 cm3 for the 
coarse sand.  

     d) The experiments with homogeneous 
coarse and fine sands showed that the 
kerosene infiltrates more rapidly in the 
coarse sand, however, while vertical 
movement is delayed in the fine sand, 
kerosene moves laterally. As a result, 
although in both cases the kerosene front 
(from leak source) extends over the 
same vertical distance 21.7 cm and 22.9 
cm for the coarse and fine sand, 
respectively.  
e) The plume moved faster in the coarse 
sand, as expected. The total   
contaminated volume was lower, 2655 
cm3 and 3675 cm3 for the coarse and fine 
sand, respectively. 
 f) Decreasing trend of contaminant 
movement due to the presence of the 
gypsum content, fine and other soluble 
salts in Al Najaf city sand caused the 
reduction in the hydraulic conductivity, 
consequently, the reduction in the 
hydraulic conductivity is due to the 
plugging of soil pores by the 
precipitation of the leached gypsum. 
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Figure 1: Conceptualized representation of (a) LNAPL and (b) DNAPL migration 

and contamination of the subsurface (Watts, 1998). 
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Figure 2: Tank configuration for the sand tank used in the present study. 

 

 
Figure 3: Pressure ports and electrodes locations for the sand tank used in the 

present study. 
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Figure 4: Gradation curve for Al-Najaf city sand. 

 

Table 1: Kerosene properties (Pantazidou and Sitar, 1993). 
Parameter Value 

Specific gravity 0.8 at 15 º C 

Viscosity 1.152 CP at 21 º C 

Surface tension: kerosene-air 27.5 dyne/cm at 20 º C 

Interfacial tension: kerosene-water 48 dyne/cm at 20 º C 
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Figure 5: Kerosene front propagation traced during the experiment in the fine sand 

medium (#50). 
 

 

 
Figure 6: Kerosene front propagation traced during the experiment in the coarse 

sand medium (#14). 
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Table 2: Comparison of mean values of front propagation parameters for sands 
(#14) and (#50).  
 

 
Time, 
min 

Type of 
Sand,# 

Kerosene 
Volume, 

cm3 

Contaminated 
Soil Volume, 

cm3 

Distance 
from 

Leak, cm 

Distance 
from Water 
Table, cm 

14 107 581 13.1 16.5 5 
50 - 53 2.7 37.3 
14 203 1121 17.5 12.4 10 
50 47 164 4.5 35.4 
14 350 1718 18.8 10.8 15 
50 72 262 6.1 33.9 
14 350 2145 21.2 8.4 45 
50 135 971 13.5 27.6 
14 350 2655 21.7 8.1 Final 
50 350 3675 22.9 17.6 

 
 
 

Table 3: Comparison of mean values intervals of final front parameters for sands 
(#14) and (#50). 
 

Type of Sand Lens Thickness, 
cm 

Contaminated Soil Volume 
to Kerosene Volume Ratio 

Contaminated 
Soil Volume, % 

#14 11.7 7.59 19.34 
#50 16.8 10.50 21.14 

 

Table 4: Summary of two tests of fine and coarse sand. 
  

 
 

Type of 
Sand 

 
 

Average 
Porosity 

 
Initial 
Water 

Saturation, 
% 

 
Water Table 
Height, cm 

Infiltration 
Duration 
(Constant 
Kerosene 

Head/Total), 
min 

Water 
Displaced at 
the End of 
Kerosene 

Infiltration, 
cm3 

Fine sand 
(#50) 0.44 84.0 3.9 132/150 275 

Coarse 
sand (#14) 0.41 84.5 16.0 10/11 145 
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TWO-PARAMETER GAMMA DISTRIBUTION AND LOG 

NORMAL DISTRIBUTION FOR DERIVATION OF SYNTHETIC 
UNIT HYDROGRAPH 

Mohammed Rashid Dhahir 
Computer center ,Baghdad University 

ABSTRACT 
Most available methods for unit hydrographs (SUH) derivation involve manual, subjective fitting of 

a hydrograph through a few data points. The use of probability distributions for the derivation of synthetic 
hydrographs had received much attention because of its similarity with unit hydrograph properties. In this 
paper, the use of two flexible probability distributions is presented. For each distribution the unknown 
parameters were derived in terms of the time to peak(tp), and the peak discharge(Qp). A simple Matlab 
program is prepared for calculating these parameters and their validity was checked using comparison 
with field data. Application to field data shows that the gamma and lognormal distributions had fit well. 
 
INTRODUCTION   
The term ‘synthetic’ in synthetic unit 
hydrograph (SUH) denotes the unit hydrograph 
(UH) derived from watershed characteristics 
rather than from rainfall-runoff data. Chow 
V.T.( 1964) and Viessman et al. (2007) provide 
a good review of the various methods available 
for (SUH) derivation. Among the available 
approximate methods for (SUH) derivation as 
mentioned in Singh.(1988), the method of fitting 
a smooth curve manually through a few salient 
points of (UH) is generally practiced. For 
example, the methods of Snyder(1938) [Quoted 
from Bhunya et al.(2007)] and Espey and 
Winslow (1974) utilize empirical equations for 
the estimation of peak flow(Qp)    [L3T -1],lag 
time(tL)[T], time to peak(tp)[T], UH widths at 
0.5 Qp and 0.75 Qp.Thus, beside the  
involvement of a great degree of subjectivity in 
such manual fitting, the fitted curves require 
simultaneous adjustment for the area under SUH 
to represent unit runoff volume. Due to 
similarity in shapes, several attempts have been 

made in the past to use some probability density 
functions, (pdf) for UH and its derivation, e.g. 
Gray (1961), Sokolov et al.(1976) and 
Ciepieelowki(1987).[ Quoted from Bhunya et 
al.(2007)]. The pdf of the gamma and beta 
distributions to represent the UH shape were 
used by Gottschalk et al.(1998) and Haktanir 
and Sezen(1990) [Quoted from Saralees 
Nadarajah.(2007)]. 
Synthetic unit hydrograph methods 
-  Snyder’s method 

Snyder(1938) [Quoted from Singh. 
(2000)], used five variables dependent on 
catchment characteristics to define a (SUH),(1) 
catchment lag tL; (2) peak discharge rate Qp; (3) 
base time tb;(4) width of UH at Q=0.5Qp, W50; 
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and(5) width of UH at Q=0.75Qp, W75. 
The expressions for tL and Qp are as follows: 

 
tL=Ct(LLC)0.3                         (1) 

 

Qp= CP                (2) 

 
in which Qp = peak discharge rate (ft3/s); tL = 
catchment lag in hours measured from the center 
of the effective rainfall to the peak of the SUH; 
L =length of the main stream in miles from the 
outlet to the upstream divide; LC = distance in 
miles from the outlet to a point on the stream 
nearest to the centroid of the catchment; A = 
area of the catchment ( square miles); and Ct and 
CP are coefficients. The coefficient Ct varies 
from 1.8 to 2.2, generally assumed to be equal to 
2. Equation (1) and (2) were obtained from the 
study of catchments varying in size from 26 to 
26,000 km2 (10 to 10,000 mi2) in the United 
States. The expression for time to peak of the 
SUH, tp, is: 
 
tp = + tr /2   
STATISTICALS DISTRIBUTIONS 

TWO PARAMETER LOG NORMAL 
DISTRIBUTION 

 
The probability density function (pdf) of 

this distribution is given by [Quoted from 
Saralees Nadarajah.(2007)]. 
 

 

                                   (6) 

Where µy and σy are the mean and standard 
deviation of the natural logarithms of x. 
for x > 0, -∞ < µy< ∞ and σy > 0. For this 
distribution, it is known ( Johnson and Kot 
(1970a) that the mode is given by  

 
Mode =exp(µ- σ2)                           (7) 

 
Substituting (7) into (6), Yields: 
 

tpqp= )...............................................

 
 

GAMMA DISTRIBUTION 
Use of a two-parameter Gamma 

distribution for   representing the UH has a long 
hydrologic history that started with Edson. 
(1951) [Quoted from Singh. (2000)], who 
presented a theoretical expression for the unit 
hydrograph assuming Q to be proportional to( tx 

e-yt) as: 
 

Q=                   (10) 

 
where Q=discharge (cfs) at time t; A=drainage 
area (square miles); x and y=parameters that can 
be represented in terms of peak discharge; and 
Г(x+1)  is the Gamma function of (x+1). Nash 
(1959) and Dooge (1959), based on the concept 
of n linear reservoirs with equal storage 
coefficient K, expressed the instantaneous UH 
(IUH) in the form of a Gamma distribution as: 
 

 (11) 

 
in which n and K are parameters defining the 
shape of the IUH; and q is depth of runoff per 
unit time per unit effective rainfall. These 
parameters have been referred to as Nash model 
parameters in the subsequent literature. With the 
suitable change of variables and applying 
dimensional homogeneity, Eq. (11) can be 
derived from Eq. (10). The area under the curve 
defined by Eq. (11) is unity; thus the rainfall and 
runoff depths are equal to unity. To obtain the 
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SUH, the parameters of  Eq. (11) were related to 
catchment characteristics[ Nash (1960)]. other 
attempts to fit a Gamma distribution to 
hydrographs were by Croley (1980), Aron and 
White (1982), [Quoted from Saralees 
Nadarajah,(2007)]and Singh (1998) . The 
procedure given by Croley (1980), to calculate n 
for known values of (qp) and (tp) requires 
programming to iteratively solve for n. Croley 
(1980) also proposed procedures to obtain a UH 
from other observable characteristics. 

The method by Aron and White (1982) 
involves reading the values from a graph, in 
which errors are introduced.Based on their 
method, Bhunya (2003) listed a step-by-step 
procedure to obtain UH, which may be briefly 
described by the following equations: 

 
 n = 1.045 + 0.5f + 5.6 f2 +0.3f3          (12) 
 

in which 
 

 f=QptP/ A                                          (13) 
where Qp is in cubic feet per second; tp is in 
hours; and A is in acres. Equations (12) and (13) 
require careful attention for the units, and these 
cannot be used as such when Qptp is required to 
be computed for a value of (n )known from other 
sources. Hann et al. (1994)[Quoted from 
Bhunya (2003) ]gave the following expression 
to calculate( n): 
 

       (14) 

where V=total volume of effective rainfall. An 
equation provided by Singh (1998) to obtain the 
value of (n) may be written as: 
 
n = 1.09 + 0.164 β + 6.19 β 2                      (15) 
 
where β = qptp (dimensionless), in which (qp) is 
the peak runoff depth per unit time per unit 
effective rainfall. Singh observed that the error 
in n obtained from Eq. (12) is (0.53% )when (b 
= 0.25) and (0.05%) when( b = 1.0).The error in 
n calculated from Eq.(15) decreases with 
increasing values of β. 
 

APPLICATION 
The applicability of the proposed method 

was examined for two cases,( A) and (B). In 
case (A), the UH was derived from the actual 
hydrograph; (Qp) and (tp) are used from the 
observation. In case (B), the partial data only, 
few observations from the actual data, were used 
only to find qp and tp. 
 
Case A 

For this case the watershed area is (A) 
=201.6 KM2.The calculations for the base flow, 
direct runoff, and unit hydrograph are shown in 
the table (1) [Quoted from. salas (2006)], also 
the plot of the observed unit hydrograph  is 
shown in fig(1) 
 
Case B 

A watershed area of 54km2, according to 
Snyder model the tp=5 (hour,) qp=0.13 (1/hour) 
 
Fig. (3): SUH for case B. 
  
RESULTS: 
The results arrived can be summarized as 
follows. 
• The gamma distribution results are closer to 

the actual data as shown in the fig(2) which 
shows Comparisons of observed unit 
hydrograph with SUH obtained from 
Gamma and Log Normal distributions, Also 
table(2) shows that the estimated depth of 
excess rainfall for the Gamma distribution is  
0.9913 which is too close to 1 than Log 
normal distribution with value of 0.9912 
Fig(3) shows the comparison between the 
Gamma , Log Normal distributions and the 
Snyder model whereas  table (3) shows that 
the estimated depth of excess rainfall for the 
Gamma distribution is 0.9910 which is very 
close to 1 as compared to Log normal 
distribution which value is 0.9851 
 

 
CONCLUSIONS 
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 The following conclusions are derived from the 
study: 

• The pdf computed by probability 
distribution gave results better than the 
existing synthetic methods i.e methods 
suggested by Synder(1938), and gave  
accurate results of the actual pdf  
parameters, as verified by using 
observed data. 

• The comparison between the gamma 
distribution and the log normal 
distribution shows that the gamma 
distribution is more flexible than 
lognormal distribution since the 
estimated depth (0.9913), is nearest to 
the actual data. 
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Table (1): The unit hydrograph calculations for case study (A)[ salas (2006)] 

Time 
(hr) 

Total Flow  
(m3/s) 

Base Flow 
(m3/s) 

Direct runoff 
Qt (m3/s) 

Unit hydrograph 
(m3/s) 

0 125 -- -- -- 
1 100 100 0 0 
2 150 100 50 12.5 
3 250 100 150 37.50 
4 415 100 315 78.75 
5 600 100 500 125.00 
6 515 100 415 103.75 
7 400 100 300 75.00 
8 300 100 200 50.00 
9 225 100 125 31.25 

10 175 100 75 18.75 
11 150 100 50 12.5 
12 135 100 35 8.75 
13 125 100 25 6.25 
14 100 100 0 0 
15 100 100 0 0 

   ∑Qt=2240 ∑ut=560 
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Fig. (1): Unit Hydrograph from observed  data table1 [salas(2006)].
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Fig. (2): Comparisons of observed unit hydrograph with SUH obtained from Gamma and Log 

Normal distributions 
 

Table (2): Estimated depth of excess rainfall over the watershed area using different 
methods for case (A). 

 

Type of method Average depth (in) 

Observed data 1 

Gamma distribution 0.9913 

Log normal distribution 0.9912 
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Fig. (3): Comparisons of Snyder unit hydrograph with SUH obtained from Gamma and Log 
Normal distributions 

 
 

Table (3): Estimated depth of excess rainfall over the watershed area for different method. 

Type of method Average depth (in) 

Snyder method 1.231 

Gamma distribution 0.9910 

Log normal distribution 0.9851 
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ORGANOCLAY FOR ADSORPTION OF BINARY 
SYSTEM OF POLLUTANTS FROM WASTEWATER 
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   University of Baghdad     University of Baghdad                  Institutes 
 
 
ABSTRACT  
single and binary competitive sorption of phenol and p-nitrophenol onto clay modified with 
quaternary ammonium (Hexadecyltrimethyl ammonium ) was investigated to obtain the 
adsorption isotherms constants for each solutes. The modified clay was prepared from 
blending of local bentonite with quaternary ammonium .  The organoclay was characterized 
by cation exchange capacity. and surface area.  The results show that  paranitrophenol is 
being adsorbed faster  than phenol . The experimental data for each solute was fitted well with 
the Freundlich isotherm model for single solute and with the combination of Freundlich- 
Langmuier model for binary system .  

 
 

  الخلاصة
 الفينول على سطح الطѧين      نايترو -بارا تم دراسة الامتزاز لنظام احادي والامتزاز  التنافسي لنظام ئنائي للفينول و           

تم تحضير الطين العضوي من مزج البنتونايت المحلي . المعامل بالامين الرباعي للحصول على ثوابت الامتزاز لكل ملوث       
قيѧاس قابليѧة الطѧين العѧضوي للتبѧادل الايѧوني            ين العѧضوي المحѧضر عѧن طريѧق          لطѧ ومѧن ثѧم فحѧص  ا       . مع الامين الربѧاعي     

فينول يمتز اسرع من الفينѧول وآانѧت النتѧائج العمليѧة      نايترو- بارابينت النتائج ان. فحص المساحة السطحية الموجب وآذلك   
  .  ظمة الثنائيةن بالنسبة للانظمة المنفردة ولمعادلة فريندلج لانكماير للا فريندلجمطابقه لمعادلة

 
KEY WORDS  
Organoclay, adsorption, Freundlich model, wastewater 
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INTRODUCTION 
In recent years , there were a wide range of 
hazardous waste   disposal and 
contaminated of water in which affect on 
human health and environmental .The 
transport of these compounds in the 
environment is a complex process, 
depending on such factors as solubility, 
octanol-water partition coefficient , 
chemical and biological reactivity . 
Adsorption process is widely used for 
removing organic compounds from water. 
Phenolic compounds are toxic if adsorbed 
through the skin and may result in death. 
Contact with the skin also causes 
dangerous and painful burns. Immediate 
washing of the skin with ethanol solution 
and warm water usually removes the 
phenolic compounds without serious 
consequences. Phenol and its derivatives 
induces toxic effect for fish and aquatic 
life. They induce genotoxic ,carcinogenic, 
immunotoxic, hematological and 
physiological effects and have a high 
bioaccumulation rate along the food chain 
due to its lipophilicity . Thus phenol 
pollution represents a threat against natural 
environment and also to human health. 
When phenol is present in the aquatic 
environment, fish food consumption ,mean 
weight and fertility are significantly 
reduced. Excessive exposure may affect 
the brain, digestive system, eye, heart, 
kidney, liver, lung, peripheral  nerve, skin 
and the unborn child . The Environment 
agency aims to ensure that environmental 
exposures are too low to cause such 
effects.   [Gad and Saad,2008]. 

Clay is a representative of 2:1 
layered phyllosilicates. These layers are 
built from two tetrahedral and octahedral 
cations can be replaced by lower valence 
cations, such as Al+3 and Fe+2 or Mg+2  
respectively. The excessive negative 
charge of these layers is compensated by 
metal cations (Na+1, K+1, Ca+2 and Mg+2) 
in the interlayer space, which can be 
exchanged with various cations, such as 
quaternary ammonium salts forming the 
modified clay (organoclay).[Jaynes and 
Boyd,1991]. 

Natural clay is  ineffective 
sorbents for removal of toxic organic 
compounds from environment. The 
inorganic  exchange cations of natural 
clays are strongly hydrate in water, 
producing a hydrophilic environment at 
the clay surface. The replacement of 
inorganic exchange cations with organic 
cations of alkyl hydrocarbon yields 
organoclay with organophilic properties 
[Boyd et al,1988].   

Boyd and Jaynes, (1992) divided 
organoclays into two types, organophilic 
and adsorptive . Organophilic clays are 
formed using large alkyle cations, and 
adsorptive organoclays are formed using 
small alkyl or small aromatic organic 
cations. Smith and Galan,(1995), found 
that organoclays prepared using small 
organic cations have internal surfaces 
which can act as hydrocarbon adsorption 
sites . The objectives of this study are to 
modify the natural clay to organoclay and 
to investigate the competitive adsorption 
between phenol and p-nitrophenol onto 
prepared organoclay. 

 
- MATERIALS AND METHOD 
Adsorbates 
Phenolic compounds namely as; phenol 
and p-nitrophenol were used as adsorbates. 
These physical properities are listed in 
table (1). 
 
- Adsorbent (Organoclay) 
The organoclay was prepared by adding 
the required quantity of 
hexadecyltrimethyl ammonium chloride 
solution (25% wt./vol.) to the desired 
quantity of bentonite in a stainless steel 
container. The bentonite used in this study 
was a local bentonite in powder form 
(particle size of 0.075mm) calcium type . 
It was supplied by the State Company of 
Geological Survey and Mining (Baghdad) 
The resulting  paste was then introduced 
into the meat grinder to achieve good 
mixing . The product was dried in the 
electrical oven at 85 ºC for 48 hours and 
then ground by agate mortar and screened 
to desirable particle size of (0.075mm) . 
The physical properties  of the prepared
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 organoclay was measured at the 
laboratories of the Ministry of Industry 
and Minerals (Ibn Sina State Company ) 
and at the  Ministry of Oil (Institute of Oil 
Training and Development).The results are 
presented in Table (2). 

 
 

Procedure 
A series of batch experiments 

were carried out to determine the 
adsorption isotherms of Ph and pnp 
solutions onto organoclay with pH of 6.5-
6.8. A certain amount of organoclay (0.05, 
0.1, 0.15, 0.2, …….0.5 g) was placed into 
100ml contaminant solution at 
concentration of 0.05kg/m3 for each solute 
. The adsorption experiments were 
conducted at constant shaking at room 
temperature for 30 hour to achieve 
equilibrium concentrations. Then, the 
solutions were filtrated, and their 
concentration were determined by UV-
spectrophotometer at college of 
engineering, Baghdad university (Model 
UV-GENESYE TM 10)  at   λmax =270nm 
and λ max =317nm for ph and pnp 
respectively. The adsorption capacity qe 
(kg/kg) of each solute onto organoclay 
was calculated by mass balance relation : 

 
( )

W
CCVq eo

e
−

=                  (1)                                                                          

Where Co and Ce are the initial and 
equilibrium concentration of adsorbate 
respectively (kg/m3 ), V  is the volume of 
solution and W is the weight of the 
organoclay used (kg). 

 
 

RESULTS AND DISCUSSION 
Characterization of Modified Clay  
In order to examine the structural 
difference of the clay before and after 
modification with a quaternary amine, clay 
and their modified organic derivatives are 
characterized using ordinary as well as 
modern characterization tools which 
include determination of  cation exchange 
capacity, surface area  and total organic 
carbon (Hasmukh  et al., 2006) as 
described below: 

 
 Cation Exchange Capacity 
 
The clays are characterized by their cation 
exchange capacities , which can vary 
widely and depend on source and type of 
clay.  
Cation exchange capacity (CEC) is 
represented  by the weight ratio of amine 
to bentonite. The cation exchange capacity 
for Iraqi bentonite is about 80 meq/100gm 
bentonite (according to the specifications 
of the supplier) . The weight ratio of amine 
to bentonite was calculated from its 
relation with cation exchange capacity 
percentage. The CEC was calculated 
according to the following equation  
[Mousavi et al., 2006] : 

 

1000
%CECmeq/100g CEC, g/g.mole amine, of MW.

bentonite 100
g amine, ofAmount 

××

=
g

                                                            (2) 
where 80 meq/100gm bentonite represents 
100% CEC and molecular weight of amine 
is 320 g/g mole . The appropriate equation 
to satisfy this above equation is found to 
be:  
g amine /100g  bentonite =0.256 %CEC                
 or :       Y=0.256 X                           (3)     
                                                                              
Where : Y is g amine/100g clay and X is 
%CEC .The results are tabulated  in Table 
(3) : 

 
      

To choose the best ratio of amine 
to clay for maximum removal efficiency, a 
shaker speed of 200rpm was run for 10 
hours, containing 0.5g of prepared 
organoclays (given in Table 2) and 100ml 
of water polluted with 50ppm of each 
solute. 

The results are depicted in Table 
(4) indicating  the large effect of amine to 
bentonite ratio on the removal efficiency 
and as can be seen an increase of the ratio 
increases the removal efficiency , reaching 
a maximum  value of 35g/100g clay for 
each solute at 136.72 %CEC . Above this 
weight ratio no effect on removal 
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efficiency is obtained ,where the effluent 
concentrations of Ph and pnp  decrease to 
8, 5.8 and mg/l respectively. 

Alberto et al., (2002) characterized 
the organophilic clay used in the 
solidification/stabilization of hazardous 
waste at %CEC of 150 meq/100g. In this 
cement-based stabilization/solidification 
processes hae been used for about two 
decades for the immobilization organics 
pollutants in hazardous wastes and 
contaminated soils. 

 
                                      
 
SURFACE AREA  

 The surface area  of natural clay 
is found to be 65 m2 /g . For an organoclay 
this decreased to 37.6 m2/g (Institute of Oil 
Training and Development). Because 
organoclay is  more aggregated than 
natural clay. The low value of the surface 
area found with the organoclay was 
because measurements were made at the 
external surface only, no internal surface 
area was accessible to nitrogen .This 
reason was stated by [Jaynes and 
Vance,1996]. This may be also attributed 
to the nearly total blocking of the 
micropores by the surfactant loaded 
material.  
 

 
Estimation of Adsorption Isotherms 
Constants 
The adsorption of a single and binary 
compound systems of phenol and 
paranitrophenol onto organoclay in batch 
experiments were conducted with initial 
concentration of (0.05 kg/m3) and particle size 
of (0.075 mm)at room temperature in order to 
determine the isotherms constants for each 
system using different models as follows: 
(Nasir,2010) 
 
 

• Freundlich model 
 

       n
ee KCq /1=                    (4) 

 
•  Langmuir model 

 

      
e

em
e bC

bCqq
+

=
1                         (5) 

 
•  Radk-Prausnitz model  
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• Combination of Langmuir-

Freundlich model   
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Single Component System 

 
The adsorption isotherms for 

single component systems of phenol and 
p-nitrophenol onto organoclay are shown 
in figures 1 and 2 
 
 
Binary Component System  

The adsorption isotherms for 
binary system (Ph-pnp) onto organoclay is 
shown in figure (3) 
 
The parameters for each model were 
obtained using non-linear statistical fit of 
the equations to the experimental data .The 
Freundlich isotherm model was fitted with 
experimental data for each solute as a 
single , while  for binary component 
systems the combination of Langmuir-
Freundlich model was used. All 
parameters with correlation coefficients 
are summarized in Table 5. 
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From the figures and tables for single and 
binary component systems, It can be seen :  
•    equilibrium isotherm for each solute 

is of favourable type ( i.e somewhat 
convex upward) and relatively high 
adsorbent loading were obtained  at 
low concentrations of solute in 
water. 

•    The Freundlich model gives the best 
fit of the experimental data for 
single solute systems with  high 
correlation coefficients. The 
equilibrium data for binary 
component systems were described 
successfully with Langmuir-
Frendlich combination model for 
competitive adsorption.  

•    The qe  values for the binary systems 
were less than those in single 
systems due to competition between 
the solutes 

•    The constant parameters of the 
Freundlich model were found to be 
as (2.51 and 2.33) for  n  and as 
(0.314 and 0.559  ) for  k for  ph and 
pnp   respectively .Where k is 
related primarily to the capacity of 
the adsorbent, and n is a function of 
the strength of adsorption. For fixed 
values of Ce and  n  the larger the 
value of   k , the larger capacity (qe). 
For fixed values of k and Ce, the 
smaller the value of  n , the stronger  
the adsorption bond. The  high value 
of  k    and the lower value of  n  
indicated that the sorption capacity 
of organoclay for p-nitrophenol was 
very high compared with Phenol.   

•    Values of octanal-water coefficient 
(Kow ) (Table 1) shows that  phenol 
is more  hydrophilic than  p-
nitrophenol  . This is due to the 
adverse effect of the OH group on 
adsorption of phenol,which may be 
attributed to the capability of this 
group to form hydrogen bonding 
with water and then renders the 
compound less liable to be adsorbed 
in comparison with pnp. 

•    The paranitrophenol is  adsorbed to 
greater  extent in comparison with 
phenol itself. This is attributed to the 
prevention of the formation of 

hydrogen bond either by forming an 
internal hydrogenbond between OH 
and the substitute group or by 
offering steric hinderance ,thereby 
increasing the solvophovic nature 
(i.e: decreasing solubility) as well as 
sorption capacity of the solute.   

•    The adsorption capacity can be 
compared for the three solutes in 
terms of (qe). The maximum 
adsorptive  capacities were (0.0.03 
and 0.0344  kg/kg) for ph and pnp  
respectively, in which capacity order 
of pnp>Ph. 

•    There is  a weak competition  in 
binary  systems in the adsorption 
capacity of  solute in the presence of  
others , whereas the uptake of 
phenol  is very much reduced by the 
presence  of other solute .  

•    The competition between solutes in 
the binary solute systems reduced 
the sorbed amount of each solute 
compared with that in the single-
solute system . 

 
CONCLUSIONS 

• Modification of natural 
clay to organoclay is resulting 
through the exchange  of  
quaternary amine 
(hexadecyltrimethyl ammonium 
HDTMA+) cation in place of Ca+ 
at the surface of bentonite .  This 
modification has been shown by 
different parameters. The CEC%   
for natural clay (80)  increased to 
(136.71) for modified clay.The  
surface area decreased from 65 to 
37.6 m2 /g  for natural and 
modified clay respectively.  
• The order of adsorption 
capacity for binary systems onto 
organoclay are found to of 
pnp>ph. This order  indicate that  
substituted phenols is adsorbed to 
greater  extent in comparison with 
phenol itself. 
• The competition between  
solutes in binary sorption  
systems caused reduction in the 
sorbed amount of each solute 
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compared with that in single 
solute system. 
• The higher adsorption 
capacity of pnp onto organoclay 
may be explained by its lower 
solubility, higher molecular 
weight and  higher octanal -water 
coefficient  in comparison with 
phenol. 
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List of Symbols 
                                                  Descriptions                                                                    Symbols 

b Langmuir constant, m3/kg 
Co Initial concentration, kg/m3 

        Ce Equilibrium concentration, kg/m3 
FRP Radk-Prausnitz constant 
k Freundlich adsorption isotherm capacity constant,(mg/g,(mg/l)-1/n 

KRP Radk-Prausnitz constant 
MW Molecular weight 

n Freundlich adsorption isotherm intensity constant 
NRP Radk-Prausnitz constant 
Ph Phenol 
pnp paranitrophenol 
qe Internal concentration of solute in particle at equilibrium, kg/kg 

qm Adsorption equilibrium constant defined by Lngmuir equation,kg/kg 

R Correlation coefficient 

W Weight of organoclay,  kg 

 

 
 

Table 1 Main properties of adsorbates used in this study [Agency for Toxic Substances 
and Disease Registry,1992] 

 
Property Phenol Paranitrophenol 
Symbol Ph pnp 
Formula C6 H5OH C6H5NO3 

 
 
 
 

Structure 
 
 
 
 
 

OH

 

OH

 

Molecular weight, g/mole 94.11 139 
Solubility in water (at 20o C), mg/l 86000 17000 

Octanal-Water ,Log (Kow) 1.5 1.91 
UV wave length (nm) 270 317 

 
 

NO2 
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Table 2  Characteristics of powdered organoclay (Ibn Sina State 
Company and Ministry of oil) 

 
Value  

Characteristic Bentonite  Organoclay 
 
Test Location 

Particle size,mm 0.075 0.75 University of Baghdad 
Moisture content,% 7.2 0.36 Ibn Sina Company 
Bulk density, kg/m3 945 1025 Ibn Sina Company 
Surface area, m2 /g 65 37.6 Ministry of oil 
%CEC, meq/100g 80 136.72 University of Baghdad 
 

Table 3 : Amine/100g bentonite as function of  %CEC 
 

%CEC 78.12 97.66 117.18 136.72 156.25 175.8 195.3 
Amine/100g 

bentonite 20 25 30 35 40 45 50 

    

Table 4 : Effect of different weight ratio of amine to bentonite  
on removal efficiency 

 
            phenol   

Co=50mg/l 
p-nitrophenol 

Co=50mg/l 
 
Weight 
Ratio 
g 

Effluent 
Conc. mg/l  

Removal  
%  

Effluent 
Conc.mg/l  

Removal 
% 

20 34 32 30.2 39.6 
25 25.8 48.4 21.6 56.8 
30 17.2 65.6 13.7 72.6 
35 8 84 5.8 88.4 
40 10.1 79.8 7.75 84.5 

    

 

 

Ph Isotherm, Co=0.05 kg/m3
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Fig. 1 : adsorption isotherm of  phenol onto organoclay 
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pnp Isotherm, Co,pnp=0.05kg/m3
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Fig. 2 : adsorption isotherm of  p-nitrophenol onto organoclay 

 

Ph-pnp adsorption,
Co,ph=0.05kg/m3,Co,pnp=0.05kg/m3
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Fig. 3 adsorption isotherm of (Ph-pnp) as binary system   onto organoclay 
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Table 5 :Parameters of single and binary system solutes isotherms for phenol 
and Paranitrophenol  

  
p-

nitrophenol  
phenol parameters  Model 

Single Solute 
0.559  
2.33 

0.9992 

0.314 
2.51 

0.9990  

k  
n 
R2 

Freundlich  
Equation(4) 

0.391  
13.58 

0.9831 

0.397 
8.51 

0.9964  

qm 
b 
R2  

Langimur 
Equation(5) 

 
22.15  
0.56  
0.43  

0.9990  

15.95 
0.48  
0.4  

0.9942 

KRP  
FRP 
NRP 
R2 

Radk-Prausnitz 
Equation(6) 

 

Binary system 
Ph-pnp 

pnp Ph parameters Model 

0.384 
15  

0.577 
0.9932  

0.391  
5.38 
1.87 

0.998  

qm  
b 
n  
R2  

Combination of 
Langimuir-Frendlich 

Equation(7) 
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ABSTRACT 
A numerical method (F.E.)was derived for incompressible viscoelastic materials, the aging and 
environmental phenomena especially the temperature effect was considered in this method. A 
treatment of incompressibility was made for all permissible values of poisons ratio. A 
mechanical model represents the incompressible viscoelastic materials and so the properties can 
be derived using the Laplace transformations technique .A comparison was made with the other 
methods interested with viscoelastic materials by applying the method on a cylinder of 
viscoelastic material surrounding by a steel casing and subjected to a constant internal pressure, 
as well as a comparison with another viscoelastic method and for Asphalt Concrete problem 
exposed to constant pressure (vehicles load) was done.   
The obtained results was very convenient , as well as, a large time steps can be taken than 
others methods.  
 
 

  خلاصةال
ظروف  ظاهرة التقادم و الإدخالم ت،ة المرنة غير القابلة للانضغاط  للمواد اللزج(F.E.M)تم اشتقاق اسلوب حل عددي 

تم .سن معالجة خاصية عدم الانضغاطية لكل القيم المسموحة من نسبة بويإلى إضافة،  درجات الحرارةتأثيرالبيئية وخاصة 
  .بلاسلالقابلة للانضغاط واشتقاق خواص المادة منه باستخدام تقنية  ميكانيكي يمثل المواد اللزجة المرنة غير ا نموذجاعتماد

مرنة ذات -وتطبيق ذلك على اسطوانة لزجة، المرنة- للمواد اللزجةأخرى حل أساليبتم مقارنة اسلوب الحل العددي مع 
سفلت مرن آخر لحالة الإ- اسلوب حل لزجمع مقارنة إلى إضافة،  وجود ضغط ثابتمع) من الفولاذ(غلاف خارجي مرن

 خطوات  استخدامأظهرت النتائج تقارب آبير مع باقي الأساليب مع وجود ميزة. )وزن المرآبات (تعرض لضغط ثابتالم
  .اآبر للزمن
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INTRODUCTION 
 
     The finite element method for many 
years was used to solve problems 
depending on the Elastic and Quasi-Elastic 
theories, few researcher used the finite 
element depending on the Viscoelastic 
theories ,but the techniques still in short of 
the aging phenomena. 
In this work the aging factor was applied 
depended on the temperature effect 
(physical aging)  
For Viscoelastic materials aging may be 
due to a large number of causes: oxidation 
(with or without the stimulation of light); 
gradual loss of plasticizer or other low 
molecular weight additives [Boyer 1998]. 
Such chemical or physicochemical 
degradation processes are not considered in 
this research and only aging processes of a 
physical nature will be treated (i.e the type 
of aging that is due to inherent instability of 
the amorphous glassy state). 
Physical aging is a reversible process in 
general, i.e. by re-heating the aged material 
to T > Tg  The original state of 
thermodynamic equilibrium is recovered 
and a renewed cooling to temperature T< 
Tg will induce the same aging effects as 
before.  
Temperature effects are extremely 
important in the analysis of viscoelasticity, 
temperature has three effects [Oza 2003]: 
-temperature change causes thermal strains, 
which must be combined with mechanical 
strains, 
-material module have different values at 
different temperatures, 
-heat flow may occur. 
Williams, Landel and Ferry [David 
Roylance 2001] have proposed that the 
variations in relaxation time are not 
primarily due to thermal activation, but to 
thermal expansion, i.e. the expansion of 
free volume Vf  with increasing 
temperatures and by using an equation 
proposed by Doolittle. These authors 
derived the famous WLF equation: 
                                                                            
                                             (1)   
 

   Where Ts is the reference temperature 
(which represent material’s specific 
constant for the position of the glass 
transition of the material).  
C1 , C2 are constants relating  to the choice  
of reference temperature. 
Which will be used in the range of glass 
transition temperatures to coverage the  
Physical Aging phenomena. 
 
The finite element technique, which was 
used to calculate displacements and stress 
for the elastic case, has been extended to 
provide analysis capability for the 
viscoelastic case in this research. 
Many researcher have been used different 
methods to calculate displacement ,stress 
and strain for viscoelastic materials.  
 
(Ghasak  2008) studied the rutting problem 
for Asphalt concrete which subjected to 
repeated axle loading using both elastic and 
viscoelastic model by finite element 
software (ANSYS 9).He found that the 
difference between the two approaches 
(Elastic; Viscoelastic) is about (12%). The 
rut depth was calculated and compared with 
two considerable models (Yassoub and 
Amjad models). 
 (O.C.Zienckwiecz 1968) developed a 
completely general method of numerical 
viscoelastic stress analysis with constant or 
temperature variable properties. He proved 
that numerical methods of elastic analysis 
(and in particular the finite element 
method) can be extended to deal with wide 
range of viscoelastic problems of the quasi-
static type. 
The method is checked against some 
known solutions. Examples from the field 
of propellant technology, concrete and rock 
behaviors are included. 
The processes of numerical analysis have 
been incorporated into two- dimensional 
finite element analysis program.  
An example of propellant is taken as 
cylinder of viscoelastic material which 
represents the rocket grain, surrounded by a 
steel casing and subjected to constant 
internal pressure P. Contours of maximum 
compressive stress is plotted at various time S

S
T TTc

TTca
−+

−
−=

2

1 )(log
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steps and the same contours is plotted but 
with a moving (burning up) inner 
boundary. 
 
(Lakes, 2006) formulated a viscoelastic 
problem in a way that allows to the use of 
higher order differential equation solution 
techniques. In this literature the advantages 
of using Runge-Kutta integration formulae 
are indicated. 
Examples for plane strain problem are 
developed under the assumption of: 
 
-Linear viscoelasticity with a hereditary 
integral form of the stress – strain relation. 
-Validity of the reduced time hypothesis. 
-Bulk modulus constant in time. 
-Homogeneous, isotropic material. 
 
This formulation has the advantage that the 
increase in computational effect for each 
time step using the higher order formulae 
is, generally, more than offset by the 
increase in magnitude of the time step that 
can be used. This advantage is 
demonstrated with an example. Also with 
this approach a means of estimating the 
error involved in the integration is 
available. The process described in this 
literature is valid for a more general form 
of material representation. 
An example of reinforced viscoelastic 
cylinder subject to constant internal 
pressure P is indicated here by using the 
fourth order Runge-Kutta method. 
Distribution of tangential and radial stress 
is plotted against the ratio of radius to outer 
radius for several time steps. 
(Rogers 1988) solved stress analysis 
problems for linear Viscoelastic materials 
on basis of integral operator stress – strain 
relations by using the method  of simple 
finite – difference numerical integration . 
They recommend to take the integral from 
0 to t and consider the material is 
undisturbed for t<0 .  
(Taylor and Pister 1990) developed a 
computational algorithm for the solution of 
uncoupled , quasi – static boundary value 
problem for a linear Viscoelastic solids 
undergoing thermal mechanical 
deformation, they showed that the stresses 
at a high temperature will decrease faster 
than at a lower temperature. 

 
In this research a computational method 
based on finite element technique with 
using isoparametric element and local 
coordinate (natural coordinate) will be 
applied ,viscoelastic solution is obtained 
using Laplace transform technique.  
 As an applications of the method , a 
problem which studied by Zienkiewicz is 
examined ,as well as, a comparison with 
another viscoelastic method and for Asphalt 
Concrete problem exposed to constant 
pressure (vehicles load) was done, in order 
to know the efficiency of the procedure and 
make a comparison with the other methods. 
 
MATHEMATICAL MODEL  
Material  Representation  
 
     For a viscoelastic material , a model can 
be used to relate components of strain to 
components of stress. 
     For incompressible Viscoelastic solid 
material , the more convenient famous 
model to represent is called “three 
parameter model”[ Amada 1997], 
generally, this model used to represent most 
standard linear Viscoelastic solids as shown 
in Fig1. 
 
This model which is consistently used in 
subsequent applications, it is useful to 
establish systematically its relaxation 
modules G and creep compliance J using 
Laplace transform techniques [Gibiansky 
1997] as following in Table 1 : 
 
  
                            (2) 
                                                         
                                                         (3) 
                                   
    
 
 
                                                                     
 
 
 

(4)    
 
Where: ε -strain σ -stress E -elasticity 
modulus µ -viscosity   s- Laplace 
transform factor. 

σε Jt ~)( =

))(/1(
/

)(~
1)(~

21

2
1 EEs

EsE

sJ
sG

++
+

==

µ
µ

µsEE
sJ

+
+=

21

11)(~



 
 M.A. Muhammed                                                                    Finite Element Method for Incompressible  
                                                                                                  Viscoelastic Materia                               
 

 

 162

Applying the inverse Laplace transform 
and simplifying eqn (3),(4) can be reduced 
to :  
 
                                                                                               

                     (5) 
                      
                       
                                                                                           

(6)                                                                                                             
     
METHOD OF SOLUTION 
      The displacement based finite element 
method is one such numerical procedure 
,the effectiveness of the method is due to its 
conceptual simplicity, assuming that the 
nodal point displacement of the finite 
element mesh completely specify the 
displacement in the body.  
     This finite element technique , which 
has demonstrated to provide an excellent 
analysis method for elastic case , has been 
extended to provide analysis capability for 
the Viscoelastic case in this research . 
  The relation of stress- strain for plane 
strain case are [Hughes 1987] :  
 
     
                                                      (7) 
    
                                                      (8)                                          
                                                       
                                                      (9) 
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Then the stress matrix {D}(matrix of 
properties) can be obtained from eqns (7), 
(8),(9) in term of relaxation G and bulk K 
moduli.  
      
                                                    (12)  
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 The global coordinate {X} of the node in 
terms of local coordinate (ξ, η) and 
displacement field  {δ } in isoparametric 
element is [Zienkiewcz 1989] :  
 
{ X} = [ N] {Xiί } =                   (14)                            
   
 
 
{δ } =  [N] {δi} =                     (15)                                    
 
{N} is a matrix of shape function, which is 
a function of local coordinate ξ and η. 
     By differentiation of shape function with 
respect to global coordinate we can obtain 
strain quantities. This can be done by a 
transformation using Jacobian matrix{J}  
which can be obtained by differentiate Eqn 
14 using chain rule. 
 
  
  
{ J }=                                                     
 
 

     (16) 
                                                                                           

 
Then local coordinates can be obtained 
as:  
   
 
              =                                     (17)        
 
For plane strain case the relation 
between strain and displacement is 
[Hughes 1987] 
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      εxy =          +                   (20)       
      
Then the strain matrix {B} is obtained 
by writing eqns (18),(19),(20) in terms 
of matrix notation and using  the 
following relations [Saabye 2000]: 
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It is incorrect to vary only stress matrix 
{D} with time (the Quasi – static solution) 
since properties of viscoelastic material 
varies with time, but it is convenient to 
differentiate this matrix with respect to time 
depending on the superposition theory of 
linear viscoelasticity :  
So that :  

( )

⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

′∂
′−∂

−=
′∂

∂

1       0       0

0     
3
4     

3
2-

0     
3
2-     

3
4

][
t

G
t
D ττ   = 

⎭
⎬
⎫

⎩
⎨
⎧ −

D     

 
                                                        (24)   
 
τ τ ′− is the current and past shifted time 
respectively which can be calculated 
from WLF eqn No.1.  
 
     From the chosen model in Fig.1 and 
for the incompressible linear 
viscoelastic material undergoes 
environmental temperature change, the 
total stress will expected to be as: 

thermalicviscoelastelastictotal σσσσ ++=     
         (25) 

      So that:      
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t D t D t dt K T x t T xσ ε ε α= + − −∫

                                                         (26) 
α - thermal expansion which is constant 
in time . 
     By minimizing the equation of 
potential energy we can solve Eqn.- 26  
     The minimum potential energy M 
can be expressed as [Bath 1995]:  
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                                                          (27)     
Fv : is the body force  per unit volume   
Fs : is the load of surface traction  
     By substituting Eqns 26 , 14 into 
Eqn 27 and minimization  with respect 
to nodal displacements the total 
potential energy can be written as :  
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     Solving Eqn 25 will give the values 
of displacements for all nodes in the 
structure of interest.  
     Then stresses can be obtained by 
solving Eqn 26.  
      For incompressibility conditions it 
is more convenient to separate the stress 
matrix {D} into two components (shear 
and bulk) [Amada 1997] as:  
[ ] [ ] [ ]bs DDD +=                        (29) 
       And by  applying a selective 
integration procedure [Saabye 2000] , 
which is third order Gauss rule for shear 
components and second order Gauss 
rule for bulk components.  
     This will make some equilibrium 
between shear and bulk components. 
 

RESULTS AND DISCUSSION  
The first step is obviously to test the rate of 
convergence and the other features of the   
process.The process of numerical analysis 
described in this research is applied into 
two problems which was solved by 
Zienkiewicz and Ghasak respectively. 
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The first problem shown in Fig 2 is a 
cylinder of Viscoelastic material 
surrounded by a case of steel and subjected 
to an internal pressure suddenly applied at t 
= 0 and maintained thereafter at a 
magnitude Po.  
 
The Viscoelastic material is assumed  to be 
isotropic with the following properties 
[Zienckwiecz 1968]: 

01
=

Kcreep
  

Go = 2584.125 * 105      N/m2  
K= 6891* 105  N/m2  

G(t) = 2584.125*105 + 3* 105 e -0.57τ     
Ts=75 C 
     The properties of steel case is taken as :  
E= 206.73 GPa  
ν = 0.3015  
     The results obtained by applying the 
method of Viscoelastic technique which 
compared with the solution by Zienckwiecz 
as shown  in Figs 3 and 4, where the 
variation of radial and circumferential 
stresses with time is shown. 
There are very small differences from the 
values of the solution by Zienkiewicz.  
The points from finite element solution are 
obtained by averaging stresses across the 
element boundaries .  
     The curves presented are obtained by 
taking a time step of ∆ t = 0.5  
 
It can be shown that the main 
computational advantage of this method 
over others lies in the fact that larger time 
steps can be taken.  For example in the 
Quasi-Elastic solution (Zienkiewicz 1968) 
to obtain the curve in Fig3 atτ = 3,a thirty 
time steps is used, and this required thirty 
solutions of a set of equations, the same 
curve is obtained by the method of this 
research using six time steps, as well as, the 
method can cover the environmental 
phenomenon like aging and temperature 
effects. 
The second problem shown in Fig 5 is a 
pavement subjected to constant pressure 
load with tire print diameter=300 
mm(actual contact area) and tire 

load=80 KN, Pressure=550 KPa for the 
Single tire. 
 
Data input in software of Asphalt concrete 
are exhibit in Table (3), the elastic solution 
is used for subbase and subgrade layers 
except asphalt material will be treat as a 
viscoelastic material . 
 
The elastic properties for Subbase is E=350 
MPa, υ=0.3and Subgrade is E=100 MPa 
υ=0.4 respectively, The mesh is shown in 
Figure 4 (1518 element-4-node).The results 
of rutting vs. number of load repetitions are 
shown in Figure 6 
 
Figure 7 shows the comparison of rut depth 
for various number of axle load repetitions 
between the proposed technique and 
Ghasak method (Ghasak 2008). It can be 
seen that generally there is a small 
difference between the two techniques 
ranges from 5% to 7%. 
 
Also this finite element model can be used 
for both the thermal and stress analysis 
(thermo-mechanical analysis) , the both 
thermal and force equilibrium are satisfied 
in each increment before the analysis 
proceeds to the next increment.    
     To capture the transient phenomenon for 
temperature displacements and applied 
loads , the time steps was taken small 
enough.  
     Using of the shifted time τ  in 
Viscoelastic solution enables us to include 
the thermal effect by using WLF equation ,  
as well as, using isoparametric element 
with local coordinates (ξ, η) enable us to 
use an element with curvilinear shape and 
cover the change in displacements with 
time.  
    
The problem of incompressibility is 
distinguished  by testing the ratio of bulk to 
shear modulus as following 
 

( ) 2(1 )
( ) 3(1 2 )

Bulk mudulus K
Shear mudulus G

ν
ν

+
=

−
 

For incompressible material  ν  approach 
0.5 and bulk modulus becomes large 
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relative to shear modulus. It is note that the 
use of these values in the finite element 
codes have not been tailored for 
incompressibility analysis and lead to very 
serious numerical errors caused by the ill-
conditioning resulting from the division by 
a value which is nearly zero, and more 
importantly," mesh locking" may occur 
,this refers to the inability to of an element 
to perform accurately in an incompressible 
analysis, regardless how refined the mesh is 
due to an over-constrained condition and 
insufficient active degree of freedom. 
It is noted that the element lock despite  the 
fact that its area has remained constant 
,resulting in the prediction of too small of a 
displacement and too large of stress.    
Using of selective integration and 
separation of bulk from shear components 
will improve the values of results for all 
permissible values of Poisson's ratio(ν ). 
 
CONCLUSIONS: 
 
Within the limitations of the present work 
and depending on the results of applying 
the proposed techniques the following 
conclusions can be inferred : 
• It can be use more time steps with an 
accurate results in this procedure compare 
with other                                                                                             
method. 
• It can coverage the aging phenomena and 
temperature effects. 
• It can coverage the incompressibility 
phenomena and make a solution for it. 
• It can be extend the procedure for most 
types of viscoelastic materials 
(compressible, incompressible, linear, non-
linear ,…..etc.)   
 
• It is recommended to extend the 
procedure for non-linear viscoelastic 
materials and using the procedure for 
rubber like materials. 
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NOMENCLATURE 

Symbol Definition Units 

aT 
C1 
C2 
E 
G 
J 
K 
P 
Ts 
t 
u 
v 
 

WLF shift factor 
WLF eqn. constant 
WLF eqn. constant 
Elasticity modulus 
Relaxation modulus 
Creep compliance 
Bulk modulus 
Pressure 
Reference temperature 
Current time 
Horizontal displacement 
Vertical displacement 
 

- 
- 

oc 
N/m2 
N/m2 
m2/N 
N/m2 
N/m2 

oc 
hr 

mm 
m 
 

Greeks letters 
Definition 

Units 

ε 
σ  
µ 
ρ 
τ 
υ 
ξ 
η 
 

Strain 
Stress 
Viscosity 
Density 
Current shifted time 
Poisson ratio 
Local horizontal coordinate 
Local vertical coordinate 
 

m/m  
N/m2 
N.hr/m2 
kg/m3 
hr. 
- 
m 
m 
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Matrices Definition 

[B] 
[δ ] 
[D] 
[F] 
[J] 
[N] 
[T] 
[X] 

Strain matrix 
Displacements matrix 
Stress matrix 
Elastic load vector 
Jacobian matrix 
Shape function  matrix 
Thermal load vector 
Coordinate matrixP 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table1 : The Laplace transform technique 
 

Constitutive equation. Laplace transform 
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Fig 2: Viscoelastic cylinder surrounded by Elastic metal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

_______Solution by Zienckwicks 
Fig3 Reinforced Cylinder Under Internal 

Pressure. Variation of Radial Stress
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Table 2 : Comparison of results with the solution by Zienckwiecz at 1τ =  

       

r/ro  
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Solution FEM 
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Solution 

by Zienkwiecz 
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Viscoelastic 

Solution FEM 

P
θσ−  

Solution by 

Zienkwiecz 

P
θσ−  

  

0.5 0.96 0.97 0.12 0.125 

0.6 0.87 0.875 0.24 0.247 

0.7 0.79 0.80 0.33 0.34 

0.8 0.77 0.78 0.41 0.415 

0.9 0.75 0.756 0.45 0.452 

1 0.74 0.748 0.48 0.49 

 
 

___Solution by Zienckwick
 Fig4 Reinforced Cylinder Under Internal Pressure. Variation 

of Tangential Stress.
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Fig. 5  : Pavement Layer configuration . 
 
 
 

Table 2: Viscoelastic Material Properties for Asphalt Layer under Temperature 
Ts= 23 C 0(Ghasak 2008).  

. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Time of loading Creep 
compliance J(t) 

(1/MPa) 

Relaxation 
modulus G(t) 

(MPa) 

Bulk  
modulus 
K(t)MPa 

0.1 0.0048 208.43 231.6 
0.25 0.0063 158.1 175.7 
0.5 0.0084 118.12 131.25 
1 0.0092 108.47 120.5 
2 0.01 94.63 105.14 
4 0.012 83.5 92.78 
8 0.0132 75.5 83.9 
15 0.017 58.37 64.9 
30 0.0198 50.34 55.9 
45 0.021 46.75 52 

Asphalt Concrete 

Subbase 

Subgrade

8" 
20 cm 

12" 
30 cm 

40" 
100 cm 

Applied Load 

8",20.56cm 
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Fig 6 :Finite Element mesh for pavement layers configuration. 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig 7 : Comparison  between the Proposed procedure and Ghasak method.  
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APPENDIX 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Flow Chart 

Finite Element 2D for 
solving Viscoelastic 

problem  
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ABSTRACT 

       Due to the popularity of radar, receivers often “hear” a great number of other transmitters in 

addition to their own return merely in noise. The dealing with the problem of identifying and/or 

separating a sum of tens of such pulse trains from a number of different sources are often received on 

the one communication channel. It is then of interest to identify which pulses are from which source, 

based on the assumption that the different sources have different characteristics. This search deals with a 

graphical user interface (GUI) to generate the radar pulse in order to use the required radar signal in any 

specified location.   

 

KEY WORDS 

Identification ; Target ; Electronic Warefare ; Radar Pulse ; Graphical User Interface. 
 

INTRODUCTION 

The continuous growth of air traffic increases 

demand to determine reliable algorithms and 

systems to tell where, on what altitude and how 

fast an aircraft is moving, as well as whether 

that aircraft of interest is friendly, foe or 

neutral. In general, this is referred to as a 

tracking. When something is under tracking, it 

implies that the current object is a target. In the 

sequel, tracking can be defined more precisely 

“as processing measurements obtained from a 

target in order to maintain an estimate of its 

current state, which typically consists of 

kinematics components (such as position, 

velocity, acceleration etc.) and other 

components (radiated signal strength, spectral 

characteristic, feature information etc.). 

Emphasis of the word “state” implies that 

scientists in tracking field are mainly 

concentrated in estimating the trajectory of the 

target. The use of the word “state” is 
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ambiguous, exact meaning depends always on 

the context [Hau00]. 

       Defense systems dealing with tracking are 

important in the warfare because the present 

aircraft and vessels may be quick and 

destructive. Therefore, tracking systems are 

required to be as highly intelligent as possible. 

Software package presented in this paper 

comprehends GUI [Alb03] to achieve more 

reliability in tracking system in order to solve a 

given problem, e.g. the identification problem.  

This paper is organized as follows: The 

principles of the target tracking and the 

electronic warfare system are presented in 

section 2, and section 3, respectively. While the 

receiving system and the radar signal 

description are presented in section 4 and 

section 5, respectively. The parameters to be 

identified and the simulated results are 

presented in section 6 and section 7, 

respectively, finally the conclusion is 

represented in section 8 followed by the 

references. 

TARGET TRACKING 

In the civilian aviation the target’s velocity, 

height, position and heading can be easily 

solved, because all targets are cooperative by 

default. When dealing with defense 

applications, qualities listed above are not 

enough. In fact, they are not even considered 

first. In the military field, the most urgent is to 

know whether the target of interest is friendly 

or hostile. After then questions as “What is the 

type of the target?” and “What is the target 

threatening?” rise. Problem that deals with the 

type of the target is referred to as an 

identification problem. An example of tracking 

system, with using identification network 

(Bayesain network)in association, is illustrated 

in Fig.(1) [Vac93]. 

 The identification procedure is as 

follows; Targets emit signals, which can be 

detected by sensors, when a sensor has detected 

a signal, it will be modified and transmitted to 

the identification system. Then identification 

system processes all observations and results a 

type probability function, which is returned to 

the operator. An example of the identification 

system is illustrated in Fig.(2). 

 

ELECTRONIC WARFARE SYSTEM  

       Electronic warfare (EW) receivers will be 

the assumed approach. It takes many distinct 

forms, such as detecting and degrading the 

performance of a hostile radar, intercepting and 

disrupting enemy communications, decoying 

aircraft and ordinance and confusing the 

enemy’s perception of the tactical area. It 

represents a necessary investment to protect 

friendly weapon platforms [Sch86]. 

       The basic concept of EW, is to exploit the 

enemy’s electromagnetic emissions in all parts 

of the electromagnetic spectrum in order to 

provide intelligence on the enemy’s order of 

battle, intentions, and capabilities, and to use 

countermeasures to deny effective use of 

communications and weapons systems while 

protecting one’s own effective use of the same 

spectrum [Tsu86].   

        The modern concept of EW as a vital and 

basic element of military strategy, which when 

used in concert with other military assets, 
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provides a method of neutralizing an enemy 

force (force divider effect) while 

simultaneously enhancing the power of a 

friendly force (force multiplier effect). Thus 

EW is defined as a military action involving the 

use of electromagnetic energy to determine, 

exploit, reduce, or prevent hostile use of the 

electromagnetic spectrum and action which 

retains friendly use of the electromagnetic 

spectrum. Fig.(3) illustrates the functions 

performed in a modern tactical EW system. 

Electronic warfare systems are used in military 

actions to protect resources from enemy threats. 

In EW, as in other electronic system, simulation 

plays a vital role in training the operators to 

become proficient in using the equipment and 

recognizing threats. These systems can be 

organized into the three major categories or 

divided into three parts: 

•Electronic Support Measure (ESM), which 

collects information on the electronic 

environment. 

•Electronic Countermeasures (ECM), trying to 

disturb enemy systems. 

•Electronic Counter-Countermeasures 

(ECCM), trying to disturb the enemies ECM 

[Tsu86]. 

       The ESM and ECCM are referred to as 

passive systems because they do not radiate 

electromagnetic energy, while the ECM is 

referred to as an active system since it tries to 

disturb the enemy system by sending 

electromagnetic energy. EW encompasses the 

two major areas: ESM and ECM [Fan01]. 

ELECTRONIC WARFARE 

RECEIVING SYSTEM 

A simplified block diagram of an EW receiving 

system is shown in Fig.(4). The first block is 

the feature extractor, which represents the radio 

frequency receiver hardware, the parameter 

measurement and encoding circuitry. 

Figure(5) shows a diagram of the digital 

receiver.  The output of the feature extractor is a 

pulse descriptor word (PDW), which contains 

the feature values of the intercepted signal (i.e., 

frequency, amplitude, pulse width, time of 

arrival (in some cases) the signal’s azimuth and 

elevation bearing). 

       The PDW for each intercepted signal is 

stored in a pulse buffer for further 

processing. Modern EW receiving systems 

must operate in an increasingly dense signal 

environment. Hence, a large quantity and 

jumble of signals are intercepted that must 

somehow be stored in a timely and efficient 

manner so that subsequent actions, such as 

identifying the signal’s origin, can be taken. 

The third block performs the sorting or 

deinterleaving function by clustering the 

incoming radar pulses into groups. In 

principle, each group or cluster should 

represent a single radar or emitter. 

       However, the task of isolating a 

particular signal from a specific emitter can 

be difficult to accomplish, since the 

parameter boundaries between different 

signals may overlap, and since factors such 

as measurement error can cause the 
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measured characteristics of the signal to 

become inexact or “fuzzy”. A proper choice 

of the signal parameters that are used for 

sorting as well as a proper assignment of 

their relative importance in the decision 

process can minimize some of the problems 

caused by inexact or ambiguous signal 

characteristics. For example, one signal 

parameter that can be very useful for signal 

sorting or deinterleaving purposes is the 

direction of arrival (DOA) of the 

intercepted signal. Unfortunately, this 

parameter may not always be available, 

since many EW systems cannot measure a 

signal’s DOA. Moreover, in highly 

dynamic situations, signal's DOA may be 

changing too rapidly to be of practical use. 

       Consequently, many EW systems must 

rely on other parameters, such as frequency 

or pulse width, to sort the received signals. 

Therefore, the problem of making decisions 

based on inexact or ambiguous evidence 

will always be present to some degree. 

        Intercepting and then isolating the 

signal(s) of interest is(are) not the end goal 

of a large array of EW receiving systems. In 

many cases, the intercepted signal must also 

be ascribed to a specific radar or class of 

radar in the environment. For example, 

ECM systems must determine the identity 

of a victim radar or threat before the 

appropriate jamming technique can be 

selected. The task of determining the 

identity of an intercepted signal is laden 

with uncertainty, since the evidence (data 

cluster) itself contains uncertainty, and 

since each stage in the identification 

process introduces additional uncertainties. 

Nevertheless, an accurate identification 

must be made; in some cases, an error can 

be fatal. 

    The final two blocks support the task of 

identifying and classifying the intercepted 

signals.  The fourth block, the pattern 

extractor and tracker (PET), uses the stored 

information from the deinterleaver to 

compute any patterns (e.g., the pulse 

repletion interval  (PRI) pattern) that may 

be contained in each data cluster (emitter) 

by using the appropriate data item from the 

PDWs stored in a cluster. The final and 

fifth block is the classifier, which describes 

each data cluster in the PET to a particular 

emitter. 

         The identity of a particular signal is 

usually inferred by correlating the observed 

characteristics of that signal with those that are 

stored in the electronic order of battle (EOB), 

which is a list that contains the identity and 

signal characteristics of all known radars or 

those likely to be encountered [Vac93] 

       Major applications of EW receivers serve 

three purposes in EW system: they warn of 

enemy radar (radar warning receiver (RWR)), 

they support electronic jammers (electronic 

countermeasures (ECM)receiver), and they aid 

reconnaissance (electronic intelligence (ELINT) 
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receiver). The requirements for each of these 

functions are different, and so in most situations 

they are supported by different receivers 

[Sch86] 

 

RADAR SIGNALS: CW PULSE, RF 

PULSE TRAIN AND CHIRPED TYPE 

SIGNALS 

Most radars are designed to transmit a 

continuous train of RF pulses in order to 

perform target detection. These RF pulses have 

the same power, and share a common antenna 

for transmitting and receiving signals. For 

Continuous-Wave (CW) radars, the pulse is 

transmitted continuously, often through a 

separate transmitting and receiving antenna. 

Both of these radar designing operate mainly at 

a single frequency. For a high-resolution 

modern radar, see eq.(1), it requires a wide 

radar bandwidth to increase the information 

about the location and the identity of target, 

 

resolutionRadar

bandwidth

velocitynpropagatio
rs ×

=∆
2

)(        (1)[Hau00] 

 

       Pulsed radar signals, are predominantly 

pulsed with widths varying between 0.1micros 

and tens of microseconds. so they are 

transmitted as periodic pulse trains. 

       A chirped pulse is a RF pulse consisting of 

a sine wave that is phase modulated in such a 

way that linear frequency modulation results 

across the pulse duration. By statistical 

definition, a linear chirped sinusoidal signal is a 

non-stationary signal and is described as: 

                  

φπ ⋅Ψ+= 2/2(exp)( 2nfnjPns x )   

                                                       (2)[Hau00] 

Where Ψ is the chirp rate of the signal, f is the 

centre frequency, n is the time period and φ  is 

the constant phase of the signal. The signal 

amplitude xp  is constant but the signal is 

non-stationary due to the chirping of the 

frequency that sweeps linearly with time. The 

input signal )(nx  is given by: 

)()()( nnsnx η+=                       (3)[Hau00] 

where η (n) is a zero mean white noise 

(Gaussian) signal with noise power of P π . 

Different radar signal properties are graphically 

illustrated in Fig.(6) [Bro79,Tin01]. 

 

PARAMETERS TO DETECT 

      A radar receiving system is generally used 

to extract the features of each input pulse, 

including RF, amplitude (Amp), pulse width 

(Pw), angle of arrival (AOA), time of arrival 

(TOA), and modulation of pulse (MOP). Other 

parameters measured are pulse repetition 

interval (PRI) and burst repetition interval 

(BRI). PRI indicates how often pulses arrive 

and BRI indicates how often groups of pulses 

arrive. For a detailed discussion about the 

quantities that an EW receivers receive, one 

should refer to chapter three into  [Sch86]. 

        According to these features, the 

deinterleaver wants to cluster pulses which are 

emitted from distinct emitters into distinct 
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groups. The ability of a radar system to 

determine and resolve these important target 

parameters depends on the characteristics of the 

transmitted radar signal. 

 

Fig.(7): Pulse train signal with its time 

frequency 

The train of interleaved pulses is processed in 

the ESM receiver to identify for each pulse the 

center frequency, amplitude, PW, TOA and 

bearing (or AOA), see fig.(8) The information 

is then input to a pulse sort processor,  which 

deinterleaves it into the PRI appropriate to each 

emitter. Further comparison against a store of 

known radar types permits the generation of an 

emitter list, classified with threat significance. 

Depending on the detected radar signal the pilot 

of an airplane gets information of the threat he 

is exposed to.  

 

The receiver subsystem detects the radar pulses 

and measure the individual parameters, (the 

digital words a receiver generates and passes to 

a digital processor). The availability, resolution 

and accuracy of these measurements must all be 

taken into account when designing the 

deinterleaving system. Obviously, the better the 

resolution and accuracy of any parameter 

measurement, the more efficiently the 

preprocessor can carry out its task. However, 

there are limitations on the measurement 

process from outside the ESM system (e.g. 

noise, jamming, and multipath), inside the 

system (e.g. timing requirement) and from cost-

effectiveness considerations.  

SIMULATION RESULTS 

In the following section different types of the 

radar signals will be evaluated by the 

radar_parameter_generation GUI  package, 

from the applied signal flowgraph shown in 

Fig.(9), the signal shown in Fig.(10), some 

other samples of generated signals from ther 

applied simulink shown in fig.(11), are shown 

in Fig.(12) and (13). 

As a short summary, the following individual 

units are used in Fig.(9): they are further 

divided into different modules and sub-modules 

in order to manipulate different types of input 

data. 

The Input Unit, 
The Digital Signal Processing Unit, 
 The EA Strategy Unit, 
 The Human Computer Interface Unit, 
The Output Unit, 
 The Control and Management Unit, and 
 The Power Calculation and Evaluation Unit.  

 

Matlab-Simulink, the processing and analyzing 
phases applied onto the received IF signals. It 
has the function of reading out the data samples 
of the digitized IF signal of constant, chirp, or 
nonlinear frequency modulation, converting the 
digitized IF into video signal, measuring 
processed video pulse parameters and 
displaying time and frequency drawings of 
input and video signals. Fig.(11) shows the 
implemented model. 
 

CONCLUSION 

  From the above results, the generated 

electronic order of battle can be obtained, 

hence, in order to identify any target, the only 

requirement is to compare it with the available 

standard table.  
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Fig(1): Illustration of a tracking system 
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Fig.(2): illustration of the identification procedure. 

 
 

Fig.(3): Functional structure of EW system. 
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Fig.(4): General block diagram of an EW receiving system 

 

 

 

Fig.(5): Functional block scheme of a digital EW receive. 
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Fig.(7) illustrates (a) CW pulse train signal with its time-frequency representation (b) CW chirped 

train signal with it time-frequency representation [Bro79]. 

 

 

 
 

Fig.(8):Parameters measured by receiver. 
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Fig.(10): Simulated sample of Radar signal. 
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Fig.(11): The simulink to generate a signal.  

 

 

 

 

Fig.(11): Second sample of the radar signal. 
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Fig.(12): Third sample of the radar signal. 
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ABSTRACT: 
Delays occur commonly in construction projects. Assessing the impact of delay is sometimes a contentious 
issue. Several delay analysis methods are available but no one method can be universally used over another in 
all situations. The selection of the proper analysis method depends upon a variety of factors including 
information available, time of analysis, capabilities of the methodology, and time, funds and effort allocated to 
the analysis. This paper presents computerized schedule analysis programmed that use daily windows analysis 
method as it recognized one of the most credible methods, and it is one of the few techniques much more 
likely to be accepted by courts than any other method. A simple case study has been implemented to 
demonstrate the accuracy and usefulness of the proposed delay analysis model. The results of the study 
indicate that the outcomes of delay analyses are often not predictable that each method may yield different 
results. The study also revealed that depending on the time and resources available, and the accessibility of 
project control documentation, one method may be more practical or cost-effective. 
 

 
KEYWORDS: Construction Management, Scheduling, Delay Analysis, Computer Applications, 
Claims Management, Construction Law. 
 

  :الخلاصة
توجد عدة طرق لتحليل التـاخير      . موضع نزاع وغالبا ما يكون تقييم تاثير التاخير       . تحدث التاخيرات كثيرا في المشاريع الانشائية     

 يعتمد اختيار طريقة التحليل الصحيحة على مجموعة من العوامـل           .لكن لا توجد طريقة واحدة يمكن ان تفضل على اخرى في كل الحالات            

برنـامج   يقدم هذا البحـث    . التمويل والجهد المخصص للتحليل    توفرة و وقت التحليل و قابلية التقنية المستخدمة والوقت و         مات الم ومنها المعل 

حاسوبي لتحليل الجداول والذي يستخدم تقنية النوافذ اليومية باعتبارها احدى اكثر الطرق الموثوقة و واحدة من الطرق القليلة التي تقبل بهـا                      

تشير نتائج الدراسة    ..دراسية بسيطة من اجل توضيح دقة وفائدة برنامج تحليل التاخير المقترح          تم طبيق حالة    . ن اي طريقة اخرى   المحاكم م 

 الوقـتِ   ه بأنّ  ايضا كَشفتْ الدراسةَ  .قد تعطي نتائج مختلفة   ذلك بان كل طريقة      الى أن نتائج تحليلات التأخيرفي اغلب الاحيان ليست متوقعة        

  .كثر ربحاًالأعمليةَ أَو ر كث الأقَد تَكُون  طريقة هي العوامل التي تحدد اي المشروعِالى وثائق مراقبة ة وامكانية الوصوللمتوفروالمصادر ا
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 INTRODUCTION: 

Delays in construction can cause a number 
of changes in a project such as late completion, 
lost productivity, acceleration, increased costs, and 
contract termination. The party experiencing 
damages from delay needs to be able to recognize 
the delays and the parties responsible for them in 
order to recover time and cost. However, in 
general, delay situations are complex in nature. A 
delay in an activity may not result in the same 
amount of project delay. A delay caused by a party 
may or may not affect the project completion date 
and may or may not cause damage to another 
party. A delay can be caused by more than one 
party; however, it can also be caused by none of 
the parties (such as unusually severe weather 
conditions). A delay may occur concurrently with 
other delays and all of them may impact the 
project completion date. A delay may sometimes 
contribute to the formation of other delays.  In 
construction contracts, schedule delay analysis is 
commonly conducted to demonstrate cause and 
effect relationships of time-related disputes. 
Schedule delay analysis makes use of the as-
planned schedule, the as-built schedule, and 
schedule updates. CPM schedules add another 
dimension to schedule analysis as they provide 
schedule analysts with a critical path, float 
consumption, and the opportunity of utilizing 
what-if methodology. CPM has long been accepted 
by courts as an effective tool to evaluate the 
impact of delays (Arditi and Pattanakitchamroon 
2006). There are many delay analysis methods that 
have been used by researchers and practitioners 
and these are known by different terminologies 
among practitioners and researchers. The results of 
delay analysis may be influenced by the method 
selected and therefore the selection of the most 
appropriate method is of importance to all parties 
concerned. 

The objective of the study presented in this 
paper is to introduce a computerized schedule for 
delay analysis that incorporates daily windows 
analysis method and also to develop decision 
support system for selecting the suitable delay 
analysis method. 

 
DEFINITION OF DELAY: 
Time is the essence of a construction contract. A 
time period is specified as the contract duration. 
The legal obligations and rights associated with the 
concept of delay arise from the obligation implied 
in every contract that one party will not delay, 
hinder, or interfere with the performance of the 

other party (Vento and D'Onofrio 2007). Thus, 
whether the owner or the contractor (or 
subcontractor, as the case may be) is legally and, 
perhaps, financially responsible for the 
consequences of delay depends upon a 
determination of the event(s) and party(ies) 
contributing to the delay. 
The term “delay” in construction contracts has no 
precise technical meaning. It can be used in 
different sense to mean different conditions in 
project execution (Pickavance 2005). 
 Bramble and Callahan (1987) defined delay as 
“the time during which some part of the 
construction project has been extended beyond 
what was originally planned due to an 
unanticipated circumstance”. 
Assaf and Al-Hejji (2006) defined construction 
delay as “the time overrun either beyond the 
contract date or beyond the date that the parties 
agreed upon for delivery of a project”. 
Delay was also defined as “an acts or events that 
extend the time necessary to finish activities under 
a contract” (Stumpf 2000). 
However, the term delay which will be addressed 
in this research means any occurrences or events 
that extend the duration or delay the start or finish 
of any of the activities of a project resulting in 
project late completion and that will only occur 
when the delay lies on the critical path of the 
programme. 
However, in general, delay situations are complex 
in nature. A delay in an activity may not result in 
the same amount of project delay. A delay caused 
by a party may or may not affect the project 
completion date and may or may not cause damage 
to another party. A delay such as unusually severe 
weather conditions can be caused by none of the 
parties. Delays can occur in any and all activities, 
and these delays can concurrently or 
simultaneously cause delays in the project 
completion (Arditi and Pattanakit chamroon 2008). 
A delay may sometimes contribute to the 
formation of other delays. In other words, a project 
delay is the accumulated effect of the delays in 
individual activities. 
As an example, a delay in the issue of drawings to 
a contractor can bring about consequences such as 
out-of-sequence work, work stoppages and poor 
morale. Shiet al. (2001) presented schematic 
cause-effect relationship of project delay as shown 
in Figure 1. 
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From causation perspective delays may be 
categorized under the following types: 
* Delays Caused By the Contractor:  
These include delays caused by parties for whom 
the contractor is responsible in law. Under most 
contracts the contractor is neither entitled to 
extension of time nor recovery of loss and/or 
expense and may have to pay damages/penalties.  
 
* Delays Caused By the Owner:  
These include delays caused by parties for whom 
the owner is responsible in law. In most standard 
forms, the contractor is entitled to extension of 
time and recovery of loss and/or expense caused 
by this type of delay. 
 
* Delays Caused By Neither Party:  
 these include delays for which neither the owner 
nor the contractor is responsible, e.g. exceptionally 
adverse weather conditions. Most contracts allow 
the contractor more time to complete but with 
no corresponding entitlement to recover any loss 
and/or expense caused and no damages/penalties 
assessed. 
Identifying delay impacts and allocating 
responsibility for delay events is more often 
argumentative because it involves one party’s gain 
and the other party’s loss. Delay analysis has 
developed as a means of providing the justification 
and quantification of the time and/or cost 
consequences necessary for resolving the different 
contentions (Braimah and Ndekugri 2009). It 
involves detailed 
investigation of project records, programmers and 
their updates, often on retrospective basis, and 
with the aid of a number of different approaches 
commonly 
termed “Delay Analysis Methodologies” 
 
DELAY ANALYSIS METHODS: 

There are four methods often mentioned in 
the literature that are professionally acceptable. 
They include: 

• As-planned versus as-built 
schedule analysis method, 

• Impact as-planned schedule 
analysis method, 

• Collapsed as-built schedule 
analysis method, and 

• Window analysis method, and 
they are known by different 
terminologies among 
practitioners. 

 

The as-planned vs. as-built method is the 
observation of the difference between an as-
planned schedule and an as-built schedule. The 
method identifies the as-built critical activities, 
compares these activities with the activities on the 
as-planned schedule, assesses the impact of delays 
on the project, identifies the sequences which 
actually define the duration of the project, and 
determines the causation and responsibility of 
delays that impact project completion. 

 
The impact as-planned method uses only 

an as-planned or baseline schedule for delay 
analysis. It is based on the theory that the earliest 
date by which a project is completed can be 
determined by adding the delays into the as-planned 
schedule. New activities that represent delays, 
disruptions, and suspensions are added to the as-
planned schedule and are used to demonstrate the 
reason why the project was completed later than 
planned. Contractors, who submit claims that 
involve a time extension, add only owner-caused 
delays to the as-planned schedule in the appropriate 
sequence to document the total project delay caused 
by the owner. 

 
The collapsed as-built method is also 

referred to as the ‘‘but-for’’ schedule method. This 
analysis is popular in claim presentations because it 
is easily understood. SCL defines it as a method 
where the effects of delays are ‘‘subtracted’’ from 
an as-built schedule to determine what would have 
occurred but for those events (SCL 2002). This 
approach is a method of choice when a contractor 
lacks an acceptable schedule during the project, or 
when no as-planned schedule was required in the 
contract. 

 
The window analysis method breaks the 

construction period into discrete time increments 
called “window” and examines the effects of the 
delays attributable to each of the project 
participants as the delays occur. It adopts the as-
planned schedule as its baseline, but the as-planned 
schedule is periodically updated at the end of each 
planned time period. The windows analysis method 
is distinguished from the impact as-planned and 
collapsed as-built analyses in the fact that it 
incorporates both party delays into the analysis. In 
addition to this advantage, window analysis also 
provides a disciplined basis for the contractual 
parties to keep a project schedule up-to-date and 
properly adjusted. The majority of the viewpoints 
reviewed in the literature agree that windows 
analysis yields the most reliable results. In spite of 
its advantages, this method still has limitations 
which are summarized as follows: 
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• Window size can have a significant impact on 

the results of the analysis. 
• Windows analysis has no mechanism for 

considering owner directed versus contractor 
acceleration. 

• Windows analysis procedures do not include a 
systematic approach for calculating the 
responsibility for delays when multiple baseline 
updates have been used at different 
construction stages.  

• Windows analysis does not consider the impact 
of resource over-allocation resulting from 
delays caused by various parties. 

Hegazy and Zhang (2005) introduced 
changes to the traditional windows analysis method 
in order to resolve some of the above limitations. 
They proposed a daily windows approach for 
apportioning concurrent delays and accelerations. 
The approach uses a window size of one day to 
account for all fluctuations that occur in the 
project’s critical path(s). However, this approach 
still does not consider other factors such as the 
effect of resource over-allocation and multiple 
baseline updates. To overcome this problem 
Hegazy and Menesi (2008) introduce improvements 
to the daily windows analysis in order to ensure that 
delay analysis considers multiple baseline updates, 
resource over-allocation and accurately apportions 
delays and accelerations among project parties. 

 
EASY PLAN PROGRAMME: 
Easy Plan (Hegazy 2007) is a computer 
programme which integrates estimating, 
scheduling, resource management, and project 
control. The Easy Plan program has been 
developed using the VBA language of Microsoft 
Excel software. Some of Easy Plan’s features that 
facilitate delay analysis are (Menesi 2007): 
 

• It allows the user to specify up to 3 
estimates (duration and cost) for each 
activity. 

• It allows the user to enter up to three key 
resources and to specify the daily limit of 
these resources. 

• It notifies the user if the resource limits are 
exceeded. 

• It allows the user to change the method of 
executing any activity. 

• It permits more than one baseline to be 
saved. 

• It allows the user to enter the daily 
progress of an activity as a percentage, or 
as a delay by a certain party. 

• It represents the project progress using two 
bars for each activity: the top represents 
the baseline, and the bottom represents the 
progress. Thus, it shows whether the 
actual progress is faster or slower than that 
planned. 

• It calculates and shows the actual project 
duration while the daily progress is being 

• entered, taking into consideration all the 
delays, accelerations, and slowdowns. 

• It allows the user to specify the project 
deadline and notifies the user if the project 
duration exceeds the deadline. 

The application of this schedule analysis 
programme is described in the following case 
study. Figure 2 is proposed as the flow chart 
describing the procedure of Easy Plan programme. 
 
COMPUTERIZED SCHEDULE 
ANALYSIS MODEL 
 
CASE STUDY: ANALYSIS OF DELAYS, 
ACCELERATIONS, LOGICAL 
RELATIONS AND RESOURCE OVER-
ALLOCATION 

A computerized schedule analysis with 
enhanced daily windows analysis has been 
presented in this study to accurately apportion 
delays and accelerations among the project parties. 
The model has been incorporated into a computer 
program, EasyPlan (Hegazy 2007), which 
integrates estimating, scheduling, resource 
management, and project control. 

 
CASE OVERVIEW: 
A hypothetical eight-activity project is considered 
as a case study to demonstrate the daily windows 
analysis. The activities, their optional estimates, 
their predecessors (logical relationships), and the 
amount of resources required for each activity are 
shown in Table 1. 
 

The contractor submitted an initial (as-
planned) schedule that satisfied its own resource 
constraints and met a 15-day deadline, which was 
accordingly approved by the owner. Actual 
progress, however, resulted in some schedule 
changes. Table 2 summarizes delay events during 
the course of work. An analysis is required to 
determine if the contractor is entitled for 
compensation by the owner, and to investigate 
whether the owner’s delay on day 6 warrants a 
request for compensation to cover the added 
expenses of accelerating Activity G. Although this 
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project is simple, the changes due to delays, 
accelerations, logical relations and resource over-
allocation make its delay analysis complicated. 
 
Using the Easy Plan Programme: 

Following the case study information, 
first, the general data for the project were entered; 
including the start date, working days, the key 
resource (L1) and its daily limit (6), project 
deadline duration (15 days), and other contract 
provisions, such as a $5,000 (U.S. dollars) daily 
penalty and a $50/day (U.S. dollars) indirect cost 
(Fig. 3). Next, the activities and their optional 
estimates were specified in an activities sheet, as 
shown in Fig. 4. 

Then, the predecessors of each activity 
were entered, as shown in Fig. 5. Since the 
contractor planned to use the first estimate for each 
activity (the cheap and slow option), the “method 
used” column, indicates an index of “1.” 
Accordingly, the project duration became 15 days. 
This 15-day schedule meets the deadline and also 
the six L1 resource limit at a total cost of $ 48,750. 
Therefore, the schedule was saved as a “baseline” 
for the project (Fig. 6). 

 

ACTUAL PROGRESS EVENTS: 

When the project moved to the construction 

stage, all progress events, including delays, along 

with all parties responsible were entered on a daily 

basis. In the progress sheet of Fig. 7, each activity 

has two bars: the top bar (light color) represents the 

baseline indicated as daily percentages (e.g. 

duration of two days means a progress of 50% for 

each day). The bottom activity bar (dark color), on 

the other hand, allows the user to record the actual 

events that were experienced during the execution 

of the activity. Initially, the actual bars were set to 

be the same as the baseline bars. Actual daily 

events are entered in one of two ways. They can be 

entered directly on the actual activity bar (bottom) 

or the user can click on the “daily progress” button. 

The daily events for an activity can be 

entered as either a progress or a delay. For Day 1 

(Fig. 6), the project progressed according to the 

planned. The contractor delayed Activity A on Day 

2, Day 3 and Day 4, which extended the project 

duration from 15 to 18 days as shown in Fig. 5, 

while Activity E progressed according to its 

planned duration. 

In response to the actual events that took 

place after Day 4, the contractor decided to run 

Activity H in parallel with Activity G and 

immediately after Activity F as a corrective action 

in order to accelerate the project by three days and 

finish the work by the planned date (Fig. 8). Since 

the owner and the contractor agreed to use a new 

baseline after this logical relationship change, a 

new baseline was then saved in Easy Plan. 

On Day 6, the owner delayed Activity D by 

one day. Although the delay did not affect the 

overall project duration, it caused a resource over-

allocation at Day 9, as shown in Fig. 9. This over- 

allocation implied that the owner’s delay on Day 6 

would later force the contractor to change the 

schedule or even delay some activities to avoid 

exceeding the resource limit. On Day 9, because of 

the resource limit, the contractor did not start 

Activity G due to its inability to proceed with the 

three Activities D, F, and G in parallel. Thus, 

Activity E and the project duration would be 

extended to Day 16, as shown in Fig. 10. 

To compensate for this 1-day delay, the 
contractor decided to accelerate Activity G, and 
accordingly accelerate the overall project by one 
day, by changing the method of executing Activity 
G. The faster and more expensive second method 
reduced the duration of Activity G to six days 
instead of seven. Consequently, the project duration 
became 15 days again (Fig. 11). This change also 
mandated another adjustment and the approval of a 
new baseline after Day 9. 

(Fig. 12) shows the As-built schedule of the 

project after entering all the events, in which the 

project finished on Day 17 with 2 days of net delay. 

 
Delay Analysis for the Case Study: 
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When the user selects “Windows analysis,” 
as illustrated in Fig. 13, the analysis is conducted, 
and a small window containing a summary result is 
presented (Fig. 13). 

The results summary indicates that the 
owner (O) was responsible for half day of 
excusable compensable delay, which was 
compensated by his half day of acceleration while 
the contractor (C) was responsible for five days of 
non-excusable delays, but he was compensated for 
four and a half day of them because of his 
acceleration.  On the other hand, the project 
duration, however, became 17 days due to an 
excusable (N) delay of one and a half day. 
 
DISCUSSION OF RESULTS: 

Detailed results of the delay analysis are 
presented in an automated report (Fig. 13), 
providing a detailed day-by-day analysis. For 
example (Fig. 14) shows the result of Day 5 to Day 
8. At the beginning of Day 5, a new baseline was 
entered because of the contractor’s corrective 
action. Since the new baseline duration was 15 and 
the previous baseline duration was 18, a 3-day 
contractor acceleration was accumulated. At Day 6, 
the owner caused a delay to Activity D which is 
critical. Therefore, no (O) was shown in the 
cumulative results of Day 5. However, the owner’s 
event on this day would lead to future resource 
over-allocation as indicated in the extra day of 
expected project delay (16 days instead of 15 days), 
as shown in the third column in Fig. 13. 
Accordingly, one (N) delay was accumulated in this 
case since it was not caused purely by the 
contractor (i.e., the owner was the reason). The 
report thus gives a traceable account of the basis for 
the results of the analysis. It should be noted that 
while the programmer suggests that an (N) is 
considered as a result of the owner’s impact on 
resource over-allocation (i.e., the contractor is 
entitled to a time extension but no cost 
compensation), it is possible to use any other 
agreed upon option (e.g., considering a 
compensable owner delay). In the event that the 
contractor’s own performance is the cause of its 
resource over-allocation, the presented schedule 
analysis approach has the advantage of clearly 
recognizing the situation and its implications on the 
remaining schedule and eligibility for delay claims. 

 
 

This validates the programme’s ability to 
distinguish the parties causing the delay, 
acceleration, logical relation and resource over-

allocation. As such, it is suitable for decisions 
related to cost and time compensation. 
 
 
CONCLUSIONS: 

The main study findings and conclusions 
are summarized as follows: 
• The reliability of delay analysis depends on 

the programming and record keeping practice. 
An analyst should meticulously review the 
data obtained from the project records because 
none of the methods yields reliable results if 
the information used is invalid. 
 

• There are a number of methodologies available 
for analyzing delays and these are differ from 
each other based on the type of schedule 
techniques required, the baseline schedule 
used and the mode of application in their use. 
Therefore, a fair and effective evaluation of 
delay impact is possible if the most 
appropriate delay analysis method is selected 
that provides a reliable solution with the 
information available and within the time and 
cost allocated for this purpose. 

 
• None of the existing delay analysis methods is 

perfect as each has its own strengths and 
weaknesses. Windows analysis method is 
clearly accepted by the literature as the most 
reliable delay analysis method among the four 
standard methods discussed in this research. 
However, the transient nature of construction 
projects not often allowing scheduling data 
being well documented as well as time and 
budget limitations lead a number of 
researchers to suggest that the choice of a 
simpler method may be sensible. 

 
• Daily windows delay analysis method is 

considered an accurate method and suitable to 
use as it takes into consideration the effects of 
baseline updates, resource allocation and the 
effects of actions taken by the contractor to 
accelerate the project and minimize potential 
delays as it usually ignored in delay analysis. 

 
• It is necessary for analyst to be very familiar 

with the capabilities of the software used in 
project scheduling and progress control in 
order to be able to generate legitimate 
schedules for the analysis. 

 
 

Expected 
Duration 

Cumulative 
Results 
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Figure.1 Cause-Effect Relationship of Construction Delays (Shi et al. 2001) 

 

 
Figure.2 Flow Chart Indicating the Easy Plan’s Procedure (Researcher) 
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Table 1: The Activities’ Estimates and Predecessors 

 Estimate 1 Estimate 2 

No. Activity Predecessor Cost Duration Resources Cost Duration Resources 

1 A - 6000 2 3    

2 B 1 6000 3 1 5000 4 1 

3 C 1 6000 3 1 5000 4 1 

4 D 1 6000 3 2 5000 4 2 

5 E - 6000 5 2 5000 6 2 

6 F 2,3,5 6000 4 3 5000 5 3 

7 G 2,3,5 6000 7 3 5000 8 3 

8 H 4,6,7 6000 3 3    

 
 
 

Table 2: Delay Events and Their Secondary Effects 
Day Description 

 

 

 
2,3 and4 

 

 The contractor delayed Activity A (3 days) on Day 2, Day 3 and Day 4, and accordingly, it was expected 

that the project would finish in 18 days. To recover the three-day delay, the contractor found that the best 

available option was to run some activities in parallel so that the project duration would be 15 days again. 

 

6 

On the sixth day, the owner delayed the start of Activity D, and therefore a resource over-allocation was 

expected for the next few days. 

 

 
9 

The contractor delayed the start of Activity G to his inability to proceed with three Activities D, F and G 

in parallel because of the resource limit. Therefore, the contractor voluntarily accelerated the project by 

using of a more expensive method for Activity G which shortened its duration from 7 days to 6 days. 

 

11 

Both the owner and the contractor caused delay to the project. The owner delayed Activity G while the 

contractor delayed Activity F. 

12 The contractor caused delay to both Activities F and G. 

 

14 

Activity F was delayed because of the slow progress of the contractor while Activity G was stopped due to 

inclement weather. 

 

16 

The project was accelerated by one-day because of the owner acceleration for Activity G and the 

contractor acceleration for Activity H. 
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Figure 3: Main Screen of Easy Plan 

 

 
 
 
 
 
 
 
 
 
 
 
                              Slow and cheap option     Fast and expensive option 

Figure 4: Activities’ Estimates 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

                               Logical relation      cheaper option                      Figure 5: As-Planned Schedule of the Project 
 

Start delays for resolving 
resource over-allocation 
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                                                             is used 

 
 
 
 
    First baseline was saved on 

         September 1 2009 

 
 
 
 

Figure 6: Saving the Project Baseline 

 

 
                                                                               Completed                                        Project is extended to 18 days 

Figure 7: Actual Progress at the end of Day 4 

 

H dependency on G removed                                                                  The project duration become   
                                                                                                                                                    15 days again because of the 

                                                                                                                                                  changed in logical relations 

Figure 8:  Project Schedule after a Change in the Logical Relations 
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                                              Resource over- allocation at day 9 
Figure 9:  Actual Progress at the End of Day 5 

 
 

 
 
 
 
 
 
 
 
       
                                                                                                                                                           The project duration 
                                                                                                                                                                     becomes 16 days 

Figure 10:  Actual Progress at the End of Day 9 
 

 
 
 
 
 
 
 
 
 
 
 
 
               
 Choosing a faster method for constructing activity G                           The project duration becomes 15 days    
  

Figure 11:  Changing the Method of Executing Activity G 
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Figure 12:  Actual progress at the end of Day 17 
 

 
 
 
 
 
 
 

Figure 13:  Summary of Delay Analysis Results 
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Figure 14:  Daily Windows Analysis Results of the Second Baseline (Days 5 to 8) 
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دراسة عملية لانتقال الحرارة بالحمل الحر لصفيحة مستطيلة الشكل مسخنة بثبوت 

  درجة الحرارة
  

  
         

  :الخلاصة
ونسبة ) Φ(تم اجراء عدد من التجارب المختبرية لاجل ايجاد علاقة بين رقم نسلت ورقم رالي وكذلك  لدراسة تأثير زاوية الميل 

لتسخين في معدل انتقال الحرارة بالحمل الحر من صفائح مستطيلة ذات ثقب مستطيل مسخنة ومستوى ا) mA(تثقيب المساحة 

نتائج الدراسة ). Ra≤3.96×106≥106(وضمن منطقة الجريان الطباقي لرقم رالي ، بثبوت درجة الحرارة وبوجود أسطح امتداد

) mA(ت الحرارة عند زيادة رقم كراشوف ونسبة التثقيب  يقل فيما يزداد انحدار درجا)δ(بينت إن سمك الطبقة المتاخمة الحرارية 

) Φ=90º(وان اكبر قيمة لمتوسط رقم نسلت سجلت عند الوضع العمودي .وكذلك عند زيادة زاوية الميل وصولا للوضع العامودي

) mA (سبة التثقيب وتزداد أيضا قيمة رقم نسلت المتوسط بزيادة ن). Φ=180º(واقل مقدارعندما يكون وجه الصفيحة الى الاسفل 

  .ورقم كراشوف

 .وحصل توافق جيد عند مقارنة النتائج العملية للبحث الحالي مع نتائج عملية وعددية لبحوث سابقة
 

EXPERIMENTAL STUDY FOR A NATURAL CONVECTION HEAT TRANSFER FROM AN ISOTHERMAL HEATED 
RECTANGULAR PLATE 

     
ABSTRACT 
An experimental investigation to know the effect of inclination angle (Φ), perforation ratio (m) and 
heating level on the rate of heat transfer by natural convection from isothermal rectangular flat plate 
(with and without rectangular hole) with extension surface. The experiments covered the laminar 
region with a range of Rayleigh number of order of 106 . 

The experimental study included the manufacturing of four rectangular models of aluminum 
(125mm) length,(64mm) width and (10mm) thickness and perforation ratio (m=0.0,0.2&0.28) 
respectively with heater for each model, and manufacturing a device allow fine movement of the 
thermocouple in three dimensions above the models surface with a capability  of inclination the 
models up to (180°) with horizon Practical Experiments achieved by using local measure method for 
finding the temperature gradient, thermal boundary layer thickness (δ) using thermocouples .The 
experiment has been done with variable inclination angle from horizon (0°, 30°, 90°, 145°&180°) and 
four heating level (Tw=50, 70, 90&110°C) in range of Grashof number (1.632×106≤ GrLo ≤5.973×106) 

for each model. 
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The results show that the boundary layer thickness (δ) decrease while the temperature 
gradient increase when Grashof number and perforation ratio (m) increase. The boundary layer 
thickness (δ) for incline position facing upward is more than facing downward while the temperature 
gradient is less. The average Nusselt number increases with the increase of inclination of plates facing 
upward to reach to the higher average Nusselt number at vertical position then decreases with increase 
of inclination of plates. Also Average Nusselt number value increases with increase of perforation 
ratio and Grashof Number. 

 
KEY WARDS: Natural convection, Rectangular plate, inclination angle. 

  
  :المقدمه

تصرف انتقال الحرارة بالحمل الحر من سطوح رباعيه 

تراوحت زوايا ميلهاعن الافق ، الاضلاع ودائرية مسخنة

)o— 0 o(180 ،  قد حظي باهتمام الكثير من الباحثين

لانتشاره الواسع في العديد من التطبيقات الصناعية واغلب 

حثون لذا اهتم البا. مجالات إزالة تأثير الحرارة السلبي

، بتحسين تصميم كفاءة الأجهزة من ناحية تصرفها الحراري

فعندما يصمم جهاز الكتروني أو كهربائي يكون الاهتمام 

بجعل الحجم والسعر أقل ما يمكن وهذا يعني احتمالات اكبر 

لمشاكل ارتفاع درجات الحرارة التي تتطلب أسلوباً أكفأ 

 لذا فان .للتبريد ونقل الحرارة من دون وجود المراوح

تطبيق مبادئ وأساسيات انتقال الحرارة بالحمل الحر في 

ومن اجل التوصل .التصميم والتصنيع هو الأنسب والأكفأ

 Pera) الى معرفة ما هو مناسب ،فقد قام عدد من الباحثين 

L.& Gebhart B.1973)  بدراسة طبيعة الجريان الحر

 الطبقة تأثير زاوية الإمالة في جريان ولانتقال الحرارة 

المتاخمة لانتقال الحرارة بالحمل الحر الطباقي من صفائح من 

الألمنيوم مستطيلة الشكل أفقية ومائلة عن الأفق بزوايا صغيرة 

(2o,4o,6o) لشرطي ثبوت درجة الحرارة والفيض الحراري 

وقد تبين ان إمالة السطح تؤدي إلى زيادة انتقال الحرارة 

 AL)وكذلك قام الباحثون .  طبقة المتاخمةونقصان في سمك ال

Arabi M.&Riedy M.1976 , AL Arabi M.& Sakr B. 

انتقال الحرارة بالحمل الحر بثبوت درجة بدراسة   (1988

على صفائح أفقية مربعة ومستطيلة مصنوعه من  الحرارة

ابعادها كبيرة نسبة الى ( مصنوعه من النيكل البراص ودائرية

يقات الهندسيه  كلوائح الدوائر الكهربائيه ابعاد بعض التطب

وجهها العلوي ) لبعض الاجهزة الالكترونية

ووجد إن . وبأبعادمختلفة لزوايا ميل متعددةمسخن

التحول من الجريان الطبـاقي إلى الجريان الاضطرابي يحدث 

وانه لا يوجد ،  للحالات التي تم دراستها107×4لرقـم رالي 

ة في قياس متوسط معامل انتقال تأثير لشكل حافة الصفيح

الحرارة  في حالة تساوي الاطوال المميزة لكل من الاشكال 

حضيت الابعاد الصغيرة نسبيا باهتمام الباحثن   وقد.المختلفة

 Kobus) الباحثينلاهميتها في الصناعات الالكترونيه فقد درسة

C.J.&Wedekind G.L. 2001)  عمليا انتقال الحرارة

ن أقراص أفقية بأقطار مختلفة بالحمل الحر م

5.2≤d≤19.97 mm وذات درجة حرارة ثابتة لمديات 

من اجل الحصول على علاقة لرقم نسلت ،مختلفة لرقم رالي

   .برقم رالي

كما اجريت مجموعة من الدراسات العملية والنظرية لصفائح 

لاسطح مستويه  واخرى مماثله تم ) (cm 9.6بطول مميز 

ن الداخل بثقوب ذات اشكال  متعددة تراوحت زوايا ثقبها م

 بهدف دراسة التصرف (180o – 0o)الميل فيها عن الافق

الحراري للحمل الحر لتلك الابعاد من الاسطح وكذلك دراسة 

فقد . تأثير ازالة منطقةانفصال الجريان او ما يعرف بالريشة

 (Waheed A.M. 2001)درست الاقراص والحلقات الافقيه

والصفائح المربعة  ،(Mohammed J.A. 2002)مائله وال

والدائري  (Ali  Th. H. 2007)ذات الثقب المربع 

(Wassan N. M. 2009)، وقد توصل الباحثين ان لزاوية

  تاثير ملحوظ على كمية الحرارة (mA)الميل ونسبة القطع

  .المنتقلة و مقدار متوسط رقم نسلت 

تخص الحمل الحر من أسطح ولان غالبية البحوث السابقة التي 

درجة حرارتها ثابتة تناولت الحلقات والأقراص الدائرية او 

المربعة 
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لذلك اختير في هذا البحث الأسطح المستطيلة والمستطيلة ذات 

بطول مميز ، مختلفة  ) mA(الثقب المستطيل وبنسب تثقيب

التي تدخل في الكثير من تطبيقات ) Lo=94.5mm(مقدارة 

 تناول البحث الحالي عمليا قيماً . الحراريسطوح التبادل

) سطوح التبادل الحراري(مختلفة من زوايا ميل النماذج 

 106×1.55(وضمن حدود منطقة الجريان الطباقي

≤GrLo≤5.88×106  ( لكون الجريان الذي يحدث فوق

  .الأجزاء الالكترونية غالباً ما يكون جريان طباقي 

  :الجانب العملي
تضمنت الدراسة ايجاد معامل انتقال الحرارة الموضعي    

- oc 50( والمتوسط عمليا لقيم مختلفة من درجات الحرارة 

70 oc -90 oc -110 oc ( لسطوح مستطيلة واخرى  ذات

 Φ  °180,°145,°90( لزوايا ميل عن الافق ,ثقوب مستطيلة

 لغرض إجراء الدراسة تم تصنيع جهاز . ) ,30°,0°=

يتضمن اسطح التبادل الحراري ، 1  بالشكلا مبينمختبري كم

عرض ،) mm 10(بسمك ) مصنوعة من الالمنيوم النقي(

)64mm  ( ،  وطول)125 mm  ( ، لنسبة مساحة تثقيب

مثبتة على اسطح ممتدة  )  mA = 0, 0.2 ,0.28(مختلفة

حول النماذج وبنفس المستوى لتنظيم جريان الطبقة 

 ) T(جات حرارية من نوع وقد استخدمت مزدو.المتاخمة

لقياس درجة حرارة اسطح التبادل الحراري والاسطح  الممتدة 

ولقياس درجة حرارة الهواء فوق سطح التبادل الحراري    .

لعمل ) U(فقد تم تصنيع ماسك على شكل )الطبقة المتاخمة (

 & .Cairnie L.R) .متحسس موازي لسطح النموذج

Harrison A.J. 1982)   آلية تحكم  لتحريك تم تصنيع

المتحسس مع الماسك فوق سطح الأنموذج بالابعاد الثلاثة 

)X,Y & Z (  و آلية أخرى للتحكم بأمالة مستوى النماذج

  .180 ° الى0°والسطح الممتد بزوايا مختلفة عن الافق من 

وقد وجد ان ،تم معايرة جميع اجهزة القياس المستخدمة

رارية لم تتجاوز   نسبة الخطء المحتملة للمزدوجات الح

كذلك تم تحديد اسطح التماثل للحالات ، ) ±0.09(

والمحور ، للاسطح الافقيةy وxالمدروسة بالبحث المحورين 

yالنماذج بشكل أفقي تيثبتب بدأ القياساتت .  للاسطح المائلة 

تجهيز المسخن بقدرة بعد .  التحكم بزاوية الامالةتميو

رارة لكل المزدوجات سجل درجات الحت،كهربائية معلومة 

الحرارية ولكل عشرة دقائق حتى الوصول إلى حالة 

بعد ذلك  .الاستقرار  مع السيطرة على درجة حرارة الحيز

توزيع درجة الحرارة فوق كل نقطة من نقاط قياس  تمي

التي تم تعينها على سطح التبادل الحراري و ،القياس

موضح  على سطح التبادل الحراري كما لمسافات متساوية

 (z) ولارتفاعات مختلفة محددة لمحور ،C1 بالشكل

سطح وبوساطة تحسس المزدوج الحراري الالعمودي على 

تسجل درجة . لحين الوصول إلى درجة حرارة المحيط

ثم تغلق الدائرة . حرارة العوازل ودرجة حرارة المحيط

يعاد تكرار . الكهربائية بعد الانتهاء من إجراء التجربة

الميل ولمستويات   لجميع زواياشار إليهاالخطوات الم

  .في البحث  المحددة التسخين 

  ليل النظري والحساباتحاالت

في التجارب بوساطة  التي تم تسجيلها درجات الحرارة

المزدوج الحراري تستخدم لحساب انحدار درجات الحرارة 

القياس المعينة على سطح التبادل الحراري  عند نقاط

 توزيع درجات الحرارة وبالتالي للحصول على معادلات

 ، يطبق هذا الميل حساب الميل عند السطح 

لحساب معامل انتقال الحرارة الموضعي اذ يتم انتقال 

الحرارة بالتوصيل لعدم وجود حركة للمائع عند السطح بين 

الطبقة المماسة للمائع وسطح الأنموذج على وفق قانون 

  .(Fourier’s Law) فوريير

وتم حساب معامل انتقال الحرارة الموضعي بالحمل الحر 

 :بتطبيق الموازنة الحرارية الآتية

         (1) 

 

 نحصل على معامل انتقال الحرارة (1)بترتيب المعادلة و

 :الموضعي بالشكل الآتي

 

                            (2) 

 

نتقال الحرارة من تكامل  يمكن  حساب متوسط معامل ا

معامل انتقال الحرارة الموضعي على سطح التبادل 

 :الحراري بالشكل الآتي 
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                         (3) 

 

 :تم حساب رقم نسلت الموضعي من المعادلة الآتية كما 

  

                              (4) 

 :ينتج  4) (ي المعادلةف) (2وبتعويض المعادلة 

 

                      (5) 

 

                         (6) 

 

 حيث إن 

  

       ،                                             

                  

 رقم نسلت من تكامليحسب متوسط رقم نسلت اما 

 :الموضعي على سطح التبادل الحراري بالشكل الآتي

 

           (7) 

 

 جميع خواص الهواء عند متوسط درجة حرارة بتم حسا

وتسمى درجة حرارة الغشاء كما في Tf)   (الطبقة المتاخمة 

 :الآتية المعادلة

 

                                (9)  

 

β =1/ Tf                                                                                                          

 حيث  ان

 

  فقد تم تعريفها آما يليالاخرىاما المتغيرات  اللابعدية

 

        ،  

    ،                                              
                                                                           
           

                                                                     
                                  

  :المناقشة النتائج و

الحرارة لسطح صفيحة  توزيع درجات يوضح 2الشكل 

-Z-X     & (Z)(في المستويين  ) النموذج الاول(مستطيلة 

Y)  180(لزاويا تميل عن الأفقo،145o،90o،30o، Φ =0o (

 Φ(لصفيحة مستوية ). GrLo=1.632×106(ولرقم كراشوف 

=0o (  وجود انحدار كبير في توزيع درجات يظهر الشكل 

حافات الخارجية مقارنةً بمركز الحرارة فوق السطح عند ال

هذا يعني ان أعلى درجة حرارة فوق الصفيحة . الأنموذج

المستطيلة الأفقية تكون عند خط المركز وتنخفض باتجاه 

الحافات الخارجية حيث اكبر قوة طفو لجزيئات المائع الأقل 

. كثافة تكون عند خط المركز لذا يتكون الانفصال الحراري

في درجات  ج عن الأفق يزداد الانحداروعند إمالة الأنموذ

الحرارة عند حافتي الأنموذج ومركز السطح ولكن مقدار 

 وذلك لان .الزيادة عند الحافة السفلى اكبر من الحافة العليا 

يزداد . منطقة الانفصال الحراري  تزحف باتجاه الحافة العليا

انحدار درجات الحرارة بزيادة زاوية الميل ليصل أعظم قيمة 

ثم يتناقص بزيادة ) Φ =90o(له عند إمالة الأنموذج بزاوية 

  الأنموذج وجهه المسخن إلى الأسفل ان يصبحزاوية الميل إلى

)Φ =180o( اذ يكون الانحدار في توزيع درجات الحرارة اقل 

انحدار درجات يكون تغير  .مما هو في الوضع المائل

لوضع الأفقي متناظراً ل) x-axis( بالاتجاه الجانبي الحرارة

)Ф=0º&180º(  اذ ان في حين يتغير قليلاً للوضع المائل
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انحدار درجات الحرارة عند المركز يكون قليلاً ويتدرج 

  .باتجاه الجوانب

فقد اظهرت تاثير وجود تقب عند   4 و 3الشكل   اما 

 توزيع درجات الحرارة مركز اسطح التبادل الحراري على 

الثالث و)  mA=0.2(النموذج الثاني   على سطح

)mA=0.28(عند الوضع الأفقي للنماذج . على التوالي

يلاحظ وجود ، )Ф=0º(ووجهها المسـخن إلى الأعلى 

انحدار كبير في درجات الحرارة فوق سطوح النماذج عند 

الحافات الخارجية في حين يكون اقل فوق الحافات الداخلية 

لنماذج لالإمالة عند زيادة .للثقب ويزداد بزيادة  نسبة التثقيب

فان انحدار درجات الحرارة يكون أكبر ما ، )Ф=30º(إلى 

ان أعظم قيمة . للسطح يمكن عند الحافة الخارجية السفلى

لانحدار درجات الحرارة تكون عند الوضع العمودي 

)Ф=90º .( بزيادة زاوية الميل الى)Ф=145 º)(وجهه ال

رارة  يتناقص انحدار درجات الح)المسـخن إلى الأسفل

 يزداد عموما.وصولاً إلى حالة التسخين باتجاه الأسفل

 لان  للثقبانحدار درجات الحرارة عند الحافات الداخلية

بزيادة نسبة  اغلب المائع يتصاعد عندها والتي يزداد تأثيرها

ويعتمد انحدار درجات الحرارة لزاوية ، التثقيب

 على نسب التثقيب أكثر من بقية زوايا )Ф=180º(الميل

 .الميل 

 
 يوضح تغير سمك الطبقة المتاخمة الحرارية 5الشكل 

)δ ( فوق سطح الانموذج الاول في المستوى)X-Y ( ولاربع

 , 106×5.973 ,106×4.856(مستويات من التسخين

3.732×106 GrLo=1.632×106,( , يمثل السمك)δ (

 ( درجة الحرارة اللابعدية  المسافة من السطح الى ان تصبح

0.02 =θ .(عندما تكون)Φ =0º ( يكون مقدار)δ ( قليل عند

الحافات ويزداد باتجاة المركز بسبب قلة كثافة جزيئات الهواء 

النموذج مما يدفع جزيئات الهواء للارتفاع الى  عند مركز

 زيادة كبيرة في امسبب) منطقة الريشةمكون مايعرف ب( الاعلى 

 امالة النموذج يعمل على .ة المتاخمة الحرارية  سمك الطبق

تحريك منطقة الريشة باتجاة الحافة العليا مسببا زيادة في 

 في حين ان تأثير ،  بعد المركز باتجاه الحافة العليا)δ(مقدار

 مشابه لحافات الأنموذج في  المائلالحافة السفلى للأنموذج

ن اقل سمك  ا.حالة الوضع الأفقي اذ يكون فيها اقل سمك

يكون عند الحافة السفلى ) δ(للطبقة المتاخمة الحرارية 

 .للوضع العمودي

يكون تدرج سمك ) Φ =180º(عند الوضع الافقي  

الطبقة المتاخمة الحرارية مابين الحافات الخارجية والمركز اقل 

زيادة رقم كراشوف يعمل . ) Φ =0º(من حالة الوضع الافقي

 . اخمة الحراريةعلى تقليل سمك الطبقة المت

فتبين تغير سمك الطبقـة المتاخمـة        6,7 الأشكالأما  

النموذج الثـاني  فوق سطوح  ) Z-Y(الحرارية في المستوي    

عند الوضع الأفقي للنماذج ووجههـا      . والثالث على التوالي  

يلاحظ ان سمك الطبقة المتاخمـة      ) Ф=0º(المسخن للأعلى   

 الداخلية التـي    يزداد من الحافات الخارجية باتجاه الحافات     

عنـد إمالـة    كذالك  ، عندها يقل السمك بزيادة نسبة التثقيب     

  اذ يكون لها اقل سـمك عنـد الوضـع العمـودي            النماذج

)Ф=90º (      وصولاً إلى حالـة    ثم يزداد بزيادة زاوية الميل

 سـمك   كـون ت حيث ) Φ =180º( التسخين باتجاه الأسفل

ويلاحظ ، مائلالطبقة المتاخمة اكبر عند المقارنة بالوضع ال      

تغير تدريجي في سمك الطبقـة المتاخمـة بـين الحافـات            

 فعند الحافات الداخلية  يقل سمك الطبقة المتاخمة         .والمركز

ر الحافـات   ثويـزداد تـأ   ،  المائع يتصاعد عندها   لان اغلب 

  .الداخلية بزيادة نسب التثقيب

 توضح تاثير تغير زاوية الميل على 10&8,9 الاشكال 

في ، لت الموضعي فوق سطح النماذج الثلاثة توزيع رقم نس

عند الوضع الأفقي ). Z-X & Z-Y(المستويين    

فان ، )Ф=0º(للأنموذج ووجهه المسـخن إلى الأعلى 

أعظم قيمة لرقم نسلت الموضعي تكون عند الحافات 

الخارجية وتتدرج تلك القيمة لتكون اقل ما يمكن عند 

داد قيمة رقم نسلت  تز النماذجعند إمالةولكن . المركز

الموضعي عند الحافة السفلى اذ تكون أعظم قيمة لها عند 

 للصفيحة وتتدرج لتقل باتجاه الحافة العليا، الوضع العمودي

 باتجاه المستوية، اما النماذج المثقوبة فقد تناقص رقم نسلت

الحافات الداخلية التي عندها تزداد القيمة قليلاً كما يزداد 

ي قليلاً عند الحافة العلوية الداخلية للثقب رقم نسلت الموضع

ثم يقل عند الحافة ، بسبب الجريان الإضافي في الثقب

أعظم ) Ф=90º(لوضع العمودي يكون ل.الخارجية العليا 

والزاوية ) Ф=145º( ثم للزاوية الموضعي  لرقم نسلتقيم

)Ф=30º (ويكون التغير بتوزيع رقم نسلت . وعلى التوالي

-y(قليل مقارنة مع ) x-axis(جاه الجانبي الموضعي بالات
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axis ( عند قيمة لرقم نسلت الموضعي حيث تكون اكبر

 ،الجوانب وتتدرج لتقل ثم تزداد عند الحافات الداخلية

وتكون قيمة رقم نسلت الموضعي للوضع المائل في حالة 

  .التسخين للأعلى اقل من حالة التسخين للأسفل

ط رقم نسلت للنماذج تأثير زاوية الميلان في متوس

 اذ، 11          الشكلولأرقام كراشوف مختلفة مبينة في 

في حالة التسخين إلى يلاحظ زيادة  قيمة متوسط رقم نسلت 

 قيمة له عند أعظممع ازدياد الميلان إلى ان يبلغ الأعلى 

 ثم يقل متوسط  رقم نسلت )ºΦ=90(الوضع العمودي 

 إلى و وجه الصفيحة تسخينبزيادة زاوية الميلان في حالة ال

  كذلك و.)ºΦ=180(الأسفل وصولاً  إلى الوضع الأفقي 

 بزيادة رقم كراشوف ونسبة رقم نسلت المتوسطتزداد قيمة 

جميع   فيرقم نسلت المتوسطالتثقيب فتكون أعلى قيمة ل

ولنسبة التثقيب ) ºΦ=90(التجارب عند الزاوية 

)m=0.28 ( وعند رقم كراشوف)106×5.973 .(  

ولايجاد المعادلات التجريبية الخاصة بالحالات التي 

وفق النتائج العملية التي تم الحصول عليها تناولها البحث 

ً  فقد تم  تمثيل متوسط رقم نسلت مع رقم رالي لابعديا

للصفيحة المستطيلة والمثقبة لمختلف زوايا الميلان بالمعادلة 

 :الآتية 

                   (10) 

 

  ثابت تعتمد قيمته على نـسب التثقيـب          حيث ان        

  هـو أس رقـم رالـي      nوزاوية الميل للأنموذج والثابت 

 تم الحصول عليها باستعمال      ، وقيمة الثابت     0.2وقيمته  

امـا صـيغ   ، الإحصائي ) STATISTICA 6.0(برنامج 

  الجدولسة فقد تضمنها المعادلات التجريبية للحالات المدرو

علـى  )الثـاني و الثالـث   ، الأول( للنماذج   12لشكل وا 1

 تكـون عنـد   التوالي ، ويلاحظ ان أعلى قيمة للثابـت      

الوضع العمودي وتقل وصولاً إلى الوضع الأفقي  وتـزداد          

  . بزيادة نسبة التثقيب

قطع يوضح زيادة متوسط رقم نسلت بزيادة نسبة ال13 الشكل  

عند زوايا ميل مختلفة لسطح التبادل الحراري بثبوت مـستوى          

يتم التخلص مـن منطقـة الانفـصال         وجود الثقب ب. التسخين

 يظهر 14الشكل   .الحراري التي تتكون عند مركز الصفيحة

 . مع البحوث السابقةلنتائج البحث الحالي توافق جيد

 الاستنتاجات

  :اظهرت نتائج البحث الحالي ما يلي •

للوضع المائل ) δ(ك الطبقة المتاخمة الحرارية سم •

في حالة التسخين باتجاه الأعلى اكبر من حالة التسخين 

باتجاه  الأسفل بينما انحدار درجات الحرارة في حالة 

التسخين باتجاه الأعلى اقل من حالة التسخين باتجاه 

) δ(وان اكبر سمك للطبقة المتاخمة الحرارية . الأسفل

لدرجات الحرارة يكون فوق مركز الأنموذج واقل انحدار 

بينما اقل سمك للطبقة ) ºΦ=0(الأول عند الوضع الأفقي 

واكبر انحدار لدرجات الحرارة ) δ(المتاخمة الحرارية 

عند ) mA=0.28(عند الحافة السفلى للأنموذج الثالث 

 ).ºΦ=90(الوضع العمودي

اكبر قيمة لرقـم نسلت الموضعي تكون عند  •

وتكون ، 90ºلسفلى للنماذج المائلـة بزاوية الحافـة ا

قيمة رقم نسلت   الموضعي للوضع المائل في حالة 

 . التسخين للأعلى اقل من حالة التسخين للأسفل

قيمة متوسط رقم نسلت لجميع النماذج تعتمد على  •

ورقم كراشوف ) Φ(وزاوية الميلان ) mA(نسبة التثقيب 

)GrLo ( ، نسلت بزيادة نسبة اذ تزداد قيمة متوسط رقم

التثقيب فتكون أقصى قيمة له عند الأنموذج الثالث بنسبة 

وكذلك يزداد متوسط رقم نسلت في ، )mA=0.28(تثقيب 

حالة التسخين إلى الأعلى مع ازدياد الميلان إلى ان يبلغ 

ثم يقل ) Φ=90º(أعظم قيمة له عند الوضع العمودي 

حالة التسخين متوسط رقم نسلت بزيادة زاوية الميلان في 

ً  إلى الوضع الأفقي  ، )Φ=180º(إلى الأسفل وصولا

وتزداد أيضا قيمة رقم نسلت المتوسط بزيادة رقم 

 .كراشوف

توافق جيد بين النتائج العملية للبحث الحالي مع  •

  .نتائج البحوث السابقة
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 :قائمة الرموز

 وحداتـه تعريفـه الرمـز

A ستطيلمساحة الم m2 

D قطر القرص m 

g التعجيل الأرضي m/s² 

GrLo رقم كراشوف على اساس الطول المميز  

h معامل انتقال الحرارة الموضعي W/m2.oC 

 W/m2.oC متوسط معامل انتقال الحرارة  

mA نسبة مساحة الثقب إلى مساحة (نسبة التثقيب

 )ستطيلةالصفيحة الم

- --- 

NuLo  نسلت الموضعي على اساس الطول المميزرقم ---- 

____ 
NuLo 

 ---- متوسط رقم نسلت على اساس الطول المميز

Pr رقم براندتل ---- 

R�Lo رقم رالي على اساس الطول المميز ---- 

T درجة الحرارة oC 
Tf درجة حرارة الغشاء oC 

T∞ درجة حرارة الهواء المحيط oC 

Tw سخنالم درجة حرارة السطح oC 

w عرض المستطيل m 

x,y,z الاحداثيات المتعامدة m 
α  ألانتشارية الحرارية m2/s 
β 1 معامل التمدد الحجمي/K 
Φ  زاوية ميلان الصفيحة عن المستوى الأفقي Degree 
υ  اللزوجة الكينماتية m2/s 
Ρ  كثافة المائع kg/m3 

θ  درجة الحرارة اللابعدية ---- 
δ المتاخمة الحراريةسمك الطبقة  mm 
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  .قة بين متوسط رقم نسلت ورقم راليالعلا) 1(جدول 

 الأنموذج الثالث الأنموذج الثاني الأنموذج الأول زوايا الميل

 

�=900 

 

         NuLo=1.274×RaLO
0.2   

 

NuLo=1.474×RaLo
0.2      

       

NuLo=1.526×RaLo
0.2    

 

�=1450 

 

  NuLo=1.212×RaLo
0.2 

 

NuLo=1.422×RaLo
0.2         

         

NuLo=1.497×RaLo
0.2      

 

�=300 

 

 NuLo=1.119×RaLo
0.2 

 

NuLo=1.294×RaLo
0.2         

    

NuLo=1.332×RaLo
0.2 

 

�=00 

 

NuLo=0.949×RaLo
0.2 

 

NuLo=0.949×RaLo
0.2         

 

NuLo=0.949×RaLo
0.2    

 

�=1800 

 

  NuLo=0.871×RaLo
0.2 

 

NuLo=1.164×RaLo
0.2         

 

NuLo=1.222×RaLo
0.2    
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 GrLo=1.632×106   نموذج ولعدد كراشوفتوزيع درجة الحراره فوق سطح الأ) 2(الشكل  
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توزيع درجة الحراره فوق سطح الأنموذج ولعدد كراشوف ) 3(الشكل  

GrLo=1.632×106 
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توزيع درجة الحراره فوق سطح الأنموذج ولعدد كراشوف) 4(الشكل   

GrLo=1.632×106 
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رقم كراشوف مختلفة ولأالأولسمك الطبقة المتاخمة الحرارية المقاس عملياً فوق سطح الأنموذج) 5(شكل  

 
 

سمك الطبقة المتاخمة الحرارية المقاس عملياً فوق سطح الأنموذج الثاني ولأرقم كراشوف مختلفة )6(شكل  
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سمك الطبقة المتاخمة الحرارية المقاس عملياً فوق سطح الأنموذج الثالث ولأرقم كراشوف مختلفة )7(شكل  

 

 
 

  الأنموذج الأول ولعدد كراشوفتوزيع رقم نسلت الموضعي فوق سطح )8(شكل

GrLo=1.632×106 
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  ولعدد كراشوفالثانيتوزيع رقم نسلت الموضعي فوق سطح الأنموذج  )9(شكل

GrLo=1.632×106

 
توزيع رقم نسلت الموضعي فوق سطح الأنموذج الثالث ولعدد كراشوف )10(شكل  

GrLo=1.632×106 

 

 

  رقم نسلت للأنموذج الاول والثاني والثالثوسطزاوية الميل عن الأفق على مت  تأثير)11(شكل
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علاقة متوسط رقم نسلت مع رقم رالي للأنموذج الاول والثاني والثالث) 12(شكل  

 
. 

على متوسط رقم النسلط) mA (تاثير نسبةالتثقيب) 13(شكل  

 

 

                                                  

 
متوسط رقم نسلت مع دراسات عملية وعدديه سابقةمقارنة ))3&2، 1(14(الشكل    

 

 



  الهندسةمجلة  2011     شباط    17المجلد    1العدد   
 

18 
 

  

  
 ةاثر المجتمع على العمار

  )دراسة تحليلية لتأثير الظواهر الاجتماعية على تحويرات الدور السكنية الحديثة في بغداد(
                                      

  غادة موسى رزوقي                                                             بان قيس آبه                 
                                        استاذ مساعد                                                                                         

                                                        جامعة بغداد\                                     قسم الهندسة المعمارية           جامعة بغداد\      آلية الهندسة 

                                                                         
  الخلاصة

ماعية الخاصة بالعائلة العراقية والمتغيرات المرتبطة بما يحصل في المجتمع واثرهما علـى انـواع التغيـرات                 لمتغيرات الاجت لهذه الرسالة هي دراسة     

اذ يكون البحث معالجا لمشكلة عدم وضوح المعرفة الدقيقة عن نوع العلاقة بين الظواهر الاجتماعية مـن  . التصميمية الحاصلة للدور السكنية بعد انشائها     

التحوير الحاصلة على الدور السكنية المنشأة، عند إشغالها من قبل الأسرة وذلك في العراق عموما وبغداد على وجه الخـصوص                    جهة وظواهر التغير و   

   )2005حتى .( عاما الأخيرة 50ضمن مدى زمني يعود لمنتصف القرن العشرين أي بحدود 

حجم وصيغة المتغيرات الاستخدامية التـي ظهـرت وتظهـر كتحـويرات            ويهدف البحث الى إيضاح نوع العلاقة بين الظواهر الاجتماعية وبين نوع و           

معمارية  في الدار السكنية الحديثة ، وذلك عن طريق تحقيق الأهداف الثانوية المتمثلة بإيضاح مفاهيم الظواهر الاجتماعية، وما تسفر عنه من متغيـرات                

 العامة التي حصلت على المجتمع العراقي عامة والأسرة العراقية والبغداديـة      إيضاح أنواع المتغيرات   و .عامة وعلى صعيد الأسرة على وجه الخصوص      

على وجه الخصوص وصولا الى رصد وتوثيق صيغ التحويرات والتغيرات الحاصلة على الدور السكنية بعـد إشـغالها وتـصنيف أنواعهـا معماريـا        

حيث تتمثل فرضية البحث العامة بإن الدار الـسكنية         . عد إشغالها الدار السكنية   واستكشاف صيغ ترابطها مع المتغيرات الاجتماعية الحاصلة في الأسرة ب         

صيغة معمارية شكلية تتجلى فيها مؤثرات الظواهر الاجتماعية مـن خـلال إعـادة              -هي صورة مادية اجتماعية للأسرة وتمثل التحويرات الحاصلة فيها        

ويبنـى البحـث    . وينيا انواع معينة من التحويرات مع حجم ونوع متغيرات اجتماعية معينة          وتتوازى زمنيا وتك  .تصميم العلاقات الفضائية بمستويات عدة    

اطارا معرفيا حول الموضوع في الفصل الاول متمثلا بتقصي المفاهيم الاساسية للمجتمع والخلفية النظرية للعمارة والنظم الاجتماعية الاسـرية وصـولا               

ويتوصل فيه الى   . الاجتماعية ومعنى التغير المعماري والدار السكنية      ثاني بالبحث التفصيلي لمفاهيم الظواهر    لبلورة فرضيته العامة بعدها يقوم بالفصل ال      

ثم يقوم بالفصل الثالث برصد ظواهر واحداث المجتمع العراقي وطبيعة الاسرة العراقية في بغداد وطبيعة التحولات الحاصـلة للـدار                    .فرضيته التفصيلية 

 عينة بحثية وزعت في ثلاثـة مجـاميع         42ات الاطار النظري وينتقل بالفصل الرابع الى الدراسة التطبيقية بالبحث الميداني في             ردفالسكنية مستخلصا م  

اعتمادا على المساحة البنائية لها واعتمدت شمولية المناطق والمساحات والخلفية الاجتماعية لاصحابها ومصادر تصميمها للخروج بنتـائج واسـتنتاجات                   

 .لميداني بعد تحليل النتائج ثم استنتاجات البحث النظري والتوصيات التطبيقية والاكاديمية للبحثالبحث ا
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THE SOCIETY IMPACT ON ARCHITECTURE  
 

ABSTRACT 
Designed spaces are usually left unobserved for academic purposes, after they have been brought to physical form, 
thus there is no broad knowledge base as to how the end user interacts with these spaces depending on certain 
functional needs and wants. It has been discovered through observation that the vast majority of designed spaces -
even smaller scale ones- are very likely to endure alterations. Hence it has proven easier to follow up with and record 
these architectural alterations within residential projects where living spaces can be changed due to simple and less 
complex family decisions. 
Previous readings of social and sociological type literature with relation to family forms and nature have revealed that 
there are clear limitations to knowledge involving the effects of society on architectural changes due to the absence of 
detailed information concerning the impact of social phenomenon on alterations in the architecture of modern 
Baghdad homes during the past five decades]. Baghdad is perhaps the foremost city in Iraq that has been affected by 
social changes, firstly, due to it’s being the [political and economical] capital of the country and therefore the first in 
line to absorb changes as opposed to other governorates. Secondly, these alterations in architecture are much clearer 
in Baghdad due to major political and economical changes which have been witnessed during these past fifty years, 
changes which have in turn affected the city's social contexts, thus leading to architectural alterations. 
Based on the abovementioned reasons, this research aims to prove the existence of a social impact on architectural 
alteration by: 
• Clarifying indications of changes within society in general. 
• Clarifying indications of changes within architecture in general. 
• Finding the link between both, the architectural and social phenomenon and their directions. 
• Showing evidence of changes within Iraqi society in general and within the Iraqi family specifically. 
• Showing evidence of changes within Iraqi architecture in general and within Baghdad houses specifically. 
• Clarifying the impact of family social changes on the practical manner of living and the designed spaces of 

residential houses. 
The research begins with the exploration of previous related studies of the main variables: 
(Society and architecture) and the link between them. After consuming the problem and expressing its aims, the thesis 
heads towards the exploration of the main aspects: Society, by studying social phenomenon and architecture, by 
studying its contents and process of change. After the comparison of these two variables, the thesis comes to a sub-
conclusion that architectural phenomenon is part of social phenomenon, which leads us to the main discussion of the 
research, a study of the main events that have affected Iraqi society and the nature of the Iraqi individual, focusing on 
changes within the Iraqi family as the main unit of society as a whole. The investigation then moves on to changes in 
the ideas of the Baghdad house. Points should be taken during the course of the study with regards to the elements 
which represent the main changes in these houses, namely: rearrangement of spaces, adding/subtracting areas, 
renewals and the moving. The theoretical frame work ends with a case study of 42 residential units in Baghdad and 
aspects of their social elements (independent factor) and the architectural changes (dependant factor), thus bringing 
the thesis to its conclusion. 
This research does not attempt to provide a description of these houses based upon a certain period of time, but rather 
why they have come to be the way they appear and the social aspects affecting their appearance.  
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  ُالمقدمة

بعد إتمام العملية البنائيـة دون  ) العمل التصميمي(المصمم غالباً ما يترك

وكيف تفاعلوا مع الفـضاءات     . متابعة كيفية تعامل أصحاب المبنى معه     

 ومن السهل ملاحظة ميل العديد من       ،المصممة والمعدة لأغراض محددة   

ان على نطاق بسيط جداً، بعد      المباني  المصممة للتحوير والتغيير، وأن ك      

لكن هذا التحوير قد لا يكون بسيطا وقد يتم إحـداث           .المرحلة التصميمية 

تغييرات كبيرة على المبنى بعيدة كل البعد عن طبيعة التصميم الأولي،و           

بالإمكان بشكل خاص ملاحظة هذه التغييرات بوضوح في الدور السكنية          

تغييرات بمجرد اتفـاق عـائلي      ،حيث الفضاءات المعيشية قابلة لإحداث      

بسيط، وبشكل عام فان أوضح أنواع التحويرات في الأبنية بعـد بنائهـا             

ومن ضمنها الدور السكنية ،هي في تغيير وظيفة فضاء معين واستبدالها           

لكن ما يلاحظ من ظـواهر      .بوظيفة أخرى، مما لا يقتضي تغييرا بنائيا،        

 بنائها في العراق، وتحديـدا      التغييرات الحاصلة على الدور السكنية بعد     

في بغداد، هو تعدد صيغها وأنواعها وحجمها، فجزء يسير منهـا يقـع             

ضمن أنواع التغير التي تناولتها دراسات الإسكان التي عنت بـالتغيرات           

الحاصلة ضمن حياة الأسرة وتغير عدد إفرادها تبعا لذلك، لكن ظـواهر            

ور السكنية فـي بغـداد ،       مهمة وكبيرة أخرى في أنواع التغيرات في الد       

وخاصة منذ منتصف القرن الماضي، تبقى واضحة حيث تظهر وعلـى           

نطاق واسع في جميع أحياء بغداد السكنية، ونلاحظ من منظور واسع أن            

في أنواع التغيرات الحاصلة، مما يرجح تشابه       ) تقاربا(أو) تشابها(هناك  

 الارتبـاط بـين     وتقارب أنواع المؤثرات ، مما يثير التساؤلات عن نوع        

الحاصلة فـي   ) السياسية والاقتصادية (وبضمنها  –المتغيرات الاجتماعية   

المجتمع العراقي، والمتغيرات المعمارية المنعكسة في أفعـال التحـوير          

  .والتغيير التصميمي زمنيا وفيزياويا في الدور السكنية المشيدة

ه بشكل  لكل عمل تصميمي نقوم ب    ) كتحد(ن أهمية هذا الموضوع تظهر      أ

عام ولتصميم الدور السكنية بشكل محدد لفهم المتغيـرات الاجتماعيـة           

الخاصة بالعائلة العراقية والمتغيرات المرتبطة بما يحصل في المجتمـع          

  .من أحداث وظواهر

وللبحث عن ما يغذي جزءا من مساحة هذه التساؤلات تم الاتجاه نحـو             

  .البحث بالأدبيات السابقة التي تطرقت للموضوع

 الادبيات السابقة-

يتضح من طبيعة الموضوع، أن الاهتمام به يأتي بـشكل عـام مـن              

مجالين، هما طرفا العلاقة وهذان المجالان هما المجـال الاجتمـاعي           

والذي ترتبط به النواحي السياسية والاقتـصادية والثقافيـة والمجـال           

المعماري ،ضمن دراسات في نظريات العمارة ودراسـات الإسـكان          

وفي كلا المجالين يطرح الموضـوع       .ات في التغير والمرونة     ودراس

بمستويات عدة، فمنها ما يشمل المفاهيم العامة ، ومنهـا التخصـصي            

 .والذي يتطرق للموضوع بما يقرب من اهتمام هذا البحث

ثقت بعض هذه الأدبيات بعض الظواهر الاجتماعية المرتبطة قد و

اصلة في حقب متباينة من القرن بالمتغيرات السياسية والاقتصادية الح

الماضي، لكن ما قدمته الأدبيات في المجال الاجتماعي بقي محصورا 

ضمن هذا المجال دون التطرق إلى انعكاسات الظواهر الاجتماعية 

وتغيراتها على جوانب حياة المجتمع وسلوكياته وانعكاس ذلك في 

  .المباني التي يستخدمها أفراده

 إن الدراسات المعمارية بشكل عام قد ولكن وجد من جانب آخر

تعرضت لمفاهيم التغير بالعمارة بصيغ التغير بالتوجهات المعمارية 

التصميمية وارتباطها بروح العصر ، كطروحات غيديون ودي كارلو 

، أما الدراسات التي عنت بالتغير الحاصل بعد أشغال المبنى فقد 

 في الأبنية مع درست بشكل عام الإضافات والتوسعات، الحاصلة

التركيز على نوع الإضافة والتغير كفعل إعادة تأهيل للأبنية التراثية 

والتاريخية كأطروحة رافي موسيس وأطروحة مهند جورج ، دون 

  .التطرق إلى خصوصية التغير في الدار السكنية

وعند التركيز على بعض الدراسات التي عنت بمتابعة التغيرات على 

ة وعلاقتها بخصوصية العائلة العراقية، مستوى الدور السكني

وارتباطها بما يحصل في المجتمع من تغيرات سياسية واقتصادية، 

نجد طرحا مهما يربط أحداث معينة في المجتمع بتغير أسلوب ونمط 

بالدار السكنية من قبل الأسرة ، وبالتالي نوع وحجم ) التفكير(

وعلى الرغم من . منالفضاءات المطلوبة من قبل هذه الأسرة عبر الز

ذلك فإننا نجد إن هذه الدراسات التي عنت بالتغير بالمتطلبات عند 

تصميم الدار السكنية، لم تعنى بدراسة التغيرات بعد الانتهاء من 

الأسرة، وهذه التغيرات هي التي  تصميم هذه الدار وإشغالها من قبل

ية في نلاحظها تظهر بإشكال وصيغ عديدة في الدور السكنية المبن

العراق عامة وبغداد خاصة، حيث تمثل بغداد المدينة الأكثر تأثيراً 

باعتبارها حاضرة العراق الأولى وبالتالي . بالمتغيرات الاجتماعية

. فهي الأولى في استقبال التغير الحديث نسبة إلى بقية مدن العراق

وهي الأكثر وضوحاً في مظاهر هذا التغير، الذي دأب على الحصول 

غير تلك الدار (بدء ظهور الدار السكنية المفردة أو الحديثة منذ 

وهكذا ) التقليدية المرتبطة والمتضامنة مع النسيج الحضري التقليدي



 
  غادة موسى رزوقي                                                                        دراسة تحليلية لتأثير الظواهر الاجتماعية على تحويرات( ةاثر المجتمع على العمار

  بان قيس آبه                                                                                                                           ) الدور السكنية الحديثة في بغداد
 

 

21 
 

 للدور السكنية تستمر  التحويرات على التصاميم الأصليةأن وجد

إلى غير ما بدأ عليه، وهنا تجدر  التصميم  حتى ينتهيبالحصول 

ات لا تحصل فقط على الدور التي تم تصميمها ملاحظة إن هذه التغير

من قبل معماريين او مصممين متخصصين فقط، ولكنها تشمل معظم 

  .اية حقبةالدور التي تبنى في 

  مشكلة البحث
  :بناءا على ما سبق فقد تبلورت مشكلة البحث كما يأتي

عدم وضوح المعرفة الدقيقة عن نوع وحيثيات العلاقة بين الظواهر          

ية من جهة وظواهر التغير والتحوير الحاصلة على الـدور          الاجتماع

السكنية المنشأة، عند إشغالها من قبل الأسرة وذلـك فـي العـراق             

عموما وبغداد على وجه الخصوص ضمن مدى زمني يعود لمنتصف          

لغاية تـاريخ إجـراء     ( عاما الأخيرة    50القرن العشرين أي بحدود     

  ).البحث

  
  أهداف البحث-

قة بين الظواهر الاجتماعية وبين نوع وحجم وصيغة        إيضاح نوع العلا  

المتغيرات الاستخدامية التي ظهرت وتظهر كتحويرات معمارية  فـي          

وذلك عن طريق تحقيق الأهداف الثانوية الآتية       . الدار السكنية الحديثة  

  :تباعاً

إيضاح مفاهيم الظواهر الاجتماعية، وما تسفر عنـه مـن           

بـشكل  مة وعلى صـعيد الأسـرة       عاعلى صعيد المجتمع    متغيرات  

  .خاص

إيضاح أنواع المتغيرات العامة التي حصلت على المجتمـع          

  .خاصةالعراقي عامة والأسرة العراقية والبغدادية 

رصد وتوثيق صيغ التحويرات والتغيرات الحاصلة علـى         

الدور السكنية بعد إشغالها وتصنيف أنواعها معماريا واستكشاف صيغ         

ت الاجتماعية الحاصلة في الأسرة بعـد إشـغالها      ترابطها مع المتغيرا  

  .الدار السكنية

  فرضية البحث العامة -
إن الدار السكنية هي صـورة ماديـة اجتماعيـة للأسـرة وتمثـل              

 مؤثراتصيغة معمارية شكلية تتجلى فيها      -التحويرات الحاصلة فيها  

الظواهر الاجتماعية من خلال إعـادة تـصميم العلاقـات الفـضائية          

وتتوازى زمنيا وتكوينيا انواع معينة من التحـويرات        .ت عدة بمستويا

 .مع حجم ونوع متغيرات اجتماعية معينة

 
  فرضية البحث التفصيلية -

ان التغيرات التي تحصل على الابنية بعد بنائها، ان حملـت سـمات             

مشتركة ظهرت في هذه الابنيـة فانهـا تـصبح ظـاهرة معماريـة              

ر بالظـاهرة الاجتماعيـة، بـل ان        والظاهرة المعمارية تشابه وتتاث   

  .الظاهرة المعمارية هي جزء من الظاهرة الاجتماعية

  

وللوصول إلى الأهداف المذكورة اتبع البحث هذا   البحثأسلوب *

  :الأسلوب
  الفصل الاول

 طرح الجوانب الاساسية المرتبطة بمفهوم  الاولتم في المبحثحيث 

التوصل الى كونه كيان  واهم اتجاهات طرح مفهومه فقد تم المجتمع

معنوي متكون من العادات والتقاليد والاعراف المستندة على اساس 

مادي متكون من البيئة والإنتاج والوظيفة وكلها مستندة على نواة 

المجتمع وعناصره والتي هي الأفراد والاسرة والجماعة او 

  )54،ص1999مجد الدين خمش،(.النظام

نطلاقا من بحث معنى الظاهرة ا:الظواهر الاجتماعيةوقد بحثت 

وتصنيفها حيث تشكل الظواهر الاجتماعية جزءا منها وهي أشكال من 

التفكير والسلوك والإحساس والنتاج الذي يسود مجتمعاً معيناً من 

المجتمعات في فترة معينة ويجد الفرد فيها مضطراً للتوافق معها 

حسن (.والغوص بها ناهيك على فروقه الفردية

  )35،ص1987رشوان،

 وصفاته وتوصل الى التغير الاجتماعيثم انتقل البحث الى تحليل 

كونه أي تحول يطرأ على البنية الاجتماعية او على احدى مكوناتها 

العمومية، : صفاته. المادية او الرمزية خلال فترة زمنية محددة

يبدأ التغير بمرحلة التحدي : ميكانيكيتهو. الشمولية، المرحلية، الدائمة

المطالبة بالتغير تعقبها مرحلة الكفاح وتليها مرحلة تحقيق التغيرات و

ثم مرحلة إعادة التنظيم الأساسي للبناء الاجتماعي ككل نتيجة 

  )48،ص1987محمد الدقس،(.للتحولات السابقة
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 والعوامل المؤثرة عليه وتم الحراك الاجتماعيوتم طرح مفهوم 

ة المجتمع وهياكله نتيجة توضيح انه عملية ديناميكية تحدث في بني

لتغير المحددات التي تشكل الخصائص السلوكية والحياتية للأفراد 

داخل طبقات المجتمع المختلفة وهو التحول سواء في مكانة الفرد او 

الحراك ويقسم الى .تحول بالقيم او التحول من وضع طبقي إلى أخر

 على نفس وهو التحول للفرد أو الجماعة من موضع الى أخر: الأفقي

والحراك .المستوى وهذا لا يؤثر على تغيير شكل النسيج الاجتماعي

وهو التحول من حالة للفرد أو الجماعة من موضع الى : العمودي

ويرتبط بتغير النمط للحياة والنسيج ) الصاعد(آخر أعلى منها 

حيث تبين ان الحراك الاجتماعي  )Sorokin,1972,p130(. الاجتماعي

ويحدث التغير . سبة للمقياس الاكبر للتغير الاجتماعييعتبر ضمنيا ن

ولفهم أي ظاهرة ينبغي . بالظاهرة نتيجة التغير بالاساس المادي لها

  .فهم وتحليل الاساس المادي الذي تقوم عليه تلك الظاهرة

 البحـث   ثم تم توضيح مفهوم الاسرة وصور منظماتهـا وق توصـل          

الاستعدادات والقدرات الكامنـة    لكونها تنظيم واتحاد تلقائي تؤدي اليه       

وهـي بمراسـيمها    . في الطبيعة البشرية النازعـة الـى الاجتمـاع        

واوضاعها عبارة عن مؤسسة اجتماعية تنبعث عن أوضـاع الحيـاة           

والطبيعة التلقائية والنظم الاجتماعية وهي ضرورة حتمية لبقاء الجنس         

  )36،ص1987حسن رشوان،(. ودوام الوجود الاجتماعي

ح هذه المفاهيم وتحليل العلاقات بينها يقوم البحث باستقصاء بعد طر 

 وبحسب .المفاهيم الاساسية للمتغير الثاني في الدراسة وهو العمارة

رأي لويس كان فان العمارة متكونة من اساسين الاساس المادي والذي 

،  Lightيحتوي على كل ما هو قابل للقياس والذي يسميه النور 

الذي يحتوي على كل ما لا يمكن قياسه وهو ما والاساس المعنوي و

قد خلص و    )Silence)  Lobell,2000,p42يطلق عليه اسم الصمتٍ 

البحث الى كون الدار السكنية هي تلك العمارة الاكثر ارتباطا بالانسان 

ضمن كيان الاسرة، فالدار تأوي الاسرة وهذه الاخيرة هي مؤسسة 

  .ؤسسة الاجتماعية الاكبر الم-اجتماعية وهي نواة المجتمع

وجود وضح ومن خلال البحث بالمعرفة النظرية التي تخص المجتمع 

التغير الاجتماعي بشكل مستمر وبعض من هذا التغير وجد في تغير 

وهذه التغيرات بالامكان  .الظواهر التي تسود المجتمع في حقبة معينة

واذا . سلوبهارؤيتها في الافكار والسلوكيات ونوع متطلبات الحياة وا

عدنا الى معنى المسكن وجدناه كما اسلفنا حاويا متكاملا متوافقا مع 

متطلبات الاسرة التي تسكنه وعليه بالامكان افتراض بان المسكن 

مرتبط اساسا بمتغيرات الاسرة ايضا تلك الناتجة عن التغير 

الاجتماعي المتمثل بتغير حياة الاسرة لكونها جزءا من ظاهرة اوسع 

وبالتالي .تشملها وحدها بل كل المجتمع وهي الظاهرة الاجتماعية لا

بالامكان افتراض كون الظاهرة الاجتماعية تنعكس على عمارة الدار 

السكنية والتي لبت احتياجات الاسرة عندما سكنت لكنها، ومع تغير 

متطلبات الاسرة وفقا للتغير الاجتماعي بظاهرة معينة ، لم تعد تلبي 

سرة مادية كانت ام معنوية تبعا لاسس العمارة السالفة احتياجات الا

الذكر، فتقوم الاسرة التي تغيرت متطلباتها او افكارها اوسلوكياتها 

في هذه الدار لمواكبة متطلبات الاسرة ) اتتحوير(باجراء تغييرات 

  .الجديدة

بالأسلوب الاستدلالي الافتراضي  وعليه يمكن وضع فرضية  البحث

Hypothetical Deductionلاتيا ك:  

إن الدار السكنية هي صورة مادية اجتماعية للأسرة وتمثل التحويرات          

صيغة معماريـة شـكلية تتجلـى فيهـا     - الحاصلة في الدور السكنية

 الظواهر الاجتماعية من خـلال إعـادة تـصميم العلاقـات            مؤثرات

وتتوازى زمنيا وتكوينيا انواع معينـة مـن        .الفضائية بمستويات عدة  

  حجم ونوع متغيرات اجتماعية معينةحويرات مع الت

  الفصل الثاني

يقوم البحث  بالفصل الثاني بالتقصي التفصيلي للعلاقة بين المتغيـرين      

 وهو المتغيـر    -المجتمع والظاهرة الاجتماعية المرتبطة به    : الرئيسيين

المستقل، والعمارةونوع تغيرها المتجلي في تحويرات تظهر في الدار         

وبـدانا فـي المبحـث الاول بطـرح         .و المتغير المعتمد  وه-السكنية

  مثل طرح ابن خلدون     اثر المجتمع على العمارة    درستالنظريات التي   

وجدنا فيه ربطا بين الظواهر المعمارية والظواهر الاجتماعيـة          والذي

على مجمل الظواهر الاجتماعية الممثلـة      " عمران  "بأطلاقه مصطلح   

تعزو الافكار التـصميمية     والتي   ر   ونظريات روح العص   لمرحلة ما، 

والابداعية التي تسود مجتمعا ما الى الروح التي تسود ذلك المجتمـع            

 الماركـسية  المادية   والنظرية  بصورة عامة وليس للافراد المبدعين،      

والتي تؤمن بان التاريخ الثقافي هو مرهون بالتطور الطبيعي للاحياء          

 ) (Encyclopedia of the 20th Centry Architecture ,1963,p166(البـشرية 

حيث تظهر الحالات التي تمثل سيادة للمجتمع على نتائج الثقافة والفن           

لذا تم بحث العلاقـة     . والتي تتبلور في ظواهر اجتماعية     ،   والعمارة

التـي  .بين الفرد والمجتمع ، لإيضاح دوره ضمن الظاهرة الاجتماعية        

الظاهرة المؤلفة من الاساسـين     تم تحليلها تفصيليا والتوصل الى بنية       

والاساس ) على الوظيفة ونمط الانتاج والبيئة     والذي ينظوي (المادي  
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والــذي يــشمل الاتفاقــات والتوقعــات والممارســات ( المعنــوي

(  ومعرفـة مـستوياتها    )63،ص  1999مجد الدين خمش،    (المشتركة

 ومن  )المتمثلة بالمستوى المجتمعي العام والمستوى المجتمعي الخاص      

ا، لمعرفة ما يمكن ان يؤثر كظواهر اجتماعيـة         صفاتهاثم استخلاص   

 العموميـة :  هـي     الظـاهرة  صفات تبين ان وما لايمكن عده كذلك و    

 ، تسمح بالتطور  التكرارلعد و انسانية، قابلة   الا،  الالزامموضوعية،  ال،

ثم ينتقل البحث فـي     . التغير ومترابطة ومتشابكة مع بعضها البعض     و

لتقصي التفصيلي لمتغيرات العمارة وهو الحالة العامة        ل  الثاني المبحث

لما ينجم عن التغير المعماري ،فطرح التغيير المعماري وانواعه وهو          

التغير في الحركات والاساليب والطرز والتغير فـي ادراك العمـارة           

اختلاف البناية عن غيرها    :والتغير ضمن البناية الواحدة ، وهذه نوعان      

 ومنها تلك الحاصـلة     هلبناية نفسها بعد بنائها وصيغ    من الابنية وتغير ا   

على الابنية التاريخية والمعاصرة ايضا والذي يندرج تحـوير الـدار           

ثم بحث المفاهيم التـصميمية      . ضمنها) المتغير المعتمد للبحث  (السكنية

وبناء على مـا    . المطروحة للتعامل مع بقية المتطلبات العامة للاسرة      

  : ة التفصيلية الاتية وضع الفرضيامكنسبق 

التغيرات التي تحصل على الابنية بعـد بنائهـا، ان حملـت سـمات              

هـي  مشتركة ظهرت في هذه الابنية فانها تصبح ظاهرة معماريـة و          

تشابه وتتاثر بالظاهرة الاجتماعية، بل ان الظاهرة المعماريـة هـي           

   .جزء من الظاهرة الاجتماعية

  

 الفصل الثالث

وتحديدها –اهر المجتمع العراقي المعاصر تعرف على طبيعة ظوولل

اتجه لمعرفة مدى تأثيرها على تحويرات الدور السكنية بعد بنائها ،

 طبيعة المجتمع لدراسة فصله الثالث  المبحث الاول منفي البحث 

من خلال رؤية وافكار عالما الاجتماع المحليين العراقي المعاصر 

واع السلوكيات العامة تقصي انتم ، وعلي الوردي وسيار الجميل 

السائدة فيه خلال القرن الماضي ومقارنتها بالمفردات المكونة للظاهرة 

التي المعاصرة الاجتماعية واستخلاص وادراج الظواهر الاجتماعية 

 وعند البحث في مجمل الاحداث التي تشكل الاساس .سادت فيه

لقرن المادي للظواهر الواضحة في العراق خلال النصف الثاني من ا

اعتمادا على مفردات الظاهرة الاجتماعية المشار لها اعلاه يمكننا 

استخلاص الظواهر التالية والتي تعتبر هي السمات الشاملة العامة 

والمستمرة والتي تميز كافة الحقب ضمن المدة المؤشرة والتي تندرج 

  :بها ضمنا تفاصيل وظواهر الحقبة الواحدة

والواضحة والتي تنطبق عليها سمات ان الظاهرة العامة المستمرة 

الظاهرة الاجتماعية اعلاه هي تميز التراتب الاجتماعي في المجتمع 

العراقي، والبغدادي على وجه الخصوص، بحراك اجتماعي نشط 

قياسا بالمجتمعات الاخرى، وهذا جاء نتيجة التغير السريع والمتوالي 

قبة المدروسة شهد فخلال الح) الاساس المادي(بالاحداث المؤثرة فيه

العراق خمسة مراحل اعتمادا على الاحداث السياسية والاجتماعية 

وظاهرة عدم الثبات هذه نجدها واضحة . والاقتصادية التي مرت به

في كلا نوعي الحراك الافقي والعمودي والتي اسفرت عن مجمل 

ظواهر عامة يمتاز بها المجتمع العراقي عموما والبغدادي على وجه 

  :صالخصو

وهو كما اسلفنا الانتقال الطبقي للافراد :نشاط الحراك العمودي •

والذي هو ظاهرة واضحة في المجتمع العراقي، هذا قد ادى الى 

 :الظواهر التالية

نمو طبقة اجتماعية وانحسار طبقة اخرى وانبعاث طبقة   .أ 

وهذا يعتبر ظاهرة عامة وواضحة في . اجتماعية ضمن المجتمع

فالنمو الاقتصادي . ازات الحراك العمودي النشطالمجتمع وهو من افر

لفئات معينة ووصولها الى مراتب عليا دون اخرى ظهر واضحا بنمو 

البرجوازية الصناعية في الحقبة الاولى حتى انتهاء الملكية ،ونمو 

طبقة الكفاءات العلمية في مرحلة الستينات ونمو فئة المقاولين 

 تلتها ونمو طبقة العسكريين ومستشاري الشركات في المرحلة التي

والضباط في مرحلة الحرب الايرانية ثم صعود طبقة التجار 

وكما شهدنا انحسارا لطبقات اخر كما .والمزارعين في فترة الحصار

 .  في حقبتي الحرب والحصار-الوسطى–في انحسار الطبقة المهنية 

اته نتيجة للنقطة السابقة فان اختلاف النموذج المقلد واختلاف صف  .ب 

في كل مرحلة بحسب الطبقة الاجتماعية التي تنمو وتبرز وقيام الفئات 

الاخرى بتقليد سلوكيات وانماط حياتها هي احدى الظواهر العامة التي 

يتسم بها المجتمع العراقي فسيادة المظاهر الثقافية لمجتمع السبعينات 

قبة ، كان من احدى ظواهر تقليد الفئة  المثقفة التي نمت في تلك الح

وفي حقبة الحصار وبسبب نمو طبقة معينة اقتصاديا دون مواكبة 

للنمو الثقافي معها ادى الى سيادة سلوكيات المظاهر الخارجية المفتقرة 
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للثقافة الجمالية والاتجاه نحو المغالاة في اظهار الغنى والتعبير عنه 

 .كما حصل في مرحلة الحصار

عية فبالرغم من اتسام عدم رسوخ التراتبية الطبقية الاجتما  .ج 

المجتمع العراقي بالتراتبية الطبقية الا ان هذا التراتب امتاز بالحراك 

النشط والسريع فان الفرد العراقي غالبا ما تختلف المرتبة الاجتماعية 

التي ينتمي لها عن المرتبة التي كان ينتمي لها ابوه او جده ، بل ان 

ثر من مرة الى طبقة اجتماعية الفرد العراقي خلال حياته قد ينتقل اك

. وهذا ادى الى تحجيم الصراع الطبقي. غير التي كان ينتمي اليها

فالحراك العمودي وعدم رسوخ التراتبية ادت الى تغذية التنافسية بين 

الافراد حيث يصل الفرد الى المرتبة التي يستحقها عن طريق جهوده 

 المجتمع العراقي بل الذاتية وبذلك فان الصراع الطبقي لم يتطور في

حل محله حس اجتماعي مرتبي سائر باتجاه تقدير التماسك وتنشيط 

 .الحراك

وهو كما ذكر مسبقا الحراك ضمن :نشاط الحراك الأفقي •

نطاق الطبقة الواحدة والذي اتسم بالنشاط العالي خلال الخمسين سنة 

الاخيرة في المجتمع العراقي عموما والبغدادي خصوصا وقد ادت 

حداث الملمة بالمدينة الى النشاط المتفاقم للحراك الافقي والذي من الا

   :ظواهرة التفصيلية

ظاهرة الهجرة، حيث نجدها في كافة المراحل المدروسة   .أ 

بصنفيها الخارجية والداخلية، وهذا تم بدون الانتقال بين الطبقات 

ففي الحقبة الملكية والمرحلة التي .الاجتماعية فو حراك افقي بحت

تلتها نجد الهجرة من الريف الى المدينة طلبا لظروف حياتية افضل 

ونجد الارتحال والهجرة في سني الحرب .  وخدمات اجتماعية جيدة

او . الى الضواحي والقرى تهربا من الالتحاق بالخدمة العسكرية

الهجرة للمزارعين الذين اغتنوا في سني الحصار وانتقلهم للعيش في 

 كون هذا الحراك يعتبر مركبا لكونه يتضمن بالرغم من(العاصمة

اما الهجرة الخارجية فنجدها اكثر عمومية ). الاختلاف الطبقي

ووضوحا في جميع الحقب لكنها اختلفت بصيغ دوافعها بين الاسباب 

السياسية في العهد الملكي والعسكري والبعثي الى الاسباب الثقافية 

لاقتصادية وتردي المستوى والعلمية في مرحلة الحرب الى الاسباب ا

 .المعاشي في مرحلة الحصار

فكما هو نادر انتماء . ظاهرة عدم الانتماء المنطقي  .ب 

الوالد وابنه لذات الطبقة الاجتماعية ، فمن النادر ان ينتم الوالد وابنه 

لذات المنطقة التي يعيشون فيها، فالذي ولد في احدي محافظات 

الذي ولد في الاعظمية مثلا قد العراق قد ينشا في بغداد وتفصيلا 

هذا التحول والاختلاف . يكمل بقية حياته في منطقة اخرى من بغداد

في المنطقة التي ينتمي اليها الفرد قد اضعف من سيادة وحدة الجيرة 

 .والتي كان يتسم بها المجتمع العراقي على مدى القرون السالفة

الفة فقط لم يقتصر تأثير الحراك الافقي على الظواهر الس  .ج 

بل تعداه الى التأثير على تغير المناطق السكنية في العراق على الاعم 

فما تبدو عليه منطقة ما في حقبة معينة يختلف تماما . وبغداد خصوصا

فمثلا عندما سكنت الملحقيات البريطانية . عنها في الحقبة التالية

ل الاعظمية اصبحت هذه المنطقة ولفترة وجيزة هي المنطقة الاجم

ثم . والتي تعيش فيها النخبة المنتقاة من الطبقة السائدة في المجتمع

انتقلت الى محاذاة قصر الملك في شارع الرشيد وما يجاورها من باب 

لى ذلك يو.المعظم حيث اصبحت هي المناطق التي يشار لها بالبنان

الازدهار للمناطق الراقية مثل شارع السعدون ومن ثم المنصور 

هذا النمو الطبقي لمناطق معينة والتدني . العرصاتوالجادرية و

لمناطق اخرى شجع الانتقال من منطقة الى اخرى طلبا للمعيشة 

بمستوى اجتماعي معين كما صاغ شكل المدينة المتحول والمتغير عبر 

 . الزمن

ينتقل البحث بعد ذلك لدراسة صفات ومميزات الاسرة العراقية واهم  

ماهية العوامل المؤثرة بصورة كبيرة عليها التغيرات التي شهدتها و

ويتم هذا في المبحث الاول اما المبحث الثاني فيتوجه الى الدار 

التي تمثل النموذج الامثل لهذه (السكنية العراقية وفي بغداد بالتحديد 

  ).الدار من خلال مستوى علاقتها بالاحداث والسلوكيات في المجتمع

ر العمارة العراقية المعاصرة وموقـع       ويتم بحثها من خلال رؤية مسا     

 الدار السكنية فيه، والسمات العامة لهذه الدار خلال القـرن الماضـي           

ومع هذا الفصل ينشأ الجدل حول نوعية الدور التي بالإمكان ان تعبر            

فهل بالإمكان أخـذ الـدور      . عن خصائص مرحلة معينة من المراحل     

ما تكون هي دور الطبقات     والتي غالباً   (المصممة من قبل المعماريين     

واعتبارهـا  ) العليا بالمجتمع والتي تمثل شريحة منتخبة من المجتمـع        

نمطاً سائداً لتلك الفترة ؟ وفي هذا اهمال للدور الأخرى والتي غالباً ما             

تمثل الأغلبية والتي تكون عادةً غير مصممة من قبل معماري بل هي            

لمخططـات  عبارة عن مزيج مركب عن مخططـات منقولـة عـن ا           

المصممة من قبل المعماريين وما موجود او مطروح سابقاً بالـساحة           

  .المعمارية

  ":مميزات المرحلة"وهنا يكون السؤال ما الذي نعنيه بقولنا 
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هل هي مميزات الدور الاكثر انتشاراً في تلـك المرحلـة            -

والتي تمثل النسبة الغالبة للدور السكنية والتي غالباً ما تكـون غيـر             

  بأيدي ذوي الاختصاص؟مصممة 

هل هي مميزات الدور الشاذة عن القاعـدة والتـي تمثـل             -

مختلفة عن مثيلاتها من الدور السكنية الاخرى وتمثـل دور          " ظاهرة"

  الارستقراط والطبقة العليا ؟

 أم هي مميزات الدور التي صـممها معمـاريو المرحلـة            -

  المعينة ؟

عام للسكان لبغـداد     نجد نص التعداد ال    1957ففي منتصف هذا القرن     

  :يتضمن سؤالا هو

  بيت مـن الطـابوق   خرابة  عين نوع السكن الذي تسكنه " 

 بيـت    شقة    كوخ   !  بيت شعر   صريفة     بيت من لبن    

  ).1 ج35، ص 1980بينرو، !!" ( قصر  دار ضيافة 

هذا التنوع الهائل بين مستويات المعيشة يجعل من المتعذر لنا ان نقع            

بـدون تحييـد بعـض      " مميزات الدار لتلك المرحلـة    "ة  على حصيل 

. المؤثرات او اعتماد التصنيفات المميزة لكل مرحلة مـن المراحـل          

  :أخذين بنظر الاعتبار

معمـاري، خلفـة،    : (اختلاف مصادر التصميم وتنوعهـا     •

  )صاحب الدار، النقل الحرفي

اختلاف الانتمـاءات الطبقيـة والمـستويات الاجتماعيـة          •

ور الارستقراط دور المتنفذين والحكـام، دور الطبقـة         د: (لأصحابها

   )المتوسطة، دور الطبقات الاكثر فقراً

اختلاف المستوى المادي لأصحاب الدور والذي يؤثر على         •

ة نوعية التسهيلات التكنولوجية للدار وكذلك نوعية المواد المـستخدم        

فعندما نذكر مميزات دور العقد الخـامس       . للبناء والمستوى النوعي له   

هو وجود الكراج المنفصل والحديقة المحيطة بالدار والتوجه الخارجي         

والانفتاح فأننا نكون غير دقيقين او موضوعيين اذ ان العديد من دور            

المرحلة لذوي الدخل المحدود كانت تعتمد طريقة البناء نفـسها لعـدم            

. فر إمكانية استخدام السيارة وبالتالي انتفاء فكـرة وجـود الكـراج           تو

ولعدم تمكنها من شراء قطعة أرض كبيرة وبتالي استخدامها لحـدود           

  .القطعة التي تمثل جدران المنزل ذاته

لذا فان وضع سمات مشتركة للدار في الحقب المتلاحقة فـي القـرن             

بتصنيف الدور تبعا   العشرين يتضمن ارتباطات عديدة ولحصرها نقوم       

 مما يمثل مؤشرات لنا في      .للمؤثرات المهنية والاجتماعية والاقتصادية   

بلورة مفردات وآليات القياس التفصيلي لتحوير الدار السكنية في بغداد          

استكمالا للمفردات العامة والمستخلصة في الفصل السابق والاهتـداء         

اج التغيـرات   الإمكـان إدر  فب.لصيغة الدراسـة الميدانيـة وحـدودها      

المعمارية المقامة على الدار بحسب مستوى التغير من الأبـسط الـى            

  :الأعقد بعد اتمام العملية البنائية للدار الى

  التغير الوظيفي للفضاءات-
أبسط أشكال  التغيير وغالباً ما يكون غير مؤثر على الشكل الخارجي 

كال التغير فمن أبسط اش للمنزل رغم تأثيره على العلاقات الفضائية

هو ما يتم بواسطة تغيير موقع الاثاث حيث لا يعتبره البحث تغيراً 

وغالباً ما يحصل بالفضاءات المفتوحة كأن يغير . جذريا بشكل الدار

مكان طاولة الطعام في محل طقم الجلوس او يغير مكان السرير محل 

  ).Zoning(الخزانة وهو تغيير ضمني بالتنطيق 

  التحوير الضمني-
صد به التغيير بالبناء الضمني دون التأثير على المساحة الكلية ونق

حيث ( التحوير بالمخططاتهيللمنزل ويتم التحوير على مستويات 

التحوير و) يقطع جزء من المنزل او يضاف قاطع او يلغي قاطع

وهو كثير الحصول ان كانت الظروف المادية للعائلة لا  (بالواجهات

) د، او الرغبة بالتغيير لكسر المللتمكنهم من أضافة جزء جدي

 وهو نادر الحصول لما يتطلبه من مجهود بالعملية (التحوير بالمقاطعو

-البنائية وفكرة الإضافة هنا اسهل واكثر حصولاً من فكرة الطرح 

وهو (التحوير بالتفصيلاتو)  او الغاء الادرج-الفتح بين الفضاءات

اع اضافي للسياج الخارجي او اكثر انواع التحوير حدوثاً كأضافة ارتف

أكساء الجدران بمادة جديدة او تغيير لون الجدران او تكبير او تصغير 

  .الفتحات

  التحوير بالاضافة-
وتنشأ الحاجة . ونعني بها زيادة المساحة البنائية بالنسبة للموقع

للإضافة نتيجة التغاير في عدد الساكنين فالعلاقة المؤثرة في بنية 

  .لاقة عدد أفراد الأسرة نسبة للمساحة السكنيةالأضافة هي ع

  
  نسكالمساحة الاجمالية للم
  عدد الافراد
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           =               معامل الاضافة 

  المساحة المخصصة لكل فرد= 

ان التغاير في معامل الأضافة يؤدي الى التغاير بالمتطلبات الوظيفية 

والمساحية وبالتالي فأن زيادته تعني زيادة نسبة المساحة الممنوحة 

وكلما ازداد هذا الرقم أحس السكان بعدم الراحة . لكل فرد بالأسرة

والرغبة في تقليص مساحة الدار فزيادته تصبح مزعجة وتحل بزيادة 

فيصبح . عدد الساكنين أي فصل الدار وتحويله الى عدة دور سكنية

عدد الساكنين نسبة للمساحة اكبر ويعود معامل الاضافة الى ماهو 

يله الى بيت مصمم بصورة أكثر او بالأمكان هدم البيت وتحو. عليه

ملائمة للمتطلبات، أما قلة هذا الرقم سوف تؤدي الى مضايقة الأفراد 

  :وبالأمكان حله بطريقتين

  .زيادة مساحة البناء نسبة للأرض −

وهذا ما يحدث عندما تخرج عائلة      –)التقسيم(تقليل عدد الساكنين       −

 .من سكنة الدار لتستقر في دار أخرى

ر دائماً في حالة نمو اعتماداً على النسبة المذكورة وبذلك يكون الدا

سابقاً فمن النادر ان تبقى الدار السكنية على ما هي عليه من معامل 

  :بل تمر ببعض او كل الأطوار التالية. الإضافة

حيث يكون عدد الساكنين ): المستقر( الطور الابتدائي −

  .دارمتناسباً مع المساحة والمتطلبات الوظيفية لأصحاب ال

حيث تكون الحاجة للتغيير فيه ): التفاقمي(الطور الثاني  −

ماسة وتكون السكان فيه متضايقين جداً من الدار حجماً ووظيفةً 

 .ويأتي نتيجة التغير في المساحة او عدد الساكنين

ويخضع الدار او الساكنين في هذا ): التغيير( الطور الثالث −

ه المرحلة فتبقى وقد لا يصل الدار الى هذ. الطور للتغير

  :وبذلك تكون الإضافة على صنفين. بالمرحلة الاولى أو الثانية

اضافة مساحة للدار المسكونة بأدخال بعض الفضاءات  •

وغالباً ما تسبق عملية ) النمو. (الخارجية الى الداخل

  ).أن كانت على مرحلتين(النمو عملية التكاثر 

 الى عدة دور أي تحويل الدار المسكونة) التكاثر(التقسيم  •

  .وهي نفس فكرة البناء للأيجار. سكنية

  ، الهدم)الترك(الهجر، -
حيث تعتبر المرحلة الأخيرة للدار وتكون الحالة الأولى الهجر ايذاناً 

ببدء دورة أخرى للمنزل حيث تمثل انفصال اصحاب الدار عنه 

وبيعها أو أيجارها الى عائلة أخرى أو ربما بقائها على حالة الهجر 

بينما ). كما يحصل عندما تترك العوائل دورها لجوءاً الى ملجأ أمن(

  .يكون الهدم هو النهاية الافتراضية لعمر المسكن

  .الفصل الرابع

تطبيق المفردات  لنظري يتمبعد استكمال جميع معطيات الإطار ا

عينة من الدور السكنية ) 42(المستخلصة في دراسة ميدانية متمثلة ب

 طريق قياس المتغيرات ر لغرض القياس عنتم وضع المعاييو

نوعية   وتتمثل بالمتغيرات الاسرية وهي مستوياتالمستقلة بثلاثة 

وظيفة اصحاب و عدد الافراد و ان كانت مركبة ام نووية: الاسرة

المتغيرات المعمارية  وتدخل صاحب الدار والعلاقة مع المصمم والدار

الدار ومساحة المسكن  متمثلة بسنة البناء وموقع :وروح العصر

اما والمصادر التصميمية للدار واسباب التحوير المباشرة وحالة الدار 

 من انتقال فضائي  بسنة التحوير ونوعه فتتمثل المتغيرات المعتمدة

الى تحوير داخلي الى اضافة او طرح او تقسيم الى الهجر او الهدم او 

  .الترك

مؤثرة في العراق في القرن رغم تناول البحث للظواهر الاجتماعية الو

الماضي ولعمارته وللدار السكنية في بغداد خلاله ، الا انه حدد قياس 

تسارع الاحداث ر ضمن مدة زمنية هي خمسين عاماً بسبب التحوي

والتغيرات والظواهر الاجتماعية خلال هذه المدة قياسا للحقبة السابقة 

لمجتمع العراقي يعد اكما و.النصف الاول من القرن العشرين–لها 

الحديث اليوم امتدادا للمجتمع الذي بدأ نموه الحديث منذ خمسينات 

طول حقبة قرن كامل على مستوى القياس مما يؤدي و.القرن العشرين

 روعي فيوقد .الى كثرة المؤثرات وتشابكها وعدم وضوح نتائجها
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العينات المختارة توفر عامل الشمولية على المستوى الجغرافي 

حة وسنة البناء والتنوع في خلفية الاسرة الاجتماعية والمسا

  .والاقتصادية

  

  :الاستنتاجات الميدانية
وبعد مقارنة العينات البحثية وتحليل النتائج يتوصل البحث الى 

اثبت البحث الميداني صحة الفرضية حيث الاستنتاجات الميدانية 

المجسدة بأن التغير المعماري للدار السكنية هو الصورة القائلة 

  :وقد تم التوصل الى النقاط التالية. تشكيلياً لتغير الظواهر الاجتماعية

ان التوازي الواضـح بـين الأحـداث التـي شـهدها العـراق           •

والتي أدت الى بنيـة المجتمـع       ) الاجتماعية والاقتصادية والسياسية  (

العراقي وبين التغيرات التي شهدتها العينات البحثية المختبـرة كـان           

من مجموع العينات المبحوثة تغيرات     % 70جداً حيث شهدت    واضحا  

في فترة التسعينات وما بعدها والتي تمثل المرحلة الأكثر تأثيراً ضمن           

المدة المدروسة لتاريخ العراق ولم تشهد الستينات اية تحويرات للدور          

  .السكنية فيها

يكون التغير بالاستخدام الفضائي اكبر واوسع في الـدور التـي            •

 معتمدة التخطيط المغلق منهـا فـي الـدور ذات المخططـات             تكون

فالدور التي تحتوي على الممرات والغرف المغلقة        open planالمفتوحة  

من السهل تبني فضاءاتها لاستخدامات وظيفية مختلفـة كـأن يحـور            

فوجود الممرات يسهل وضـع      فضاء النوم الى فضاء جلوس وغيرها     

ات بينما يحتاج المخطـط المفتـوح       او رفع القواطع لأستغلال المساح    

  .غالباً الى أعادة تصميم شاملة

عرضة ) وتعاكس الوظيفة (الفضاءات ذات الاهمية الجمالية فقط       •

فغالبية الفضاءات التي يصممها المهندس معارضـاً       –للتغيير او الترك    

الفضاءات العليا المفتوحة على الفضاءات السفلى والتي       (الوظيفية فيها   

) ة الدار، والشرفات المفتوحة المطلة على الـشارع       تعارض خصوصي 

  .ناها الساكنون لوظائف أكثر عمليةغالباً ما يتب

تدريجياً تأخذ الأمكان البديلة المـصغرة مكـان الأمـاكن           •

 عوضاً عن  Kitchenetteأي يأخذ الساكنون المطيبخ . الرئيسة في الدار

لنوم الصغرى  المطبخ والهول الثانوي عوضاً عن الجلوس الرئيسي وا       

ومكان الفطور عوضاً عن المطبخ وتحول بقيـة  . عوضاً عن الرئيسية  

 .الفضاءات الى مناطق مهملة او مخازن
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قد تأخذ بعض الفضاءات وظائف غير وظيفتها في فتـرات           •

 الدراسـة فـي غرفـة       -معينة نتيجة وجود حاجة معينة بتأثير معين      

لكنها لا تـدوم طـويلاً      .  النوم بالمكتبة  – الملجأ في الموزع     –الطعام  

  . ويعود الفضاء الى استخدامه الرئيسي ويزول بزوال العامل المؤثر

كلما كان الفضاء اكثر تخصصاً وموائمة لوظيفـة معينـة           •

كلما كان اصعب على التغييـر      ) غرفة مبردة مرسم، مختبر،   (بالتحديد  

بينما يكون الفضاء الاقل تخصصاً او قليل الموائمـة مـع متطلبـات             

  . صاحب الدار الانية سهل التغيير

الأعـراس الـولائم    –في المراسيم النادرة لأصحاب الدار       •

 غالباً ما تستخدم الفضاءات غير المـستغلة يوميـاً فيـستغل            -الفواتح

  . وغرفة وباب السابلة للحديقة)  عادةالمهجور(المدخل 

تغلب الحاجات الوظيفية في الاستخدام     قد  الحاجة الاجتماعية    •

-ففضاء غرفة الاستقبال والطعام يبقى مغلقاً وغير مستغلاً         . الفضائي

 رغم الاحتياج الفضائي لساكني الدار فنجـد   -فقط بالمناسبات والأعياد  

حة أضافية لها مع عـدم      نقص في عدد غرف النوم والحاجة الى مسا       

فـصاحبة  . استغلال بقية الفضاءات لذلك بسبب الناحيـة الاجتماعيـة        

المنزل تفضل أن تبنى غرفة الجلوس مقفلة لحين قدوم الضيوف حتى           

  . وان لم يحصل ذلك لمدة عام كامل

الخـصوصية  (اذا تجاوز التصميم المتطلبات الاجتماعيـة        •

وهذا ما  . ت وتغير استخدامها  سيؤدي ذلك الى هجر الفضاءا    ) والانفتاح

وجدناه في كل العينات المبحوثة في السيدية حيث اسـتبدل الارتفـاع            

  .المضاعف والفضاءات المطلة من خلاله بالمخازن

وبالإمكان تقسيم الفضاءات عرضة لتغير الفضاءات بحسب        •

  :تغير الاستخدامات الوظيفية لها اعتماداً على البحث الميداني

المطبخ والحمامـات   :  ثباتاً والأقل عرضة للتغير    الفضاءات الأكثر  −

بسبب تخصصها العالي ووجود مصادر الماء والتـصريف الـصحي          

وكذلك الصالة وغرفة الطعام وهنا بـسبب العامـل الاجتمـاعي           . لها

  .ورغبة صاحب الدار بالظهور بمظهر حسن لدى الضيوف

وهي قلما تـستبدل أحـدهما بـالأخرى وهـي          : الفضاءات الثابتة  −

ضاءات النوم والمعيشة فنادراً ما تستبدل المعيشة بالنوم لكن قد تـتم            ف

فعالية النوم بداخل فضاء المعيشة وخاصة في سويعات الظهيرة وفـي           

  .فترات الانقطاع الكهربائي

وهي الفضاءات غيـر المحـددة التـسمية او المتعـددة           : المتغيرة −

ر المعرفـة   الأغراض كالمخازن والمكتبة والبالكونات والفضاءات غي     

 فقد تصبح المكتبـة غـرف نـوم         -المطلة على الفضاءات الأخرى   –

  .للأطفال او حتى مناشر  او معيشة او مكان للفعاليات المؤقتة

واذا صـنفنا  .الفضاءات الأكثر إهمالاً تكون عرضة للتحوير   •

فضاءات الدار في بغداد  بحسب كثافة استخدمها اعتماداً على البحـث           

  :التصنيف التاليالميداني نتوصل الى 

هي فضاءات المعيشة المطبخ والنوم     : الفضاءات الاكثر أستخدماً   −

  .والحمام

الـصالة والطعـام    : الفضاءات المستخدمة نـادراً وبالمناسـبات      −

  .والحديقة وسلم السطح والبالكونات، المدخل

وهي غالباً ما تكون الفضاءات ذات الاخطاء       : الفضاءات المهملة  −

  . موالمة او اجتماعياً او وظيفياً فتهملبيئياً غير–التصميمة 

غالباً ما يجرى التحوير عندما يصل الدار الـى المرحلـة            •

المترهلة حيث عدد الفضاءات المستغلة أقل بكثير من عدد الفضاءات          

غير المستغلة فتنشأ رغبة في فصل الفضاءات الفائضة وتحويلها الـى       

الدار يمر بمراحـل  فمن البحث الميداني توصلنا الى كون   .دار منفصل 

عديدة بعد اكتمال العملية البنائية نسبة الى الاستخدام الفضائي له والتي           

هي غير ملزمة لكل الدور فقد يمر احد الدور بالمراحل جميعها او قد             

يبقى دار أخر في مرحلة واحدة وهي المرحلة المثالية او المرحلة التي            

ورة ان تكون هي المرحلة     وليس بالضر : يكون فيها الدار مستغلاً كلياً    

الاولى في الدار فقد يسكن الدار وتستغل فضاءات بشكل نـصفي ثـم             

حيث عدد الفضاءات المستغلة    . بتوالي الأحداث يصل الى هذه المرحلة     

ثم المرحلة المترهلة او المرحلة     . وهي الحالة المثلى  % 100فيه هي   

 الفـضاءات   التي يكون فيها الدار محتوياً على فضاءات غير اكثر من         

 فيها الدار عرضة للتغير الاكبـر       حالمستغلة وهي المرحلة التي يصب    

حيث تزداد عدد الفضاءات المهملة على عـدد الفـضاءات          ) التحوير(

ثم المرحلة الانفجارية أي المرحلة التي تكون فيها        ).التفاقمية(المستغلة  

نسبة الفضاءات المستغلة اكبر من عدد فضاءات الدار حيث يحتـوي           

الفضاء الواحد على أكثر من استخدام واحد وهي المرحلة التي يكـون       

  .فيها التغيير واجباً

 هـو الاصـعب علـى       -مرحلياً–التصميم الأكثر موائمة     •

فالدقة في تلبية المتطلبات التصميمية تتناسـب طرديـاً مـع           . التحوير
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فأذا حـدد المـسكن     . وعكسياً مع امكانية التغيير   ) adaptations(التأقلم  

ليكون ملائماً جداً لليوم سيكون قليل الموائمـة للغـد لان المتطلبـات             

  .التفصيلية أكثر عرضة للتغيير من المتطلبات العامة

كلما تقاربت الخلفية الثقافية والفكر بـين صـاحب الـدار            •

  والمصمم كلما قلت أمكانية ورغبة التحور فيه ) السكان(

حـويرات  في فترة الحصار التـسعينات ازدادت فكـرة الت         •

المنزلية وذلك لغياب الامكانات الماديـة لأجـراء التغييـر الأكبـر            

فوجدت عمارة الواجهات حيث تحـور الواجهـة وتغيـر          ) الأضافة(

كما في  . او يقتطع جزء من الدار لأجل ايجاره كمصدر مادي        . موادها

 .ل محسن الياسري ودار ملكية ظاهر في اليرموكادار عبد الع

 غالباً ما   -إضافة تلو أخرى  –اء التراكمي   غالباً ما يسبب البن    •

يتسبب بالتقاطع الوظيفي وقد يرضى الساكنون عـن عيـب وظيفـي            

او وجود غرفتي   ) كدخول غرفة النوم عن طريق غرفة الأكل      (صارخ  

وذلـك تلبيـة للحاجـة المـساحية اذ أن        ) نوم أحدهما بداخل الأخرى   

التي تحيط بالكتلة   الإضافة غالباً ما تكون محكومة بالفضاءات السلبية        

لا يتناسب مع الوظيفة    ) Extension(مما قد يحتم بناء جزء مكمل للدار        

   .لكنه يؤدي المتطلبات المساحية

لا يمكن التكهن أبداً بطريقة نمو المنزل فقد تكـون ضـارة            •

 . بالدار الاولية او مفيدة له

التلبية السريعة للمتطلبات المساحية بأضافة بناء على الدار          •

عدد ) تغير(ولية غالباً ما يعقبه ندم على تلك الإضافة بسبب ترجع            الأ

وذلك بحسب العينـات التـي درسـناها فـي          . السكان نسبة للمساحة  

اليرموك والذين عبروا اصحابها عن ندمهم لاضافة اجـزاء للـصالة           

 .وتكبير حجم الشبابيك
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 ر في مدينة الصدر  دار علي كاظم زويمن العينات صغيرة الحجم نموذج -2شكل رقم 

 الـى   -عادة–زيادة الفضاءات المهملة والمتروكة لا يؤدي        •

أزالتها وتهديمها ، لكن زيادة استخدام الفضاءات بكثافة عالية يـؤدي           

فبنية الإضافة هي دائماً أسهل واقرب للتفكير مـن         . الى إضافة للدار  

وهذا . الا اذا أستغل الجزء المطروح لبناء ثاني      . بنية الهدم او الطرح   

ما وجدناه في العينات ذات المساحات الكبيرة حيث لم تشهد تقسيما او            

بينمـا العينـات    . طرح بالرغم من عدم استغلال جميـع فـضاءاتها        

المتوسطة الحجم هي التي تحتوي على الى نسبة التقسيم بسبب الحاجة           

الاقتصادية والعينات الصغيرة هي التي تحتوي على اعلى نسبة فـي           

  .يث الحاجات والمتطلبات الوظيفية العالية الاهميةالاضافة ح

يؤدي تكاثر الدار وتحوله الى عدة دور سكنية الى تـصغير           •

القطعة السكنية الممنوحة أصلاً وبالتالي عبئاً على الخـدمات والبنيـة           

أن فرز الارض او العقار     . والتي صممت لدار واحدة   . التحتية المقامة 

وهذا مـا   .ت وصعوبة التعامل معها   وتقسيمه يؤدي الى صغر الواجها    

 متـراً   80 الثورة والتي مساحتها لا تتعـدى ال       دور مدينة وجدناه في   

 .والتي تعاني من سوء الخدمات والتصريف الصحي

  

  الاستنتاجات العامة
  : للبحث متمثلة بالاتيالاستنتاجات العامةبعدها تدرج في البحث 

نات الحية والقابليـة علـى      ان التكاثر والنمو والتغير هو ما يميز الكائ       

وهذه هي التي تجعل الاحتيـاج      . الحركة ما يميز الإنسان عن النبات     

ومـع تغيـر    .الفضائي للحيوان والأنسان متغيرو مع الامتداد الزمني      

متطلبات الحياة يحتاج الانسان الى فضاءات أوسع لتتسع لتنامي الحجم          

ذه الصفة وحـدها    وه" الإنسان حيوان اجتماعي  "لكن  . والعدد بالتكاثر 

هي التي تجعل سلوكه تجاه داره يختلف وخاصـة لـدى الـدور ذات      

الروابط الاجتماعية الوطيدة والتي قد تتغلب على تلك الرغبة الغريزية          

فنجد غالباً في الدور الـسكنية فـي        . بالانتقال والاستقلال بمنزل جديد   

بينما . بتمدينة بغداد تكون العائلة في حالة نمو مستمر وتغير غير ثا          

ومن هنا تأتي جدالية    . تكون البنية الفضائية التي يسكنها الانسان ثابتة      

: وعلـى نطـاق أوسـع     . الإنسان والدار : التغير بين طرفي المعادلة   

فالتغير بأحد أطراف المعادلة سـيخلخل توازنهـا        . المجتمع والعمارة 

  .وينتج عنها مطلب معين يكون الدافع نحو التغيير بالطرف الأخر

وبذلك فأن غالبية الدور السكنية تصمم لمرحلة معينة وفقاً لمتطلبات 

معينة ومع اختلاف هذه المتطلبات تأتي الاستجابة لها بالتغيير 

وبذلك ينتهي التصميم الى غير ما بدأ . بعمارتها" التحوير"

ويمكننا ان نرى ان العلاقة بين الاحتياج الفضائي للعائلة والزمن .عليه

لشكل ،فتزداد في حقبة من حياة العائلة وتعود فتنخفض تظهر بهذا ا

  .لاحقا 

وهذا التغير بالمتطلب ناجم عن تغير طبيعي في بعض اقسامه وكما 

رأينا من تأثير عوامل النمو والتكاثر ،لكن اقساما اخرى منه تأتي 

بتأثير ظواهر اجتماعية خاصة بالمجتمع في حقبة ما ، فتظهر تبعا لها 

ية تنعكس في الدار السكنية بتحويرات من طبيعة تاثيرات معمار

تشكل ظاهرة معمارية اتت بفعل الظاهرة ان هذه التحويرات .اخرى

  .الاجتماعية الاولى
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 هي ضرب من السلوك والشعور فالظاهرة الاجتماعية كما رأيناها

يمتاز بخاصية معينة هي وجودها خارج شعور الفرد وانما يمثل قوة 

آمرة قاهرة تسيطر عل الفرد سواء اراد ام لم يرد وهي من جنس قائم 

بذاته ولا تتجلى فيه الملامح الجزئية لخصائص الافراد حيث يفقد 

  .ثل الكل الجمعيالفرد فيها ما يميزه كفرد وتنشأ تلك الروح التي تم

هي ذلك الشكل الظـاهر     : واما ظاهرة العمارة او الظواهر المعمارية     

والذي يتحقق للوجود حصيلة التفاعل بين الأقطاب المفردة الثلاثة فهي          

مادة خام يسخر الفرد طاقته الفكرية والجسمانية وبهذا يتم تحقيق كيان           

للعيـان تمكننـا مـن     مادي جديد يحمـل سـمات مـشركة جليـة    

: تمييزها بشكل ظاهر يحقق للانسان الأوجه الثلاثـة للحاجـة         ,ادراكها

يكون متماشياً مع المطلب و متوافقاً مع       . النفعية، الرمزية والاستاتيكية  

   .وسائل الإنتاج

هنالك العديد من الطروحات والتي اعتبرت العمارة والمجتمع تربطها         و

 الـى اعتبـار     علاقة مؤثرة تجعلها متكاملين وقد وصل البعض منهم       

، 1995راجع رفعة الجـادرجي،     (العمارة هي كيان المجتمع المادي      

وما فكرة روح العصر إلا ترجمة لفكرة تأثير المجتمع على          ) 289ص

العمارة وكل النتاج الانساني بصورة أقوى من أن يخرج عنها الابداع           

ولكننا نرى بأن الظاهرة المعمارية هـي ظـاهرة         .والابتكار الشخصي 

  :عية ولإثبات  ذلك تماجتما

تصنيف الظواهر عامة واين تقـع العمـارة ضـمن هـذا             •

التصنيف ووجدنا عدم إمكانية تصنيفها كظاهرة ضمن أي نطاق آخر          

  .عدا الظواهر المعمارية

: فالظواهر المعمارية كـالظواهر الاجتماعيـة     : من صفاتها  •

جامعة والإلزام والمحدودية، وليس    ) لها كيان مستقل  (عمومية، تلقائية   

تختلف عـن الظـاهرة     ) الظاهرة المعمارية (لكنها  . متشابكة ومتداخلة 

الاجتماعية بكونها نصف أنسانية أي نافعة للإنسان فقط فـي وسـائل            

فبذلك تختلف في صـفاتها     . الانتاج المتطورة، فللحيوان عمارة بدائية    

  .من ناحية كونها نافعة للإنسان فقط

اعية في بنيتها من حيـث      تتشابه الظواهر المعمارية والاجتم    •

احتوائها على الأسس المادية والمعنوية لكنهما يختلفان فـي مكونـات           

  .هذه الاسس

التشابه يأتي من خلال مستويات الظاهرة العامة والخاصـة          •

ومستويات الظاهرة المعمارية لكن الاختلاف هنا يكون فـي اسـتبدال           

هر على المستوى   التفسيرات الفردية والتي على اساسها يتم تقبل الظوا       

. الخاص بالتقبل لبنية الظاهرة من قبل المتلقي في الظواهر المعمارية         

 .فالتجديد يقع بالوظيفة والشكل لنزوع المتلقي لتقديم رؤية متغيرة لهما

ورغم ان الظاهرة المعمارية قد بحثت فقط من خلال الـدار الـسكنية             

 سـماتها وصـفاتها     والتحويرات الحاصلة فيها، الا اننا يمكننا ان نعمم       

على مجمل العمارة لكون الدار السكنية مفصل اساسي فـي العمـارة            

وهو مفصل اساسي للاسرة التي تمثل نـواة المجتمـع فتتجلـى فيـه           

فالمسكن هو العمـارة     .تأثيرات الظاهرة الاجتماعية بأوضح صورها    

المرتبطة بالمجتمع باحتوائه الاسرة وهو الاكثـر تـأثرا بـالظواهر           

فحين تتأثر الابنية الحكومية     .عية من مجالات العمارة الاخرى    الاجتما

والرئاسية بمتطلبات اعتبارية وتتأثر الابنية العلمية والصحية بمتطلبات        

الاجتماعيـة علـى     اقتصادية نجد المسكن يتأثر مباشرة بالمتطلبـات      

العام والذي تتعرض له كـل الاسـر والخـاص والـذي            –المستويين  

  .ي المجتمع في حقبة ماتتعرض له الاسرة ف

هذا التحول والتغير بشكل المدينة وانتمائها الطبقي الاجتماعي وعند 

انتقالها من المنطقة ذات المستوى العالي في المجتمع الى المنطقة ذات 

المستوى الاوطا سيؤثر ذلك اولا على ارتفاع نسبة التحويرات التي 

 الميداني حيث تتعرض لها الدور السكنية وكما وجدنا في البحث

الرخاء الاقتصادي يتناسب عكسيا مع مستوى التحويرات على الدور 

السكنية وبالتالي زيادة التقسيم والذي يؤدي الى مجمل مشاكل غالبا ما 

اهمها .مرت بها كافة المناطق التي شهدت مثل هذا التحول الطبقي 

ضت الفوضى البصرية المتأتية من محدودية مساحة الواجهة التي تعر

للتقسيم وكذلك استحداث مشكلة البنى التحتية حيث الدور التي صممت 

لاستيعاب خدمات لعدد مدروس من الساكنين تؤدي مضاعفته الى 

مما يؤدي الى  حمل اضافي على الخدمات الصحية والبنى التحتية

عجز فيها وبالتالي تدني بالمستوى البصري والوظيفي لتلك المنطقة 

جدناه في مرحلة التسعينات في العراق حيث كانت وهذا ما و .السكنية

 -وخصوصا على افراد الطبقة المتوسطة–الضروف الاقتصادية 

قاسية جدا فكان الاسهل والاسرع والاجدى اقتصاديا ان يستغل جزء 

من الدار لبناء المشتمل لمعيشة الابناء او للايجار وهذا اثر وبشكل 

ق السكنية المتوسطة الدخل كبير على مستوى الاداء البصري للمناط

 على -حيث ساعدت مساحة الدور في تلك المناطق–في تلك المرحلة 

اجراء التحويرات بينما نجد هذا التأثير اقل وضوحا في الثمانينات 

حيث التمكن . ويضمحل في السبعينات ليختفي تماما في الستينات

لتصميمية الاقتصادي لم يتح المجال لإعادة النظر بمستوى العلاقات ا
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حيث . للدار السكنية وبالتالي انعدمت التحويرات في تلك المرحلة 

التمكن الاقتصادي للعائلة العراقية الشابة كان من إحدى سمات مجتمع 

الستينات وكذلك السير قدما نحو نموذج العائلة الغربي المستقل عن 

  .ركبة عن نموذج العائلة الم-كما وجدنا–العائلة الأم والمختلف تماما 

وإذ نكون بصدد مشكلة مناطق سكنية بأكملها عانت نموا تطوريا 

مستندا على الاحتياجات الفعلية الآنية لمعيشة أفرادها وليست على 

خطة حضرية مدروسة او حتى عناصر مصممة مسبقا وإنما تأتي 

الحلول لابقاء المعالم الاصلية للدور السكنية هامشية جدا اذا ما 

المناطق السكنية اعتمادا على   تفرض علىوضعت بشكل قوانين

لكن القرارات للتصاريح البنائية يجب .المساحة المفروزة لكل منطقة 

ان لا تشمل الواجهات والمخططات ونسب التغطية فقط وانما تضم 

المعايير التي تنظم سلوك الاسر ،فعدد الساكنين او عدد العوائل او 

ة ربما يحفز التساؤلات حول مدى تقسيم الاحياء وفقاً لانظمتها الاسري

جدواه لكنه ينعكس ولا بد على الاداء البصري لتلك المناطق حتى وان 

شهدت تحويرات تراكمية ويحد من مشكلة العجز الخدمي للمناطق 

  .السكنية

ومما يخفف من هذه المشكلة هو الحرص على عدم التلبية المباشرة 

كما وجدنا من خلال البحث اذ ان، و. للمتطلبات الفضائية بالتحويرات

الميداني، هذه التلبية السريعة لهذه المتطلبات قد يعقبها غالبا انتفاء 

الحاجة المساحية ، وبالتالي فأن تجاهلها للفترة المرحلية يصبح اجدى 

من تحمل عواقبها بعد التغيير ومن ثم تعرضها للتحوير الثاني والذي 

  .لمدينةيسهم اسهاما مباشرا بالفوضى البصرية ل

وكما بحث فان الدور ذات المخططات المغلقة هي دائما اسهل .

وهذا .واسرع في التحوير من الدور ذات المخططات المميزة والغريبة

فمن العينات البحثية نجد ان  يناقض المستوى الابداعي ويحد منه

غالبية المخططات المصممة من قبل معماريين هي مخططات مفتوحة 

لمخططات المصممة تميل الى تبني اشكال مميزة مما يدل على ان ا

بعيدة عن التتقليدية ذات المخططات المغلقة والجدران المستقيمة 

وبذلك ليكون التصميم عمليا وفي ذات . والغرف المنتظمة الاشكال

الوقت يمتلك حسا ابداعيا ما، يأخذ التصميم موضعا وسطا بين المبالغة 

 –شكل لا يمت للتصميم الاولي بصلة فيتطور بالتالي الى –بالمحافظة 

كما وجدنا في بعض العينات والتي –او المبالغة بالتعقيد واللاانتظام

  .تنتهي الى هد المنزل او هجره

  
  التوصيات التطبيقية

عند تصميم أي ادر سكني يجب ان يراعى كون العائلة الساكنة فيه 

 تلبية وهذا التغاير يجب مراعاته بعدم. كائن متغير عبر الزمن

الحاجات الآنية والمتطلبات المرحلية المقترنة بالحاضر المتغير 

اعتماد الفكرة و. فالتصميم الأكثر موائمة هو الاعصى على التغيير

القائلة بكون المتغيرات الفضائية هي حقيقية اكثر من الجمالية الشكلية 

ي ابتعاداً المرحلية وبذلك فهي تعطي ثباتاً اكبر للتصاميم المنتقاة وبالتال

الدور ف.عن الاهمال الوظيفي والتغاير الاستخدامي للفضاء المقترح

السكنية تنمو عبر الزمن وينبغي مراعاة ذلك بالتصميم بتوفير 

فضاءات بديلة عن الرئيسية قد تصبح هي المسكونة دوناً عن 

الاسرة هي كيان الدار وتلبية متطلباتها هي  ف.فضاءات الدار الاساسية

ي يضمن بقاء الفضاءات المصممة واستمراريتها كما ركن أساس

فيوصي البحث بتقبل التدخل من صاحب الدار . صممت بدءاً

ومشاركته بوضع الخطوط العامة كمطلب أساسي لنجاح التصميم اولاً 

  .ورضا صاحب الدار ثانياً
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