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ABSTRACT 
Productivity estimating of a construction operation is an essential tool for the successful completion of the 
construction process. Productivity of a construction operation is defined as output of the system per unit of 
time. 
In this research Artificial Neural Networks approaches are presented. The main reason for using neural 
networks for construction productivity estimation is the requirement of performing complex mapping of 
environment and management factors to productivity. 
A generic description of the artificial neural networks model is provided, followed by summarized factors 
that affect ceramic labor productivity, then neural-network model are developed for Estimating ceramic 
walls productivity, the input data for the model based on experienced superintendents employed by a leading 
construction general contractor, test results show that the ANN approach can produce a sufficiently accurate 
estimate with a limited data-collection effort, and thus has the potential to provide an efficient tool for 
construction productivity estimation. 

 
 الخلاصة

تخمين الإنتاجية لعملية البناء هي وسيلة أساسية من أجل النجاح في إتمام عملية البناء و تعرف إنتاجية البناء على انها ناتج النظام لكل وحدة من 
لبناء هو متطلبات السبب الرئيسي لاستخدام الشبكات العصبية لتقدير انتاجية ا. في هذا البحث استخدمت الشبكات العصبية الاصطناعية. الوقت

  .رسم الخرائط المعقدة للبيئة و عوامل ادارة الانتاجية
وضع وصف عام لنموذج الشبكات العصبية الاصطناعية ، يليها تلخيص العوامل التي تؤثر على إنتاجية عمال السيراميك ، ثم طور نموذج من 

اعتمدت على المراقبين ذوي الخبرة و الموظفين من لنموذج يانات المدخلة لتخمين انتاجية السيراميك للجدران ، والبلالشبكات العصبية المتقدمة 
قبل المقاول العام للانشاء ، تشير نتائج الاختبار الى أن الشبكات العصبية الاصطناعية يمكن ان تؤدي إلى تخمينات دقيقة بما فيه الكفاية مع 

  .رة على توفير أداة فعالة لتخمين إنتاجية البناءجهود جمع بيانات محدودة ، وبالتالي فأن الاختبار لديه القد
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INTRODUCTION  

Estimating is an essential tool for 
successful completion of a construction process. 
The process for a construction activity can be 
broadly divided into the direct costs and the 
indirect costs plus contingency and profit. The 
direct costs include costs for materials, labors and 
equipment. The direct costs are reached when 
combining the quantitative finite factors to the 
qualitative subjective factors in the estimating 
process. The quantitative factors include unit 
prices of materials, labor wages and equipment 
depreciation. The qualitative subjective factors are 
more difficult to determine. They include, among 
others, productivity rates and associated 
construction risks. (Gould 2002) 

Experienced estimators rely on their 
personal expertise to incorporate the effect of 
qualitative factors in their estimate. Less 
experienced estimators could benefit from tools 
that would incorporate such effects. Neural 
networks are tools that attempt to mimic the 
human brain functions. Like the brain, neural 
networks learn from past trails. They attempt to 
generalize on the data provided. 

 
  

OBJECTIVES 
The main objective of this research is to 

introduce alternative approach of using neural 
network for estimating productivity of ceramic. 
This objective is to be justified through the 
following procedures: 

a- gathering background information by 
reviewing the previous studies related 
on the estimating the productivity of 
project activities techniques. 

b- adjust the factors that affect the 
productivity rates of ceramic activities 
and there data gathering. 

c- developing neural network model 
capable of predicting the productivity 
rates of ceramic for walls. 

 
PRODUCTIVITY 

One of the most contentious areas in 
construction claims is the calculation or 
estimation of lost productivity. Unlike direct 
costs, lost productivity is often not tracked or 
cannot be discerned separately and 

contemporaneously. As a result, both causation 
and entitlement concerning the recovery of lost 
productivity are difficult to establish. 
Compounding these situations, there is no uniform 
agreement within the construction industry as to a 
preferred methodology of calculating lost 
productivity. There are, in fact, numerous ways to 
calculate lost productivity. Many methods of 
calculation are open to challenge with respect to 
validity and applicability to particular cases -- 
thus making settlement of the issue on a particular 
project problematic. (CII 1984) 

“Productivity is measured generally by 
the output per hour of input. (Kavanaugh 1978) 
 
PRODUCTIVITY AND PRODUCTION 

All too often in construction, the terms 
“productivity” and “production” are used 
interchangeably. This is, however, incorrect. 
Production is the measure of output (i.e., things 
produced) whereas productivity is the 
measurement of the production. The following 
two formulas can be used to calculate these two 
terms. 

 
Productivity = Output (units completed) / 

Input (work or equipment hours) 
Productivity Factor = Actual 

Productivity / Baseline or Planned Productivity 
 
Given this set of operating terms, it is 

therefore possible for a contractor to achieve 
100% of its planned production but not achieve its 
planned productivity. That is, a contractor could 
well be accomplishing the planned rate of 
production of 300 linear feet of pipe/day in the 
ground but be expending twice the amount of 
labor planned to accomplish this daily production 
rate, for example. In this case, the contractor 
would be accomplishing 100% of planned 
production but operating at 50% productivity. 
(AACE 2004) 
 
THE FACTORS THAT AFFECT THE 
PRODUCTIVITY 

Mukherjee and sing (1975) classified 
these factors into two groups which are: 

- External factors that we cannot 
control them. 

- Internal factors that we can 
control them. 
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Prokopenko (1987) classified these 
factors into three groups: 

- Work related factors. 
- Input or resource related factors. 
- Boundary related factors. 

Burnham (1982) made the best 
classification which classified into four levels: 

a- State level that contains: 
1- Human recourses as general 

education level, work 
motivation systems, work 
circumstances cooperation in 
the decision making, age and 
experience of the laborers. 

2- Technology and the activities 
researchers and development. 

3- Instruction and the laws of 
work. 

b- Sectors level that contains: 
• Product design and quantity 

engineering application. 
• Machine and equipment 

usage. 
• Training and development. 
• Production volume for each 

person. 
c- Work quality level. 
d- Man power level. 

 
PERFORMANCE 

The word performance contains two 
related concepts they are: 

‐ Performance is the results that 
individual can achieve in work. 

‐ Performance is all that individual 
do to affect the work results. 
(Lefton 1982) 

Which means that the performance is 
continues operation the action refers to the inputs 
and the results are the outputs. (Feldman 1983) 

On the other hand Bain (1982) found 
another definition for (performance) as 
mathematic equality as the following: 

‐ Performance = skill + motivation  
‐ Skill = training + experience  
‐ Motivation = attitude + 

environment 

The last mentioned definition is so 
important, that we have the two performance's 
elements (skill + motivation) to get a particular 
performance level, so at any level there is no 
copasity to compensate the lake of skill by 
increasing motivation or the reverse. 

Scientifically, it can't put a maximum 
level for the motivation but it is possible to find 
maximum man capability according to the 
indicators of mantel and physical nature of human 
body. 
 
ARTIFICIAL NEURAL NETWORKS 

Over the past two decades there has been 
an increased interest in a new class of 
computational intelligence systems known as 
Artificial Neural Networks (ANNs). This type of 
networks (i.e. ANNs) has been found to be 
powerful and versatile computational tools for 
organizing and correlating information in ways 
that have proved to be useful for solving certain 
types of problems which are too complex to 
understand, too poorly to analyze, or too resource-
intensive to tackle using more traditional 
computational methods. 

ANNs have been successfully used for 
many tasks including pattern recognition, function 
approximation, optimization, forecasting, data 
retrieval, and automatic control. As ANNs can be 
useful complement to more traditional numerical 
and statistical methods, their use merits continued 
investigation. (TRB, 1999) 

 
ARTIFICIAL NEURAL NETWORK 
STRUCTURE AND OPERATION: 

A typical structure of ANNs consists of a 
number of artificial neurons variously known as 
processing elements (PEs), or nodes, or units that 
are usually arranged in layers: an input layer, an 
output layer and one or more intermediate layers 
called hidden layers.  

 
The input from each (PE) in the previous 

layer (xi) is multiplied by an adjustable connection 
weight (wij) at each PE, the weighted input signals 
are summed, and a threshold value (θj) may be 
added. This combined input (Ij) is then passed 
through a transfer (activation) function (f(.)) to 
produce the output of the PE (yj). The output of 
one PE provides the input to the PEs in the next 
layer. This process is summarized in equations:  

 
∑ += jiijJ xwI θ                              (.1)             

Summation  
 
yj = f(Ij)                                         (2)             
transfer        
 
Where  

Ij = the activation level of node j; 
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Wij = the connection weight between nodes i 
and j;  

xi  = the input from node i , i = 0,1,……,n; 
θj  = the bias or threshold for node j;  
yj  = the output of node j; and 

f(.)  = the transfer (activation) function 
 

The propagation of information in ANNs 
starts at the input layer where the input data are 
presented. The network adjusts its weights on the 
presentation of a training data set and uses a 
learning rule to find a set of weights that will 
produce the input/output mapping that has the 
smallest possible error. This process is called 
‘learning’ or ‘training’. Once the training phase of 
the model has been successfully accomplished, 
the performance of the trained model has to be 
validated using an independent testing set. 

As described above, ANNs learn from 
data examples presented to them and use these 
data to adjust their weights in an attempt to 
capture the relationship between the model input 
variables and the corresponding outputs. 
Consequently, ANNs do not need any prior 
knowledge about the nature of the relationship 
between the input/output variables, which is one 
of the benefits that ANNs as compared with most 
empirical statistical methods. (Shahin 2003) 
 
 
TRANSFER (ACTIVATION) 
FUNCTIONS 

Transfer functions can take a variety of 
forms. The logistic sigmoid and hyperbolic 
tangent transfer functions are the most common 
functions in neural networks. The logistic sigmoid 
function is usually used when the desired range of 
output values is between 0 and 1, whereas the 
hyperbolic tangent function is often used when the 
desired range of output values is between –1 and 
1. The logistic sigmoid and hyperbolic tangent 
transfer functions are shown in figure and 
equations, respectively. Usually, the same transfer 
function is used for all processing elements in a 
particular layer. (Shahin 2003) 
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TYPES OF NEURAL NETWORKS: 

FEED-FORWARD NEURAL NETWORK: 
The feedforward neural network was the first and 
arguably simplest type of artificial neural network 
devised. In this network, the information moves in 
only one direction, forward, from the input nodes, 
through the hidden nodes (if any) and to the 
output nodes. There are no cycles or loops in the 
network. (Roman 2009) 
 
RADIAL BASIS FUNCTION (RBF) 
NETWORK: 
Radial Basis Functions are powerful techniques 
for interpolation in multidimensional space. A 
RBF is a function which has built into a distance 
criterion with respect to a centre. Radial basis 
functions have been applied in the area of neural 
networks where they may be used as a 
replacement for the sigmoid hidden layer transfer 
characteristic in Multi-Layer Perceptions. RBF 
networks have two layers of processing: In the 
first, input is mapped onto each RBF in the 
'hidden' layer. The RBF chosen is usually a 
Gaussian. In regression problems the output layer 
is then a linear combination of hidden layer values 
representing mean predicted output. The 
interpretation of this output layer value is the 
same as a regression model in statistics. In 
classification problems the output layer is 
typically a sigmoid function of a linear 
combination of hidden layer values, representing a 
posterior probability. Performance in both cases is 
often improved by shrinkage techniques, known 
as ridge regression in classical statistics and 
known to correspond to a prior belief in small 
parameter values (and therefore smooth output 
functions) in a Bayesian framework. (Roman 
2009) 
 
KOHONEN SELEF – ORGANIZING N 
ETWORK: 
The self-organizing map (SOM) invented by 
Teuvo Kohonen performs a form of unsupervised 
learning. A set of artificial neurons learn to map 
points in an input space to coordinates in an 
output space. The input space can have different 
dimensions and topology from the output space, 
and the SOM will attempt to preserve these. 
(Roman 2009) 
 
RECURRENT NETWORK: 
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Contrary to feed forward networks, recurrent 
neural networks (RNs) are models with bi-
directional data flow. While a feed forward 
network propagates data linearly from input to 
output, RNs also propagate data from later 
processing stages to earlier stages, there are many 
types of recurrent network, and these types are: 
(Roman 2009) 

• Simple recurrent network: 
• Hopfield network: 
• Echo state network: 
• Long short term memory network: 

 
 
STOCHASTIC NEURAL NETWORKS: 
A stochastic neural network differs from a typical 
neural network because it introduces random 
variations into the network. In a probabilistic view 
of neural networks, such random variations can be 
viewed as a form of statistical sampling, such as 
Monte Carlo simulation, Boltzman machine. 
(Roman 2009) 
 
MODULAR NEURAL NETWORK: 
Biological studies have shown that the human 
brain functions not as a single massive network, 
but as a collection of small networks. This 
realization gave birth to the concept of modular 
neural networks 
 
NEURO – FUZZY NETWORKS: 
A neuro-fuzzy network is a fuzzy inference 
system in the body of an artificial neural network. 
Depending on the FIS type, there are several 
layers that simulate the processes involved in a 
fuzzy inference like fuzzification, inference, 
aggregation and defuzzification. Embedding an 
FIS in a general structure of an ANN has the 
benefit of using available ANN training methods 
to find the parameters of a fuzzy system. (Roman 
2009) 
 
IDENTIFICATION OF ANN MODEL 
VARIABLES 

The neural network application for ceramic 
productivity estimation is an example of causal 
forecasting. This type of forecasting considers a number 
of variables that affect the variable to be predicted. This 
type of forecasting is more powerful than the traditional 
methods. The purpose of productivity estimation is to 
predict or estimate the productivity from known or 
assumed values of other variables related to it. One of 
the most important tasks of this objective is to determine 

which variables are important indicators. Once the 
appropriate variables have been determined, the 
productivity estimation can be performed either using a 
neural network or any other tool, such as regression 
analysis. 

This research describes the development of 
neural network models of ceramic activity productivity 
based on current projects data. The initial impetus for the 
research was the paucity of data available that can 
provide reliable information about the productivity. 
The data collection method used in this study is the 
direct data gathering from projects and the direct 
interview with the concerned engineers and foremen. 
This method faces a great difficulty nowadays because 
of the unsecured status of the country, and the shortage 
in projects.  

Independent variables were carefully selected 
and well defined as follows: 

V1      Ganger experience.  
V2      Ganger age. 
V3      Number of assistant 
laborers. 
V4      Area of ceramic tile. 
V5      Site complication. 
V6     Height level of the work. 
V7      Climate status (Weather). 

 

MODEL IINPUTS AND OUTPUTS 
It is generally accepted that seven parameters have 

the most significant impact on the productivity 
estimation of ceramic activity, and are thus used as the 
ANN model inputs.  

The output of the model is the total productivity 
of ceramic activity. A code is used in this chapter to 
identify the names of the different models developed. 
The code consists of two parts separated by a hyphen. 
The first part represents an abbreviation of the current 
output (i.e. Total productivity, ID). The second part 
denotes the model number. Hence, for example "TP—
1" represents Total productivity model. The available 
data extracted from the database in appendix A. 
 
PRE-PROCESSING AND DATA 
DIVISION 

Data processing is very important in using 
neural networks successfully. It determines what 
information is presented to create the model during the 
training phase. It can be in the form of data scaling, 
normalization and transformation. Transforming the 
output data into some known forms (e.g. log., 
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exponential, etc) may be helpful to improve ANN 
performance.  

 
The next step in the development of ANN 

models is the division of the available data into their 
subsets, training, testing and validation sets. Trail-and-
error process was used to select the best division, by 
using Neuframe software. The network that performs 
best with respect to testing error was used in this work 
(compared with other criteria to evaluate the prediction 
performance, training error and correlation of validation 
set). Using the default parameters of the software, a 
number of networks with different divisions were 
developed and the results are summarized in Table 
below. 

 
It can be seen that the best division is 60% for 

training set, 30% for testing set, and 10% for validation 
set, according to the highest coefficient of correlation (r) 
and the low difference between the values of testing 
error. Thus, this division was adopted in the model. 
 

The effect of using different choices for 
divisions (i.e. striped, blocked, and random) was 
investigated and shown in Table below. It can be seen 
that the performance of ANN model was relatively 
insensitive to the method of division. The better 
performance was obtained when the striped division was 
used. 
  

SCALING OF DATA 

Once the available data have been divided into 
their subsets, the input and output variables are pre-
processed by scaling them to eliminate their dimension 
and to ensure that all variables receive equal attention 
during training. Scaling has to be commensurate with 
the limits of the transfer functions used in the hidden and 
output layers (i.e. —1.0 to 1.0 for tanh transfer function 
and 0.0 to 1.0 for sigmoid transfer function). The simple 
linear mapping of the variables' extremes to the neural 
networks practical extremes is adopted for scaling, as it 
is the most commonly used method, (Shahin, 2003). 
As part of this method, for each variable x with 
minimum and maximum values of xmin and xmax , 
respectively, the scaled value xn, is calculated as 
follows: 

x - xmin 
xn = (5)                             ـــــــــــــــــــــــــ  

xmax - xmin 
 

MODEL ARCHITECTURE, 
OPTIMIZATION AND STOPPING 
CRITERIA 

One of the most important and difficult tasks in the 
development of ANN models is the determination of the 
model architecture (i.e. the number and connectivity of 
the hidden layer nodes). A network with one hidden 
layer can approximate any continuous function, 
provided that sufficient connection weights are used, 
(Shahin et al 2002). 

Consequently, one hidden layer is used in this 
research. The general strategy adopted for finding the 
optimal network architecture and internal parameters 
that control the training process is as follows: a number 
of trials were carried out using the default parameters of 
the software used with one hidden layer and starting 
with one hidden node and then slightly increasing the 
number of the nodes until no significant improvement in 
the model performance, was gained. 

The network that performs best with respect to the 
lowest testing error followed by training error and high 
correlation coefficient of validation set was retrained 
with different combinations of momentum terms, 
learning rates and transfer functions in an attempt to 
improve model performance. 

Consequently, the model that has the optimum 
momentum term, learning rate and transfer function was 
retrained a number of times with different initial weights 
until no further improvement occurred. 

Using the default parameters of the software 
(learning rate =0.2 and momentum term = 0.8 and the 
transfer functions in hidden and output layer nodes are 
sigmoid), a number of networks with different numbers 
of hidden layer nodes were developed and results are 
summarized in Table below for ANN model, since 
maximum no. of nodes equal to (2I+1) where (I) the 
number of input nodes. (i.e. max. nodes=15). 

 
It can be seen from that there are slightly 

differences in testing error. Therefore, one hidden node 
was chosen in this model. It is believed that the network 
with one hidden node is considered optimal. 

The effect of the internal parameters controlling 
the back-propagation algorithm (i.e. momentum term 
and learning rate) on the model performance was 
investigated for the model with one hidden layer node. 
The effect of the momentum term on model 
performance is summarized in Table below: 

 
             It can be seen from that the performance of the 
ANNs model is relatively insensitive to the variation of 
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1

1 + e(-3.3789+4.4862 tanh x) 

the momentum term, particularly in the range 0.01 to 
0.5. Then the test errors slightly decrease at the range 
0.55 to 0.95. Thus, the obtained optimum value for the 
momentum term is 0.9 which have the lowest values of 
testing error (8.88%) and training error (9.34%) and 
maximum correlation coefficient (r) (87.68%), hence it 
was used in this model. In addition, the effect of the 
learning rate on the model performance was investigated 
(momentum term = 0.9). The results are summarized in 
Table below. The optimum value for learning rate is 0.6 
which has the lowest prediction error, hence it used in 
this model.  

 
It can be seen from that the performance of the 

ANN model is relatively insensitive to the variation of 
the learning rate. Thus, the obtained optimum value for 
the learning rate is 0.6, which has the low value of 
testing error, low value training error and high 
coefficient of correlation (86.33%); hence it was used in 
this model. 

The effect of using different transfer functions (i.e. 
sigmoid and tanh) was investigated and it was shown in 
Table below. It can be seen that the performance of 
ANN model was relatively insensitive to the type of the 
transfer function. The better performance was obtained 
when the sigmoid transfer function was used for both 
hidden and output layers. 

 
To ensure the data that were carried out by 

Neuframe software for training, testing, and validation 
sets to represent the same statistical population, a 
statistical parameters estimation was carried out, 
including the mean, standard deviation, minimum, 
maximum, and range, as shown in Table: 

The results indicated that the training, testing, and 
validation sets are generally statistically consistent. 
 
SENSITIVITY ANALYSIS OF THE ANN 
MODEL INPUTS 

In an attempt to identify which of the input 
variables have the most significant impact on the output 
predictions, a sensitivity analysis was carried out on the 
ANN model. A simple and innovative technique 
proposed by Garson (1991) {AS Mentioned in 
Shahin et.al, 2002} was used to interpret the 
relative importance of the input variables by examining 
the connection weights of the trained network. For a 
network with one hidden layer, the technique involves a 
process of partitioning the hidden output connection 
weights into components associated with each input 
node. For this model, the method is illustrated as 
follows. The model has seven input nodes, one hidden 

node, and one output node with connection weights as 
shown in Table: 
 
The computational process proposed by Garson (1991) 
is as follows: 

• For each hidden node i, obtain the products Pij 
(where j represents the column number of the 
weights mentioned above) by multiplying the 
absolute value of the hidden-output layer 
connection weight by the absolute value of the 
hidden-input layer connection weight of each 
input variable j. 

• For each hidden node, divide Pij by the sum of all 
input variables to obtain Qij. For each input 
nodes, sum Qij to obtain Sj. in this case the Qij 
will be equal to Sj. 

• Divide Sj by the sum for all input variables to get 
the relative importance of all output weights 
attributed to the given input variable. The 
results of the above technique were presented 
in Table: 

 
These results indicate that the variable (V6) have 

the most significant effect on the predicted total 
productivity with a relative importance (27.93%). The 
results also indicate that (V1, V2 and V5) have a 
moderate impact on prediction with a relative 
importance equals to 11.77%, 18.97% and 15.31% 
respectively, while the variables (V3, V4 and V7) have 
the smallest impact on prediction with the relative 
importance of 8.51%, 9.97% and 7.53% respectively. The 
results are also presented in the figure: 
 
ANN MODEL EQUATION: 

The small number of connection weights obtained 
by Neuframe for the optimal ANNs model enables the 
network to be translated into relatively simple formula. 
While as connection weights and threshold levels (bias) 
are summarized in Table below: 
 

Using the connection weights and the threshold 
levels shown in Table above, the prediction of the 
equation total productivity for wall ceramic can be 
expressed as follows: 
 
TP =ـ  ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ   (6)                           ـ
  
 
Where: 

X= {θ8+ (W8-1*V1) + (W8-2*V2) + (W8-3*V3) + (W8-

4*V4) + (W8-5*V5) + (W8-6*V6)  
+ (W8-7*V7)}                                                           (7)    
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2.89 
1 + e(-3.3789+4.4862 tanh x) 

 
And it can be written as: 
TP = ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ ــ   + 0.94         (8) 
 
 

It can be noted that, before using Equation (2), all input 
variables (i.e. V1, V2 ….. ,V7) need to be scaled 
between 0.0 and 1.0 and the data ranges in the ANN 
model training. It should also be noted that the predicted 
value of the total productivity obtained from Equation 
(1) is scaled between 0.0 and 1.0. 

 
CONCLUSIONS 
Through the research work, there are groups of 
conclusions that can be summarized by the 
following points: 

• The study shows that neural networks are 
able to model the complex relationships 
between the job conditions and the 
productivity of an operation and achieve 
an acceptable accuracy in estimation. 

• The presented approach agrees well with 
the way in which a contractor makes an 
intuitive estimate, based on developed 
experience that comes from observation. 
However, the superiority of the approach 
over a pure empirical method is that it 
generalizes the cause-effect relationships 
and provides a binding mechanism to 
maintain the consistency of an estimate. 

• The model was never designed to replace 
the estimator, only to be another tool to 
formulate final labor productivity for an 
estimate. An estimator's judgment would 
always be the final approval before a 
labor productivity estimate is completed. 

• The productivity rate models derived 
in this research enable planners and 
construction operation researchers 
studying the ceramic productivity 
more accurately than previous 
approaches. 

• The sensitivity analysis indicated the 
following: 

• The results obtained using this model indicate 
that the variable (V6) have the most significant 

effect on the predicted total productivity with a 
relative importance (27.93%).  

• The results also indicate that (V1, V2 and V5) 
have a moderate impact on prediction with a 
relative importance equals to 11.77%, 18.97% 
and 15.31% respectively,  

• while the variables (V3, V4 and V7) have the 
smallest impact on prediction with the relative 
importance of 8.51%, 9.97% and 7.53% 
respectively. 

RECOMMENDATIONS: 
The construction management should also be 
familiar with powerful estimate tools such as 
ANN. This invitation is not optional, but rather 
inevitable, if the challenges of the forthcoming 
period, which Iraq is marching towards, are to be 
faced and overcome. 
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Figure (1) Typical structure and operation of ANNs (Shahin 2003). 
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(a) The logistic sigmoid function 

 

 
 (b) The hyperbolic tangent function 

Figure (2) The logistic sigmoid and hyperbolic tangent transfer functions. (Shahin 2003) 
 

 
Table (1) Divisions developed and results. 

Data Division % 
Training Testing Querying

Training 
Error % 

Testing 
Error % 

Coefficient 
of 

Correlation 
(r) % 

70 10 20 8.09 9.38 72.53 
68 12 20 7.78 14.28 76.34 
66 14 20 8.35 8.70 73.50 
65 15 20 8.36 9.04 78.52 
65 20 15 8.28 11.94 76.57 
60 20 20 7.98 11.06 77.52 
60 25 15 8.93 9.23 66.57 
60 30 10 9.51 8.99 88.23 
56 24 20 8.11 10.31 75.80 
55 30 15 9.81 7.99 71.94 
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55 25 20 9.81 7.99 -63.64 
55 20 25 9.81 7.99 -79.43 
50 30 20 8.56 9.31 77.77 
50 35 15 8.79 9.24 77.07 
45 35 20 8.11 10.31 -61.30 

 
Table (2) Effect of using different choices of divisions. 

Data Division % 

Training Testing Querying 

choices of 
division 

training 
error% 

testing 
error% 

coefficient 
correlation(r)% 

60 30 10 Striped 9.51 8.99 88.23 

60 30 10 Blocked 9.51 8.99 -66.24 

60 30 10 Random 8.04 9.73 34.34 

 
Table (3) ), Effect on networks with different numbers of hidden layer nodes . 

No. of Nodes Training Error % Testing Error % Coefficient of 
Correlation (r) % 

1 9.51 8.99 88.23 

2 9.54 9.17 88.25 

3 9.58 9.11 88.37 

4 9.65 9.15 89.07 

5 9.74 9.26 89.41 

6 9.67 8.98 88.63 

7 9.75 9.15 89.04 

8 9.82 9.05 89.13 

9 9.92 8.96 88.65 

10 9.73 8.98 88.99 

11 9.30 9.01 89.04 

12 9.79 9.56 90.70 

13 9.81 9.10 89.42 

14 9.68 9.62 90.31 

15 9.77 9.19 89.71 
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Table (4) effect of the momentum term on model performance. 
Parameters Effect Momentu

m Term 
Train

ing Error 
% 

Testi
ng Error 

% 

Coefficient 
Correlation(r)% 

0.01 9.80 9.02 88.49 

0.05 9.81 9.02 88.48 
0.1 9.80 9.02 88.49 
0.2 9.78 9.02 88.49 
0.3 9.76 9.02 88.49 
0.4 9.72 9.02 88.48 
0.5 9.71 9.02 88.47 
0.55 9.67 9.01 88.45 
0.6 9.66 9.01 88.44 
0.7 9.59 9.01 88.36 
0.8 9.51 8.99 88.23 
0.9 9.34 8.88 87.68 

Model No. 1 
Choices of division 

(striped) 
Learning Rate 

(0.2) 
No. of Nodes 

(1) 
Transfer function 

in hidden layer 
(sigmoid) 

Transfer function 
in output layer 

(sigmoid) 
0.95 9.19 9.08 87.25 

 

Table (5) Effect of the learning rate on the model performance . 
Parameters Effect Learning 

Rate 
Traini

ng Error % 
Testin

g Error % 
Coefficient 

Correlation(r)% 

0.02 12.47 11.34 82.01 

0.05 9.65 8.99 88.40 
0.1 9.50 8.95 88.19 
0.15 9.41 8.86 87.94 
0.2 9.34 8.88 87.68 
0.3 9.28 8.70 87.34 
0.4 9.24 8.82 86.94 
0.5 9.21 9.17 86.60 
0.55 9.21 8.98 86.53 
0.6 9.20 8.65 86.33 
0.7 9.22 8.41 85.80 

Model No. 1 
Choices of division 

(striped) 
Momentum Term 

(0.9) 
No. of Nodes 

(1) 
Transfer function in 
hidden layer 

(sigmoid) 
Transfer function in 
output layer 

(sigmoid) 0.8 9.78 8.28 85.90 
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Table (6) Effect of using different transfer functions. 
Transfer Function Parameters  

Effect 
Hidde

n Layer 
Outp

ut Layer 

Trainin
g Error % 

Testing 
Error % 

Coefficient 
Correlation(r)% 

Sigmo
id  

Sigmo
id  

9.20 8.65 86.33 

Sigmo
id  

Tanh  62.14 66.76 --- 

Tanh  Sigmo
id  

9.26 9.89 79.47 

Model No. 1 
Choices of 

division 
(striped) 

No. of Nodes 
(1) 

Momentum 
Term 

(0.9) 
Learning Rate 

(0.6) 

Tanh  Tanh  62.14 66.76 --- 

 
 

 
Table (7) Data statistical parameters. 

Output Input Variables Statistical 
parameter 

productivity V1 V2 V3 V4 V5 V6 V7 
 Training set 

MAX 3.83 15 46 2 0.1 1 2 2 

MIN 0.94 3 26 1 0.06 0 0 0 

RANGE 2.89 12 20 1 0.04 1 2 2 

MEAN 2.0335 9.45 36.13333 1.416667 0.086 0.466667 0.45 0.283333 

S.D 0.636571 4.114567 7.247365 0.497167 0.01924 0.503098 0.648989 0.490301 
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 Testing set 

MAX 3.07 15 46 2 0.1 1 2 1 

MIN 0.9 3 26 1 0.06 0 0 0 

RANGE 2.17 12 20 1 0.04 1 2 1 

MEAN 1.866667 10 37 1.566667 0.084 0.533333 0.6 0.333333 

S.D 0.449623 3.99137 7.22066 0.504007 0.019931 0.507416 0.723974 0.479463 

 Validation set 

MAX 3.12 15 46 2 0.1 1 1 1 

MIN 1.33 3 26 1 0.06 0 0 0 

RANGE 1.79 12 20 1 0.04 1 1 1 

MEAN 2.021 10.1 37.1 1.6 0.084 0.5 0.4 0.1 

S.D 0.519154 3.984693 7.340148 0.516398 0.020656 0.527046 0.516398 0.316228 

 
 

Table (8) Output nodes with connection weights. 

  Weights Hidden 
Nodes 

V1 V2 V3 V4 V5 V6 V7 output 
Hidden 

1 
0.92992

8 
1.49883

2 
-

0.67265
-0.787878 1.209671 2.20604

8 
0.59439

4 
-

4.486283
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Table (9) Technique results. 

 
 

 

 
Figure (3) Relative importance of the input variables for the Model  

 
 

Input 
Variables 

Weights  
(from input to 

hidden) 
 absolute 

Hidden 
node 

Weights  
(from hidden to 
output) absolute 

Output 
node 

Pij Qij=Pij/∑Pij Sij=∑Qij R.I% 

V1 0.929928377880479 4.171922172 0.117721328 0.117721328 11.77% 

V2 1.4988328523284 6.724188827 0.189739983 0.189739983 18.97% 

V3 0.672650849930333 3.017702289 0.085152097 0.085152097 8.51% 

V4 0.787878018353824 3.534644013 0.099738914 0.099738914 9.97% 

V5 1.20967140631394 5.426928654 0.153134508 0.153134508 15.31% 

V6 2.20604809276063 9.896956765 0.279267649 0.279267649 27.93% 

V7 0.594394785685078 

 
 
 
 
1 

 
 
 
 

4.4862833213507

 
 
 
 
1 

2.666623413 0.075245519 0.075245519 7.53% 

 ∑Pij= 35.43896613 ∑Sij= 1 100.00%
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Figure (4) Structure of the ANNs optimal model 

Table (10) Connection weights and threshold levels 0f modele. 

Wji (weight from node i in the input layer to node j in the hidden 
layer) 

Hidden 
layer 
nodes i=1 i=2 i=3 i=4 i=5 i=6 i=7 

Hidden 
layer 

threshold 
θj 

j=8 0.9299 1.4988 -0.6726 -0.7878 1.2096 2.2060 0.5943 0.4247 

Wji (weight from node i in the hidden layer to node j in the output 
layer) 

Output 
layer 
nodes i=8 - - - - - - 

Output 
layer 

threshold 
θj 

j=9 -4.4862 - - - - - - 3.3789 
 

APPINDIX A: INPUTS AND OUTPUT VARIABLES USED FOR MODEL 
Productivity Height complication Labors Age Experience Weather Area of ceramic 

1.64 0 1 2 35 10 0 0.06 
0.9 1 1 2 35 10 0 0.06 

1.94 0 1 2 35 10 0 0.06 
1.82 0 1 2 35 10 0 0.06 
2.1 0 0 2 35 10 0 0.06 

1.22 1 1 2 35 10 0 0.06 
1.2 2 1 2 35 10 0 0.06 

1.36 1 1 2 35 10 0 0.06 
1.32 0 1 2 35 10 0 0.06 
1.44 0 1 2 35 10 0 0.06 
1.7 1 1 2 35 10 0 0.06 
1.1 2 1 2 35 10 0 0.06 



Journal of Engineering Volume 17   April    2011      Number2   
 

216 
 

1.9 0 0 2 35 10 0 0.06 
1.6 0 1 2 35 10 0 0.06 

1.49 0 1 1 35 10 0 0.06 
3.15 0 0 2 35 10 0 0.06 
0.94 2 1 1 35 10 0 0.06 
1.68 0 1 1 35 10 0 0.06 
1.59 0 1 1 35 10 0 0.06 
1.63 1 1 1 35 10 0 0.06 
1.86 0 0 1 46 15 0 0.06 
1.84 0 0 1 46 15 0 0.06 
1.8 1 0 1 46 15 0 0.06 

1.76 0 0 2 46 15 0 0.06 
2.08 0 0 2 46 15 0 0.06 
2.12 0 0 2 46 15 0 0.06 
1.7 0 0 2 46 15 0 0.06 
1.4 0 1 2 46 15 0 0.06 

1.37 0 1 2 46 15 0 0.06 
1.42 0 1 1 46 15 0 0.06 
1.33 1 1 1 46 15 0 0.06 
1.6 2 0 2 46 15 0 0.06 

1.88 1 0 2 46 15 1 0.06 
1.49 1 0 2 46 15 1 0.06 
2.32 0 0 1 46 15 1 0.06 
1.92 0 0 2 46 15 1 0.06 
1.87 0 0 2 46 15 1 0.06 
1.82 0 0 2 42 12 1 0.1 
2.15 0 0 1 42 12 1 0.1 
1.67 1 0 1 42 12 1 0.1 
2.37 0 0 2 42 12 0 0.1 
2.08 0 0 2 42 12 0 0.1 
1.57 0 0 1 42 12 0 0.1 
1.9 0 0 1 42 12 0 0.1 

1.76 1 0 1 42 12 0 0.1 
1.89 0 0 1 42 12 0 0.1 
1.88 0 0 1 42 12 0 0.1 
1.76 0 0 1 42 12 0 0.1 
2.02 0 0 1 42 12 0 0.1 
1.87 0 0 1 42 12 0 0.1 
1.56 1 0 1 42 12 1 0.1 
2.76 0 0 2 42 12 1 0.1 
3.07 0 0 2 42 12 0 0.1 
1.76 0 0 1 42 12 1 0.1 
1.49 2 0 1 42 12 1 0.1 
2.05 0 0 2 42 12 0 0.1 
1.69 0 0 1 41 12 1 0.1 
2.17 0 0 2 41 12 2 0.1 
1.78 0 0 1 41 12 1 0.1 
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1.43 1 0 1 41 12 0 0.1 
2.31 0 0 1 41 12 0 0.1 
2.33 0 1 2 41 12 0 0.1 
2.13 1 1 2 41 12 0 0.1 
1.79 0 1 1 41 12 0 0.1 
1.92 1 1 1 41 12 0 0.1 
2.07 0 1 1 41 12 0 0.1 
3.03 0 1 2 41 12 0 0.1 
2.33 1 1 1 41 12 0 0.1 
1.76 1 1 1 29 6 0 0.1 
2.33 0 1 1 29 6 0 0.1 
2.23 1 1 2 29 6 0 0.1 
1.95 1 1 1 29 6 1 0.1 
2.39 1 1 1 29 6 0 0.1 
2.13 1 1 1 29 6 1 0.1 
1.54 1 1 1 29 6 1 0.1 
2.86 1 1 1 29 6 0 0.1 
2.51 1 1 1 29 6 1 0.1 
1.88 2 1 1 29 6 0 0.1 
2.46 1 0 1 29 6 0 0.1 
2.46 1 1 2 29 6 1 0.1 
3.12 0 0 2 29 6 0 0.1 
2.17 0 1 1 29 6 1 0.1 
1.94 2 1 1 29 6 0 0.1 
2.17 1 0 2 26 3 1 0.1 
2.79 0 0 2 26 3 0 0.1 
3.67 0 0 2 26 3 1 0.1 
2.73 0 1 2 26 3 1 0.1 
2.08 1 1 2 26 3 0 0.1 
3.7 0 0 2 26 3 0 0.1 

1.07 2 1 2 26 3 0 0.1 
2.09 0 1 2 26 3 0 0.1 
1.24 1 1 2 26 3 0 0.1 
1.23 2 1 1 26 3 1 0.1 
1.76 0 1 1 26 3 1 0.1 
3.08 0 0 1 26 3 0 0.1 
3.83 0 0 1 26 3 0 0.1 
2.45 1 0 1 26 3 0 0.1 
2.68 0 0 1 26 3 0 0.1 
1.77 1 0 1 26 3 1 0.1 
2.26 0 1 1 26 3 0 0.1 
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EFFECT OF OPENIINGS WITH OR WITHOUT STRENGHENING 
ON PUNCHING SHEAR STRENGTH FOR REINFORCED 

CONCRETE FLAT PLATES   
 

Asst. Lect. Abeer  H.H.  Al-Shammari 
Civil Engineering Department 

College of Engineering/  Al-Mustanseryah University 
 
ABSTRACT 
   Reinforced concrete slabs with openings are usually designed with help of traditional rules proposed by 
building codes. Such methods introduce limitations concerning size, location of openings and magnitude of 
applied loads. Furthermore, there are some traditional approaches to strengthen reinforced concrete slabs 
with openings which can be either cumbersome or expensive. This paper studies variable locations of an 
opening with respect to a central column in reinforced concrete flat plates, and presents a good approach to 
strengthen this opening by using steel plates.  
   Nine reinforced concrete flat plates are cast with dimensions (length, width and thickness) equal to (850, 
470 and 50) mm) using a single concrete mix with average compressive strength (fcu) equals 30 MPa. Each 
slab contains a square cross-section opening (side length =75 mm) and supported by a central square cross-
section column (side length =75 mm). The variables of this study are: the type of opening (with or without 
strengthening) and the clear distance between the opening and the column which takes the values (0.0d, 2d, 
4.5d and 7d), where d is the effective depth. The specimens are tested over a simply supported span at four 
edges. 
   The test results show that, the ultimate load reaches the maximum value for slab without opening while 
this load reaches the minimum value for slab with a non-strengthening opening and lies in the pattern of the 
failure zone (where the clear distance between the column and the opening equals 4.5d). 
    When a comparison is made between the test results ,it is concluded that ;strengthening the slab opening 
with steel plates causes increasing in the ultimate load by (19.44 ,19.51 ,35.13 and 13.46) % for the 
specimens  (0.0d ,2d ,4.5d  and 7d ) respectively. 
 
KEY WORD: Punching Shear, Flat Plate, Slab with Opening. 
 

   تأثير الفتحات مع أو بدون تقويه على مقاومة القص الثاقب لبلاطات خرسانية مستوية مسلحه
:الخلاصة  

هذه .البناء ) وداتك  ( من قبل انظمة  السقوف الخرسانيه المسلحة والحاوية على فتحات تصمم عادة بمساعدة القواعد التقليدية المقترحة

كذلك فان هنالك بعض الطرق التقليدية لتقوية السقوف . وقيم الأحمال المسلطة موقع الفتحات ،الطرق تقدم حدود بخصوص حجم الفتحات 

  طات لبلا هذا البحث يدرس مواقع متغيره لفتحه بالنسبة لعمود محوري.الخرسانيه المسلحة ذات الفتحات وهذه الطرق أما متعبه أو مكلفه

 تتضمن                  .                        و يقدم طريقه جيده لتقوية تلك الفتحة باستخدام صفائح حديديه،خرسانيه مسلحه مستوية 

، ملم  ) 50 و 470 ،850(مساوية إلى ) العرض والسمك،الطول (  نماذج من البلاطات الخرسانيه المسلحة بأبعاد   تسعه الدراسة صب

 30باستخدام خلطه خرسانيه واحده بمعدل مقاومه انضغاط مساوية إلى ،)  ملم75=طول الضلع (بع قف يحتوي فتحه ذات مقطع مركل س

 ( نوع ألفتحه :متغيرات هذه الدراسة هي  ) . ملم75= طول ضلعه ( مقطع مربع  مسنده بواسطة عمود محوري ذوالبلاطة،ميكا باسكال 
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تم فحص .من العمق الفعال  ) 7 و 4.5 ، 2 ،0(ة الصافية بين العمود والفتحة والتي أخذت القيم التالية و المساف) مع أو بدون تقويه 

 نتائج الفحص بينت أن حمل الفشل وصل         .                             النماذج على فضاء بسيط الإسناد من الجوانب الاربعه 

( و وصل أدنى قيمه له في السقف ذي الفتحة غير المقواة و واقعة على مسار حيز الفشل ،تحه أعلى قيمه له في السقف الغير حاوي على ف

).                                                         من العمق الفعال 4.5عندما تكون المسافة الصافية بين العمود و الفتحة تساوي 

فقد تم استنتاج أن تقوية فتحات السقوف بصفائح حديديه يسبب زيادة في حمل الفشل ،صات عندما عملت مقارنه بين نتائج الفحو        

.الفعال على التوالي من العمق  ) 7 و 4.5 ، 2  ،0.0(للنماذج  ) % 13.46 و 35.13 ،19.51 ،19.44( بنسب   
 
INTRODUCTION 
   Openings in slabs are usually required for 
different purposes such as for fire protection 
pipes, plumbing, heat and ventilation ducts and air 
conditioning (Mota and Camara 2005). These 
openings can severely weaken the slab due to the 
discontinuity of both concrete and steel .There are 
some traditional approaches to strengthen opening 
including use of embedding reinforcing steel bars 
next to the opening, the addition of columns at the 
edges of openings and the good approach is the 
use of carbon fiber reinforced polymer (CFRP) 
systems, but this approach is expensive (Seliem 
and Sumner 2008). 
    In many cases only strengthening along 
opening edges is advised by adding reinforcing 
steel bars next to the opening .One practical 
method of reinforcement arrangement that 
consists in applying skew bars in opening corners. 
A big advantage in application of this method can 
be obtained since bars are situated perpendicular 
to the direction where the main crack is to appear 
(Rusinowsk 2005). 
     This study gives a clear understanding on the 
behavior and failure mechanisms of a proposed 
concrete slab with opening of different locations. 
Also gives a good approach to strengthen this 
opening with steel plates in section conforms to 
the opening. The output of this study will be 
beneficial  to produce an efficient strengthening 
method to slab with opening .If the concept of 
strengthening using steel plates is commercially 
accepted ,thus a strengthening process can be 
conducted much easier  with equally satisfactory 
solutions. 
 
EXPERIMENTAL WORK 
 
Experimental Program 
     The test program consists of fabricating and 
testing of nine reinforced concrete slabs with a 
central column and a single opening  using a 
concrete mix with average cube compressive 
strength (fcu) equal to (30 MPa). All slab 
specimens have the same dimensions (length, 

width and thickness) equal to (850, 470 and 
50mm) and concrete cover of (15 mm); see Fig. 1. 
The variables investigated in this study are the 
type of opening (with or without strengthening) 
and the clear distance between the column and the 
opening in the slab specimen. Deformed welded 
wire fabric mesh (WWF) with (6mm) diameter 
and (75mm) c/c spacing each way are used as 
flexural reinforcement placed in tension faces. 
The average yield strength (fy) of deformed wires 
is (438MPa).The specimens are divided into two 
groups, each of them includes four specimens, the 
specimens of the first group are with non 
strengthening openings while the specimens of 
second group are with strengthening openings, the 
ninth specimen is cast without opening and 
considered as a reference.  Table 1 shows the 
detail of the specimens. All specimens are tested 
over a simply supported span at four sides using a 
steel frame made for this purpose.  
 
MATERIALS 
   The materials used in manufacturing the test 
specimens are reported and presented in Table 2 
with descriptions; the tests of materials are 
presented in Tables 3, 4 and 5 and the concrete 
mix proportions are reported and presented in 
Table 6. 
 
Details of Moulds and Openings 
       Steel moulds are used for casting control 
specimens while wooden moulds are used for 
casting slab specimens, the central column of slab 
is fabricated by using a hollow wooden square 
cross-section box (clear side length =75mm) and a 
solid wooden box is used to fabricate the opening 
in specimens of group A, Fig. 2a shows details of 
mould of group A and Fig. 2b shows the 
reinforcement details of the column.  
 
    The same moulds are used to fabricate 
specimens of group B, but the strengthening of 
opening is made by using steel plates in square
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 cross-section (side length =75 mm, thickness of 
plates =3mm). Bond between steel plates and 
concrete is obtained by using bolts welded to the 
steel plates (two bolts of diameter 17 mm in each 
side) as shown in Fig.3. 

 
Mixing, Casting, Compacting and Curing 

Procedure 
The mixing procedure was as follows:- 

• Before mixing, all quantities are weighted 
and packed in clean containers. 

• Saturated surfaces dry crushed gravel and 
dry sand are added to the rotary drum 
mixer of (0.18m3) volume capacity and 
mixed for several minutes. 

• The cement is then added to the mixer, 
and water is added gradually to the mix. 
The total mixing time is (8-10 minutes). 

• The moulds are coated with oil before 
putting the reinforcing bar, or casting the 
control specimens. 

• Before placing the concrete in the mould, 
steel reinforcement is placed in the mould 
and the specimen is cast in two layers. 
Then, column is cast continuously 
(monolithically) with slab. Specimens 
were compacted by a table vibrator with a 
compaction time (2minutes) for each 
layer; some of these procedures are 
explained in Fig.4. After casting, the slab 
specimens and control specimens are 
covered with polythene sheets and after 
(24 hours) they are stripped of the moulds 
and placed in water for other (27days) and 
then tested.  

 
Test Measurement and Instrumentation  
   A hydraulic universal testing machine (MFL 
system) is used to test the specimens as well as 
control specimens. Central deflection has been 
measured by means of (0.01mm) accuracy dial 
gauge (ELE type) and (30mm) capacity. The dial 
gauges are placed underneath the bottom face of 
each span at mid, Fig. 5 shows the test 
instrumentation. All tests are made in the 
Laboratory of Structures in Al-Mustansiriya 
University, College of Engineering. 
 
RESULTS AND DISCUSSIONS 
 
Engineering Properties of Hardened 
Concrete 

      Control specimens ,which contain four 
standard cylinders, three cubes  and one standard 
prism with each slab specimen ,are tested at age of 
28 days to determine the engineering properties of 
hardened concrete  ,which include concrete 
compressive strength, modulus of elasticity Ec , 
splitting tensile strength f `sp and modulus of 
rupture fr. Table 7 shows the engineering 
properties. 
 
SLAB SPECIMENS 
   In this study, eight opened slabs are tested in 
addition to another slab without opening 
(reference). These slabs are identical in size and 
ratio of steel reinforcement, but different in the 
type of opening and in the clear distance between 
the column and the opening in the slab specimen. 
According to these variables, ultimate loads, crack 
patterns as well as shapes of failure are different 
from each other. 
 
Crack Pattern 
 The test results of cracking and ultimate loads are 
reported and presented in Table 8. When load is 
applied to these slab specimens, the first cracks 
form at about (15.5-20.4) % of the ultimate load 
for the slab specimens. At ultimate load, punching 
shear failure occurs suddenly for all specimens  
  The first crack appears around the sides of the 
column on the tension face of the slab and other 
cracks form at the central region of the slab. By 
increasing the load, these cracks widen and 
increase in number. At ultimate load, punching 
shear failure occurs suddenly for all slabs. Fig. 6 
illustrates crack patterns and failure modes of 
specimens. From Fig. 6 it is evident that the 
capillary cracks appear in the tensile face of the 
slabs when the moment generated from the 
applied load reaches to the crack moment. Also it 
is clear that the punching cracks for the specimens 
of group B do not enclose around themselves 
because the presence of steel plates strengthen the 
area around the opening. 
 
Load-Deflection Behavior 
   The deflection results of all specimens are 
illustrated in Table 9. The test results show that, 
the deflection at ultimate load increases as the 
ultimate load increases (specimens A4, B4 and R 
have maximum deflection due to maximum 
ultimate load). Also Fig. 7 and Fig. 8 show the 
load-deflection relationships of the slabs. From 
these figures, it is observed that the specimens 
have a convergent load-deflection behavior 
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because of the size of specimens which is rather 
small. 
 
Ultimate Loads 
   Ultimate load capacity for punching failure is 
illustrated in Table 8.The test results show that:- 

• The ultimate load reaches the maximum 
value for the specimen (R) of no opening 

• Strengthening the slab opening with steel 
plates causes increasing in the ultimate 
load by (19.44 ,19.51 ,35.13 and 13.46 )% 
for the specimens  (0d ,2d ,4.5d  and 7d ) 
respectively. 

• The ultimate load is about (51.79, 59.00, 
42.86 and 84) % and about (64.30, 73.21, 
66.07 and 96.43) % of the ultimate load of 
the reference (R) for the specimens (A1 – 
A4) and for the specimens (B1 –B4) 
respectively. 

• The ultimate loads increase as the clear 
distance between the column and the 
opening is increased , except specimens 
A3 and B3 because the opening lies in the 
pattern of the failure zone (where the 
clear distance between the column and the 
opening equals 4.5d) (Al-Hafiz 2009). See 
Fig. 9. 

 
Area of Failure Zone 
    The areas and perimeters of the punching 
failure zones are measured for the specimens (A1, 
A2, A4 and R) only because the opening of the 
specimen A3 leis in the pattern of the failure zone 
where the clear distance between the column and 
the opening equals 4.5d (Al-Hafiz 2009) (i.e. the 
failure zone does not enclose around itself).Also 
the areas of the punching failure zones of 
specimens of group B do not be measured because 
the steel plates strengthen the area around the 
opening (also the failure zones do not enclose 
around itself), see Fig. 6. 
        From Table 10, it is concluded that the area 
of failure zone of the specimen A2 is greater than 
that of the specimen A1 by about 56% (i.e. the 
area of failure zone increase as the clear distance 
between the column and the opening is increased), 
while the area of failure zone of A4 is smaller than 
that of A2 by about 10% because the position of 
the column is out of the area of the failure zone. 

 
Comparison of Experimental Results with 
ACI-318 Code (2008) and BS 8110 (1997) 
   Many codes and researchers have presented 
different formulas for predicting punching shear 

strength of slabs based on their understanding of 
punching behavior, the ACI-318 Code (2008) is 
considered in this study and compared with its 
results. Punching strength is predicted by 
considering the effect of opening on the value of 
b o according to the item 11.12.5 of chapter eleven 
of ACI 318 Code; see Table 11 and Fig. 10. 

 
 

   From Fig. 10, it is evident that the punching 
shear strength vu increases as the clear distance 
between the column and the opening is increased 
because of the decreasing of the effect of this 
distance on the value of  b0 as it is increased. Also 
it is clear that the punching shear strengths for all 
slabs are safe (the experimental results are larger 
than the computed results) except the specimen 
A3 because the opening lies in the pattern of 
failure zone as mentioned before. 
    BS 8110-1 (1997)  is also considered in this 
study, punching strength is calculated by 
considering the effect of opening on the value of u 
(perimeter of failure zone ) according to the item 
3.7.7 of section three  of the BS, see Table 12. 
  From Table 12 it is clear that the punching shear 
strength vu increases as the clear distance between 
the column and the opening is increased for the 
same reason above.   
 
           fcu=30MPa 
            When the clear distance between the 
column and the opening is greater than 6d,    
             the opening has no effect on the value of u 
according to BS 8110-1. 
 
CONCLUSIONS 
 Depending on the test results of this study, the 
following conclusions are obtained:- 

• The first cracks form at about (15.5-20.4) 
% of the ultimate load for the slab 
specimens. 

• At ultimate load, punching shear failure 
occurs suddenly for all specimens  

• The ultimate load reaches the maximum 
value for slab without opening while this 
load     

             reaches the minimum value for slab with a 
non-strengthening  opening and lies in the  
           pattern of the failure zone (where the clear 
distance between the column and the opening    

           equals 4.5d ) .  
• The ultimate loads increase as the clear 

distance between the column and the 
opening is                 
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              increased except specimens with opening 
lies in the pattern of the failure zone (where  

              the clear    distance between the column and the 
opening equals 4.5d ) which have    
             smaller ultimate load. 

• Strengthening the slab opening with 
steel plates causes increasing in the 
ultimate load  by                                                 
(19.44    ,19.51 ,35.13 and 13.46 ) % for 
the specimens  (0.0d ,2d ,4.5d  and 7d ) 
respectively. 

• The punching shear strength vu 
according to both ACI 318 Code and BS 
8110-1 increases   

 as the clear distance between the column and the 
opening is increased. 
 

NOTATION 

bo : perimeter of failure zone; 

d: Effective depth of slab; 
f`c: Ultimate cylinder compressive strength; 
fcu: Ultimate cubic compressive strength 
fy : Yield tensile strength; 
fu: Ultimate tensile strength; 
X: Clear Distance between the column and the 
opening.  
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                                a) side view                                   b) front view 
 

Details of Slab Specimen Test and its Loading Arrangement 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Details of Slab Dimensions.   
 

                                                                   
Details of specimen cross-section 

                                                                                                   
Fig. 1: Details of Slab Specimen. 

 
 Notes: All dimensions are in mm. 
(*)X is a variable distance; its values are given in Table 1. 
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Table 1: Dimension Details of Tested Slabs 
 

Group Designation Column side 
length 

 
(mm) 

Opening side 
length 

 
(mm) 

Clear distance 
between 

Column and 
opening (X) 

A1 0.0 d* 

A2 2 d 
A3 4.5 d 

 
 

A 
A4 7 d 
B1 0 d 
B2 2 d 
B3 4.5 d 

 
 

B 
 
 B4 7 d 

Reference R 

 
 
 

 
75×75 

 
 
 

  
75×75 

Without 
opening 

 
(*) d (the effective depth) = 35 mm. 
 
 

 Table 2: Description of Construction Materials 
 
 
 

 

 

 
 

       

       

       

       

       

                                                                                                            
  

 
 
 
 
 

 
 

Material Descriptions 

Cement 
Ordinary Portland Cement (Type I), properties of this cement are 
shown in Tables 3a and 3b, which comply with the Iraqi Standard 
Specification No.5/1984 Requirements. 

Sand 
Natural sand from Al-Ukhaider region with maximum size of 
(4.75mm). The grading of the fine aggregate is shown in Table 4, 
which complies with the Iraqi Standard Specification No.45/1984. 

Gravel 
Crushed gravel with maximum size of (10mm) from Al-Nibaee area. 
The grading of the coarse aggregate is shown in Table 5, which 
complies with the  Iraqi Standard Specification No.45/1984.  
 

Reinforcing 

Bars 

Deformed welded wire fabric mesh (WWF) with (6mm) diameter and 
(75mm) c/c spacing each way are used as flexural reinforcement 
placed in tension faces. The average yield strength (fy) is (438MPa) 
and the average ultimate strength (fu) is (580MPa).  

Water Tap water. 
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Table 3a: 

 chemical properties of cement #. 

  #All chemical tests are made in the National Center for Construction Laboratories and Researches 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3b: 

 Physical Properties of Cement# 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
#All physical tests are made in the National Center for Construction Laboratories and Researches 
 
 
 
 
 
 
 
 

Oxides % IQS 5:1984 Limits 

Calcium Oxide                    Ca O 
Silicon Oxides                     SiO2 
Aluminum Oxides             Al2O3 
Ferric Oxides                     Fe2O3 
Magnesium Oxides            Mg O 
Sulfur Trioxides                  SO3 
Loss on Ignition                 L.O.I 
Insoluble Residue                I.R 
Lime Saturation Factor      L.S.F  

63.19 
20.06 
5.28 
4.10 
2.28 
1.98 
2.45 
0.47 
0.94 

 
 
 
 

5.00 max. 
2.80 max. 
4.00 max. 
1.50 max. 
0.66-1.02 

 
Bogue’s Potential Compound %  

Tricalicium Silica                 C3S 
Dicalicium Silica                  C2S 
Tricalicium Aluminates       C3A 
Tetra Calcium Aluminaferite              
C4AF 

57.11 
16.23 
3.29 
13.23 

 

 

Physical Properties Test Result IQS 5:1984 limits 
Fineness: Specific surface, 

Blaine(cm2/gm) 
3329 2300 min. 

Soundness, Autoclave % 0.19 0.8 max. 
Setting time ,Vicat’s method:- 

Initial (min) 
Final (min) 

 
175 
255 

 
45 min. 
10 max. 

Compressive strength of cement 
(MPa) 
3 day 
7days 

 

 
 

32.4 
40.5 

 

 
 

15 min. 
23 min. 
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Table 4: Grading of Fine aggregate (Sand)# 

 
 
 
 
 
 
 
 
 
 
 
  # All tests are made in the Laboratory of Materials in Al-Mustansiriya University, College of Engineering. 

 

Table 5 : Grading of Coarse aggregate (Gravel)# 
 
 
 
 
 
 
 
 
 

# All tests are made in the Laboratory of Materials in Al-Mustansiriya University, College of Engineering. 
 

Table 6: Mix Proportions by Weight 
 

         
  

 
 
 
 
 
 
 
        
 
 
 
 
 
 
 
 
 
          Fig. 2a: Details of mould of group A              Fig. 2b: Reinforcement of column                                   
 
 

%Passing No. Sieve 
(mm) Fine aggregate % IQS 45:1984Zone(2) 

1 5 100 90-100 
2 2.36 83.75 75-100 
3 1.18 63.84 55-90 
4 0.6 35.84 35-59 
5 0.3 5.84 8-30 
6 0.15 0.64 0-10 

%Passing No. Sieve 
(mm) Coarse aggregate % IQS 45:1984 size (5-14)mm 

1 14 100 90-100 
2 10 74.5 50-85 
3 5 3.5 0-10 
4 2.36 0 - 

Mix 
proportions 

W/C     
ratio  

Water     
(L/m3) 

Cement    
(kg/m3) 

Sand  
(kg/m3) 

Gravel 
(kg/m3) 

1:1.5:3 0.45 225 500 750 1500 
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Fig. 3: Details of mould of group B 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.4: Casting Procedure 

 
 
 
 
                                                                                           
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 5: Test Instrumentation. 
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Table 7:  Engineering Properties of Hardened Concrete 
 

Specimen Average 
compressive 
strength f`c 

(MPa) 
 

Average 
compressive 
strength fcu 

(MPa) 
 

Measured 
Static 

Modulus of 
Elasticity 

GPa 

Measured 
Splitting  
Tensile 

Strength(f `sp) 
(MPa) 

Measured 
Modulus of 
Rupture fr 

(MPa) 

A1 22.1 29.1 25.5 2.50 3.36 
A2 21.8 32.8 26.5 2.62 4.50 
A3 22.5 31.3 26.1 2.59 4.08 
A4 23.5 30.5 26.2 2.59 3.85 
B1 21.9 29.3 25.5 2.58 3.38 
B2 22.3 28.8 25.1 2.40 3.21 
B3 23.8 29.3 25.6 2.57 3.37 
B4 22.7 29 25.3 2.48 3.30 
R 23.78 31.5 26.2 2.60 4.15 

 
 

Table 8:  First Crack and Ultimate Loads of Slabs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Clear  distance 
between column 

and opening  Group Design
ation (X) 

mm X/d 

fcu 
(MPa) 

First crack 
load (Pcr) 

(kN) 

Ultimate 
Load (Pu) 

(kN) 

Pu
Pcr  

(%) 
 
 

A1 0 0 29.11 4.5 29 15.5 
A2 70 2 32.8 5.5 33 16.6 
A3 157.5 4.5 31.33 4 24 16.6 A 

A4 245 7 29.33 8 47 17 
B1 0 0 28.88 6.5 36 18.1 
B2 70 2 29.33 7.5 41 18.3 
B3 157.5 4.5 32.22 6 37 16.2 B 

B4 245 7 29.78 11 54 20.4 
Reference R without 

opening  31.5 10 56 18 
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Fig. 6: Crack Patterns at a Bottom face of Slabs at Failure Stage. 
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Table 9: Load and Deflection Characteristics at First Crack and at Ultimate Loads 

 
Group Specimen Deflection at first 

crack  (mm) 
Deflection at 

ultimate load (mm) 
A1 0.16 5 
A2 0.2 7.1 
A3 0.22 5 

 
A 

A4 0.38 7.8 
B1 0.98 6.55 
B2 0.5 7.3 
B3 0.75 7.05 

 
B 

B4 1.35 9 
Reference R 0.95 6.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                             Group A Group B 
 
 

Fig. 7: Load-Deflection Relationship for groups A and B 
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Fig. 8: Comparison of Load-Deflection Relationships between Group A and Group B 
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Fig.9: Ultimate Load – Clear Distance between column and opening relationship 
 

 
Table 10: Area and Perimeter of the Failure Zone 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Slab 
Measured area 

( mm 2 ) 
Measured perimeter 

(mm) 

A1 88702 1363 

A2 138283 1477 

A4 125637 1484 

R 170016 1835 
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Table11: Punching Shear strength of Slabs according to ACI 318 Code 

 
Specimen Pu(EXP) kN bo  

(mm) 
vu (kN) using 

ACI Code 

vu= dbf c o`
3
1 * 

A1 29 365 20.42 
A2 33 421 23.57 
A3 24 432 24.10 
A4 47 435 24.32 
B1 36 365 20.42 
B2 41 421 23.57 
B3 37 432 24.10 
B4 54 435 24.32 
R 56 440 24.62 

            (*) f`c=23 MPa 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

 
Fig. 10: Ultimate Load – Clear Distance between column and opening relationships 
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Table12: Punching Shear strength of Slabs according to BS 8110-1. 

 
Specimen Pu(EXP) kN u (mm) vu (kN) using 

BS 

vu=vck ud 
A1 29 540 29.90 
A2 33 657 36.38 
A3 24 685 38.00 
A4 47 720 39.87 
B1 36 540 29.9 
B2 41 657 36.38 
B3 37 685 37.00 
B4 54 720 39.87 
R 56 720 39.87 
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MEMBRANES SEPARATION PROCESS FOR OILY 
WASTEWATER TREATMENT 

 

Hasan Ferhood Makki, Ahmed Faiq Al-Alawy, Maha H. Al-Hassani and Zaid Waadulla Rashad 
Chemical Engineering Department – College of Engineering – University of Baghdad – Iraq. 

 

ABSTRACT 
Pilot-scale dead end microfiltration membranes were carried out to determine the feasibility of the 

process for treating the oily wastewater which discharge from some Iraqi factories such as power station of 
south of Baghdad and the general company of petrochemical industries. Polypropylene membranes 
(cylindrical shape) with different pore diameters (1 and 5 micron) were used to conduct the study on 
micromembrane process. The variables studied are oil concentration (100 – 1000 ppm), feed flow rate (20 – 
40 l/h), operating temperature (31 – 50°C) and time (0 – 3 h). It was found that the flux increases with 
increasing feed flow rate, temperature and pore size of membrane, and decreases with increasing oil 
concentration and operating time. It was found also that the effect of feed oil concentration has the greatest 
effect on the fouling of membrane among other variables. The percent rejection of oil improved significantly 
with decreasing oil concentration but decreased with increasing feed temperature, pore size of membrane and 
operating time. Feed flow rate has slightly effect on oil rejection. The type of oil used in this work is 20W-50 
gasoline and diesel engine oil. 

A general model of dead end filtration mode has been successfully evaluated to explain fundamental 
mechanisms involved in flux decline during dead end microfiltration of oily water emulsions. Analysis of the 
fall in flux with time for the polypropylene membrane (5 µm) indicates that intermediate and standard pore 
models give the best prediction for experimental behavior. Empirical correlations for the prediction of the 
flux and percent reject of oil were determined in this study. These equations have the correlation coefficient 
98.87% and 91.49% respectively. 

KEYWORDS: Membrane Separation; Microfiltration; Oil; Wastewater; Polypropylene Membranes. 
 

  لملوثة بالزيوتمياه االغشيةِ لمعالجة بالأ الفصلعملية 

  الخلاصة

 من بعـض    تطرح التي    نفذت لتحديد دراسة لعملية معالجة المياه الملوثة بالزيوت        منظومة ريادية المسدودة ب اغشية المايكرو فلتر ذو النهاية      

 5 و   1(اغشية البولي بروبلين باقطار مختلفة      . البتروكيمياويةالمصانع العراقية مثل محطة كهرباء جنوب بغداد والشركة العامة للصناعات           
 جزء  1000 – 100( المتغيرات التي تم دراستها هي تركيز الزيت         .لاجراء الدراسة على عملية غشاء المايكرو      تم استخدامها ) مايكرون

لقد وجد بأن معـدل     ).  ساعة 3 – 0(الزمن  و) o م 50 – 31(رارة التشغيل   درجة ح  ، )ساعة/ لتر 40 – 20(معدل الجريان   ، ) بالمليون

وكذلك . ويقل بزيادة تركيز الزيت وزمن التشغيل     ، درجة الحرارة وحجم المسام للغشاء       ، )المغذي (للقيمالجريان  التدفق يزداد بزيادة معدل     

بنقـصان   تتحسن بشكل ملحـوظ      نسبة الرفض للزيت  .  الغشاء من بين المتغيرات الاخرى     الزيت ذو تأثير اكبر على تلوث      بأن تركيز    وجد

 لـه   )المغذي (معدل جريان اللقيم  . حجم المسام للغشاء وزمن التشغيل     ، )المغذي (تركيز الزيت الداخل ولكن تقل بزيادة درجة حرارة اللقيم        

   . زيت محرك الديزل والكازولين 20W-50ان نوع الزيت المستخدم في هذا العمل هو. تأثير قليل على نسبة رفض الزيت
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 اليات اساسية تستخدم في هبوط الجريان خلال المايكرو فلتـر ذو النهايـة              يم بنجاح لتوضيح  نموذج عام من نمط ترشيح النهاية المسدودة قُ       

يوضح بأن نمـاذج المـسام      )  مايكرون 5(تحليل الهبوط في الجريان مع الزمن لغشاء البولي بروبلين           . لمستحلبات الماء الزيتية   المسدودة

 تم تحديدها في     التجريبية لحساب الجريان ونسبة الرفض للزيت      لارتباط ا  معادلات .تنبؤ للسلوك التجريبي   القياسية تعطي افضل  المتوسطة و 

  .على التوالي% 91.49و % 98.87هذه المعادلات لها معامل الارتباط . هذه الدراسة

INTRODUCTION 
Oily water emulsions are one of the main 

pollutants emitted into water by industry and 
domestic sewage (1). If oil and greases are not 
removed from wastewater before discharging, 
they can cause subsequent difficulties in surface 
waters. Oils can blind the pores of activated 
carbon, ion-exchange resins, membranes, reverse 
osmosis and ultrafiltration units in water and 
wastewater treatment plants and reduce the 
effectiveness and life of such plants (2). Other 
environmental problems caused by oil and grease 
are toxicity to soil and aquatic organism, damages 
to humans, taste and odor problems, and high 
chemical oxygen demand (COD). Typical oil 
concentrations from various industrial sources are 
(3): petroleum (10 – 7200 mg/l), Metals (100 – 
5000 mg/l), food processing (14 – 10550 mg/l), 
wool (3000 – 20000 mg/l), textiles (20 – 12260 
mg/l) and cooling and heating (7 – 1200 mg/l). 
Iraqi requirements for the oil in the discharge 
water are 10 mg/l (4). Various types of 
technologies exist for treatment of oily waters. 
These methods are gravity separators, dissolved 
air flotation, coalescers, biological treatment and 
activated carbon adsorption (5). Over the past 
several years, advances have been made in 
developing an industrial wastewater reclaim 
system for a separation process for oily industrial 
wastewater which is extremely effective and 
economical in recycling of aqueous parts washing 
solutions. This process is based on a membrane 
technology that has major technical and 
commercial advantages over other approaches that 
have been tried for this application (6). 

Membrane processes are those in which a 
membrane is used to permeate high-quality water 
while rejecting the passage of dissolved and 
suspended solids. In the water industry, the 
membrane processes have been used for 
demineralization and for removal of both 
dissolved and suspended particles. Tremendous 
improvements have been made in recent years, 
and the utilization of membrane technology has 
dramatically increased in potable water treatment. 
It is expected that membrane processes will be 
used more and more in the future as more 

stringent drinking water quality standards will 
likely become enforced. Therefore, Membrane 
processes such as microfiltration (MF), 
ultrafiltration (UF), nanofiltration (NF) and 
reverse osmosis (RO) are increasingly being 
applied for treating oily wastewater (7). 
Membranes have several advantages such as more 
widely applicable across a wide range of 
industries, the quality of the treated water (the 
permeate) is more uniform regardless of influent 
variations, no extraneous chemicals are needed, 
making subsequent oil recovery easier, 
membranes can be used in-process to allow 
recycling of selected waste streams within a plant, 
concentrates up to 40±70% oil and solids can be 
obtained by UF or MF, membrane equipment has 
a smaller foot print, energy costs are lower 
compared to thermal treatments and the plant can 
be highly automated and does not require highly 
skilled operators (8, 9).   

Microfiltration (MF) is the oldest 
membrane technology but it seems to be 
remaining in its childhood much longer than its 
relative's ultrafiltration and reverse osmosis (10). 
Microfiltration refers to filtration processes that 
use porous membranes to separate suspended 
particles with diameters between 0.1 and 10 µm. 
Thus, microfiltration membranes fall between 
ultrafiltration membranes and conventional filters. 
Currently there are three basic types of 
membranes being offered for microfiltration 
systems (11, 12): (a) Polymer types such as 
polysulfones and polypropylene are popular due 
to their low cost, (b) Ceramic membranes 
typically have a sintered metal membrane such as 
zirconium or titanium oxide over the support 
structure of an aluminum oxide tube and (c) 
Carbon/graphite fiber tubes use a sintered carbon 
membrane surface for microfiltration. 

Although MF membranes can 
successfully treat produced waters, they 
experience a decline in permeate throughput or 
flux as a result of fouling. This flux decline is due 
to the adsorption and accumulation of rejected oil, 
suspended solids, and other components of 
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produced water on the membrane surface 
(external fouling) or in the membrane pores 
(internal fouling). This fouling can be irreversible 
or resistant to cleaning, making the original flux 
unrecoverable. Fouling can be reduced through 
the use of different or surface modified membrane 
materials, various operating strategies and 
pretreatments, and hydrodynamic techniques (13). 
However, specific fouling mechanisms and 
reduction strategies during microfiltration of 
produced water are not well understood (14). In 
the present study, to achieve low content of oil in 
permeate and high permeate flux, effects of 
operating parameters (oil concentration, 
temperature, feed flow rate, pore diameters and 
time) in a microfiltration unit were studied. 
Simple models have also been employed to help 
analyze the polypropylene membrane-fouling 
process. The experimental results of the oily 
wastewater treatment in the membrane process 
can be formulated in a form of empirical 
correlations. 

MEMBRANE FOULING MODELS 

 Fouling is widely perceived to be the 
most significant issue affecting the design and 
operation of membrane filtration facilities (15). 
The permeation flux of particle-free water across 
a clean membrane can be described by Darcy’s 
law as: 

mR
PJ

µ
∆

=                                (1) 

Where J is the permeation flux, ∆P the 
transmembrane pressure, µ the absolute viscosity 
of the water and Rm the membrane resistance (16). 
For any constant pressure dead-end filtration, 
fouling of the membrane can be analyzed using 
different pore blocking models namely complete 
pore blocking model, standard pore blocking 
model, intermediate pore blocking model and 
cake filtration model (17).  

The complete blocking filtration assumed 
that each particle reaching the membrane 
participates in the blocking phenomenon by pore 
sealing, which leads to the assumption that 
particles are not superimposed one upon the other 
(18). In standard blocking model, the particle 
diameter is much less than the pore diameter, thus, 
the particles can enter most pores, deposit on the 
pore walls, and thus reduce the pore volume. The 
decrease of pore volume is also proportional to the 
permeate volume (1). Intermediate blocking 
occurs when the size of the solute particles are 

similar to the membrane pore size. In this model, 
it is assumed that amembrane pore is not 
necessarily blocked by the solute particles and 
some particles may settle over others. Therefore, 
the non-blocked membrane surface area 
diminishes with time and some particles are 
expected to obstruct the membrane pore entrance 
without blocking the pore completely (19). In the 
cake filtration model, it is assumed that the flux 
decline is due to the accumulation of a cake at the 
surface of the membrane and that cake thickness 
increases proportionally with the volume of 
permeate produced. 

For microfiltration at a constant 
transmembrane pressure, the permeation fluxes 
under each of theses case may be given as: 

a. Complete pore blocking model  

    )tkexp(JJ b0 −=                     (2) 

b. Standard pore blocking model  

 25.0
0s0 )t)AJ(K

2
11(JJ −+=         (3) 

c. Intermediate pore blocking model  

 1
0i0 )tAJK1(JJ −+=                    (4) 

d. Cake filtration model  

      5.02
0c0 )t)AJ(K21(JJ −+=      (5) 

Where J0 depends on the transmembrane pressure, 
membrane resistance and viscosity of the filtrate 
and is expressed as J0 = ∆P/ µRm. The various K 
terms represent mass transfer coefficients for the 
associated filtration laws. In the case of constant 
pressure filtration, the term (AJ0) is constant and 
the filtration laws can be simplified to: 

a. Complete pore blocking model 

     tk)Jln()Jln( b0 −=                (6) 

b. Standard pore blocking model 

     tk)J/1()J/1( s
5.0

0
5.0 +=            (7) 

c. Intermediate pore blocking model 

  tk)J/1()J/1( i0 +=                     (8) 

d. Cake filtration model 

       tk)J/1()J/1( c
2
0

2 +=                    (9) 

Where ks = (1/2) KsA0.5, ki = KiA, kc = 2KcA2. 
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Consequently plotting the left-hand side flux 
functions for each model against time are the tests 
to determine the more appropriate model and the 
means to obtain the mass transport parameters 
from the slope. Therefore, a plot of ln(J) vs. t, 
(1/J0.5) vs. t, (1/J) vs. t and (1/J2) vs. t shall be a 
straight line with slope of kb, ks, ki and kc, with y-
intercept of ln(J0), )J/1( 5.0

0 , (1/J0) and )J/1( 2
0 for 

complete pore blocking, standard pore blocking, 
intermediate pore blocking and cake filtration 
model, respectively. The appropriate fitness and 
competence of various fouling models can be 
confirmed by comparing the values of coefficient 
of correlation (R2) obtained from the linear 
regression analysis (20). 

MEMBRANE OIL REJECTION 
The rejection percentage (R %) is a 

combination factor between the oil concentration 
in feed (CF) and oil concentration in the product 
(CP). It is calculated according to the following 
formula. 

100*
C
C1%R

F

P
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=                         (10)  

The decrease of oil concentration in permeate will 
increase the rejection percentage and vice versa 
(21). 

 

EXPERIMENTAL 

Materials 
The Pentek PS5-10C Smooth Core Filter 

Cartridge is a spun polypropylene filter cartridge 
used to reduce dirt, sandy, rust and sediment from 
water. Also known as part number 255694-43. 
Ideal applications include water, organic acids, 
oils, concentrated alkalis, organic solvents and 
electroplating solutions. The Ametek, Pentek, 
USA Filter PS510C Specifications:  

• Manufactured from pure 100% 
polypropylene. 

• Designed for purity and chemical 
compatibility. 

• Spun fibers from a true gradient density 
from outer to inner surfaces. 

• Micron Rating: 5 and 1.  

• Temperature Range: 4.4 oC to 62.8 oC 

• Dimensions: L = 25 cm & d = 6.5 cm 

• Effective area: 0.051 m2 

This filter should be changed every 3 – 6 months 
based on water quality and usage.  

 

Equipments 
Oil – water emulsions were prepared by 

vigorous mixing of oil and water in the QVF glass 
vessel (30 l), using a stirrer (JANKE & KUNKEL 
GmbHu. CokG, England, 1 KA – WERK, RW 14 
H, Staufen) at an agitation speed of 0 - 2000 rpm. 
Classic oil 20W-50 (gasoline and diesel engine 
oil), was used for the preparation of the oil-water 
emulsions. Demineralized water, of 15 – 25 
µS/cm conductivity, was used for preparing 
emulsion with oil concentration of 100, 500 and 
1000 ppm. Pressure gauge is used in the feed line 
to indicate the feed pressure (range of 0 – 6 bar). 
The physical and chemical properties of the oil are 
given in Table 1. 

Experimental Procedure 

The experimental setup is shown 
schematically in Figure 1. The feed was pumped 
by means of a centrifugal pump (11.4 – 54.6 
l/min, 3 – 13.7 m. H, 210 Watt, STUART 
TURNER LTD. HENLEY ON THAMES ENG, 
England) to pass through membranes (5 µm and 1 
µm) to remove oil from oil – water emulsions. 
The feed temperature was varied between 31 and 
50 °C by means of a submersible electrical coil 
(220 Volt, 1000 Watt) and thermostat of range 
from 0 to 80 °C. The water flow rate was 
regulated by means of globe valve connected at 
the discharge of the pump (the main feed line), 
and measure with a calibrated rotameter with 
range flow (10 – 100 l/hr). Furthermore, a by-pass 
line with valve was located at the outlet of the 
pump to direct any excess flow of water back to 
the feed vessel (Q.V.F. cylindrical vessel of 30 
liter capacity).  

Permeate (filtered water) was collected 
every 15 minutes and volume of the permeate 
during the interval was measured and recorded. 
Concentration of oil in permeate was measured by 
UV-ultraviolet/visible spectrophotometer 
(Shimadzu model UV-160 A). Figure 2 show the 
calibration curve for the oil in water. The filtration 
flux was calculated by dividing the permeate 
volume by the product of effective membrane area 
and time. After recording the results, the solution 
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(remaining in feed vessel), was drained by means 
of a drain valve. The whole system was washed 
by warm water for 20 min, and then drained away. 
Also, detergent solution was allowed to circulate 
through the equipment for further 20 min, and 
then drained. Finally the equipment was flushed 
away with distilled water. 

 

RESULTS AND DISCUSSION 

Effect of Oil Concentration 
Figures 3 to 4 show the effect of oil 

concentration on membrane flux and oil rejection 
for polypropylene membrane (5 µm). All 
experiments have been carried out at a 
temperature of 31°C and transmembrane pressure 
of 0.8 bar. It can be seen that the permeation 
fluxes is a decreasing function of filtration times. 
The flux and oil rejection decreases with 
increasing concentration of oil. The results show 
that permeation fluxes of oil feed concentrations 
100, 500 and 1000 ppm decrease steeper at early 
filtration times (0.25 – 2 h) and by increasing the 
time from 2 to 3 hour, the flux slowly change and 
remained approximately constant.  

However, when the concentration 
increases to 1000 ppm, the flux decreases because 
a layer of oil forms on the membrane surface. At 
lower concentrations, an oil layer formed on the 
membrane surface can be removed by 
hydrodynamic action of flow. But at higher 
concentrations, the hydrodynamic action cannot 
remove the oil layer. By increasing the operation 
time, this layer becomes thicker and the flux 
decreases as well as increasing of oil 
concentration in permeate i.e. decreasing the 
rejection of oil. 

 

Effect of Feed Flow Rate 
The effect of flow rate on flux through 

membrane and oil rejection is shown in 
Figures 5 and 6 for polypropylene membrane 
(5 µm). The flux increased (363.3 to 726.6 
l/m2.h) with an increase in feed flow rate (20 
to 40 l/h) at time equal to 0.25 hour due to a 
concomitant increase in the Reynolds number 
and the transition to turbulent flow (i.e. 
increasing the feed flow rate prevents the 
concentration buildup in the solution at the 
vicinity of the membrane surface, and 
resulting in decreasing the concentration of 

oil in product and increasing flux). Increasing 
of flow rate will slightly decrease the 
concentration of oil in permeate (50 t0 34 
mg/l) at t = 0.25 h, and cause increase in oil 
rejection (90 to 93.2%) at t = 0.25 h.  

 

 

EFFECT OF TEMPERATURE 
As the operating temperature of feed 

increase, the flux will increase. This is shown in 
Figure 7. The viscosity of feed dramatically 
decreases with increasing temperature from 31°C 
to 50°C, and as a result, its permeation through 
the membrane becomes easier. This enhances 
permeate flux. Increasing temperature also 
increases oil content in permeate. Therefore, the 
rejection percentage of oil decreased with increase 
in operating temperature. This is shown in Figure 
8. It must be mentioned that by increasing 
temperature, the flux increased, but higher 
temperatures increase the operational cost of the 
unit. Thus, temperatures higher than 40°C are not 
recommended. 

 

EFFECT OF PORE SIZE OF 
MEMBRANE 

Figure 9 presents the variation of 
permeate flux with time for polypropylene 
membranes with pore sizes of 5 µm and 1 µm. For 
two membranes, the order of water flux and 
ejection of oil are:   

Flux (for 5 µm) > Flux (for1 µm) and Rejection 
Oil (for 5 µm) < Rejection Oil (for 1 µm) 

Membrane pore size of 5 µm has a high 
water flux because it has high pore size which 
easier the flow through membrane. Figure 10 
illustrates the effect of pore size on rejection 
percentage for oil. The fact that the permeate 
concentration does not generally increase with 
membrane pore size provides further support for 
the filtration being controlled by the fouling layer 
rather than the membrane. Generally, both 
membranes showed a similar trend in the 
relationship of permeate flux and rejection of oil.  

 

THE FILTRATION MODELS 
Figures 11 – 15 show model prediction 

and experimental data for different cases of 
Hermia’s model. In most cases the models exhibit 
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a reasonable agreement with experimental data 
giving linear correlations. The model correlations 
for each case are given in figures. The estimation 
of the flux at t = 0 (J0), from the intercept, gives 
the following values, 375.7, 381.05, 387.9 and 
409.57 l/m2.h for the complete pore blocking, 
standard pore blocking, intermediate pore 
blocking and cake filtration models, respectively. 
These values are different from the initial 
experimental flux, measure at 391 l/m2.h. The best 
agreement with experimental data is given by the 
intermediate pore blocking model and came in 
second level, the standard model for 
polypropylene membrane (5 µm). 

 

CORRELATION ANALYSIS 
The experimental data obtained from the 

membrane separation process experiments were 
correlated as a relationship between the flux (J) 
with different operating conditions namely; the 
feed oil concentration (CF), feed flow rate (QF), 
operating temperature (T) and time (t), for 
polypropylene membrane (5 µm). The resulting 
correlation is: 

188.0195.0018.1
F

0519.0
F tTQC229.21J −−=       (10) 

The correlation coefficient for the above equation 

is 98.87%. 

Also the empirical correlation of the 
rejection percentage of oil R% as function of CF, 
QF,  T and t lead to the following equations: 

155.00164.00819.0
F

094.0
F tTQC323.213%R −−−=      (11) 

The correlation coefficient for the R% equation is 
91.49%. The curve fitting procedure was done by 
STATISTICA software to find the constants and 
powers in Equations 10 and 11. Figures 16 and 17 
show the observed values versus predicted values 
of flux and oil rejection obtained from Equations 
10 and 11 respectively. 

 

CONCLUSION 
• The polypropylene membrane is 

inexpensive and available 
commercially. Through three hours 
from operating it showed efficiencies 
higher than 50%; therefore, this 
membrane can be recommended for oily 
wastewater treatment. 

• The time of the experiment was run for 
three hours in order to keep the membrane 
and the possibility of cleaning. Then used 
again in other experiments. 

• The flux of the membrane increases with 
increasing operating temperature, feed 
flow rate and pore size of membrane. 
While, the flux decreases with increasing 
feed oil concentration and operating time. 

• The rejection of oil increases with 
increasing flow rate and pore size of 
membrane. While, the rejection decreases 
with increasing feed oil concentration and 
feed temperature. 

• The flux and oil rejection decreases with 
increasing operating time because the 
fouling deposited on the surface of the 
membrane. 

• High flow rates are suitable in order to 
remove the oil layer from the membrane 
surface. Also, temperatures higher than 
40°C are not recommended because 
higher temperatures increased operational 
costs.  

• The 5 µm polypropylene membrane is 
more permeable and exhibits a higher flux 
than does the 1 µm polypropylene 
membrane. The polypropylene membrane 
(1 µm) has high oil rejection. 

• Experimental results in this work were in 
excellent agreement with intermediate 
pore blockage and standard models. 

• The flux (J) and rejection percentage of 
oil R% from membrane unit are correlated 
to include the effect of different variables. 
These equations have the correlation 
coefficient 98.87% and 91.49% 
respectively. 
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NOMENCLATURE 
Symbol Definition Units 
   
∆P Transmembrane Pressure bar 
A surface area of the membrane m2 
Cf Feed Concentration ppm 
CP Product Concentration ppm 
J Permeation Flux l/m2.h 
J0 Initial filtrate Flux through the Membrane l/m2.h 
kb constant in complete blocking model h-1 

kc constant in cake filtration model h-1 

ki constant in intermediate pore blocking model h-1 

ks constant in standard pore blocking model h-1 

QF Feed Flow Rate  l/h 
R rejection  
Rm Membrane Resistance m-1 
t Time h 
T Temperature °C 

Greek Symbols 

Symbol 

Definition Units 

µ  Absolute Viscosity of the Water Pa s 

 
 

Table 1 The Physical and Chemical Properties of Oil 

Viscosity grade 20W-50 
Colour  Amber 
Physical State  Liquid at ambient temperature 
Odour  Characteristic mineral oil 
Vapour Pressure  Expected to be less than 0.5 Pa at 20 °C 
Initial Boiling Point  Expected to be above 280 °C 
Solubility in Water  Negligible 
Density  888 kg/m3 at 15 ºC. 
Flash Point  215 ºC 
Flammable Limits - Upper  1% (V/V) 
Flammable Limits - Lower  10% (V/V) 
Auto-Ignition Temperature  Expected to be above 320ºC 
Kinematic Viscosity  157 mm2/s at 40 ºC 
Pour Point  -27 ºC 

 
 
 
 
 
 
 
 
 
 
 



Hasan Ferhood Makki                                                                                                Membranes Separation Process For 
 Ahmed Faiq Al-Alawy                                                                                             Oily Wastewater Treatment  
Maha H. Al-Hassani  
Zaid Waadulla Rashad

 

 244

 
 
 
 
 
 
 
 

 

 

Fig. 1 Schematic Diagram of Microfiltration Process 
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                                      Fig. 2 Oil Concentrations vs. Absorbance (Calibration Curve) 
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Fig. 3 Flux vs. Time at Different Oil Concentrations (QF = 20 l/h and T = 31°C) 
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Fig. 4 Oil Rejection vs. Time at Different Oil Concentrations (QF = 20 l/h and T = 31°C) 
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Fig. 5 Flux vs. Time at Different Feed Flow Rate (CF = 500 ppm and T = 31°C) 
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Fig. 6 Oil Rejection vs. Time at Different Feed Flow Rate (CF = 500 ppm and T = 31°C) 
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Fig. 7 Flux vs. Time at Different Feed Temperature (CF = 500 ppm and QF = 20 l/h) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 Oil Rejection vs. Time at Different Feed Temperature (CF = 500 ppm and QF = 20 l/h) 
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Fig. 9 Flux vs. Time at Different Pore Size (CF = 500 ppm, T = 31°C and QF = 20 l/h) 
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Fig. 10 Oil Rejection vs. Time at Different Pore Size (CF = 500 ppm, T = 31°C and QF = 20 l/h) 
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Fig. 11 Complete Pore Blocking Model (CF = 500 ppm, T = 31°C and QF = 20 l/h) 
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Fig. 12 Standard Pore Blocking Model (CF = 500 ppm, T = 31°C and QF = 20 l/h) 
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Fig. 13 Intermediate Pore Blocking Model (CF = 500 ppm, T = 31°C and QF = 20 l/h) 
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Fig. 14 Cake Filtration Model (CF = 500 ppm, T = 31°C and QF = 20 l/h) 
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Fig. 15 Comparison of Filtration Model Prediction with Experimental Data for Polypropylene 

Membrane (5 µm) 
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Fig. 16 Observed Versus Predicted Values of Flux 
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Fig. 17 Observed Versus Predicted Values of Oil Rejection 
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ABSTRACT 
This research was conducted using ceramic microfiltration membrane for treatment of oily 

wastewater in the pilot-scale dead-end filtration system designed in the laboratory under the influence of 
conditions of feed flow rate 15-35 l/h, feed temperature 32-48°C, oil feed concentration 300-1200 ppm, feed 
solution pH 2.6-9.8. The influence of these conditions on the permeate flux rate and oil rejection percent 
were investigated. Experimental results indicated that when feed flow rate increased to 35 l/h permeate flux 
rates increased to 100 l/m2.h and oil rejection percent decreased to 70.1%, and when feed temperature 
increased to 48 ºC permeate flux rate increased to 62 l/m2.h and oil rejection percent decreased to 56.44%. 
But when oil feed concentration increased to 1200 ppm permeate flux rate decreased to 17.2 l/m2.h and oil 
rejection percent increased to 99.7%. Also basic feed solution (pH=9.8) gave    high permeate flux rate 
(44.51 l/m2.h) and low oil rejection percent (84%) in comparison with acidic feed solution (pH=2.6) which 
gave low permeate flux rate (26.42 l/m2.h) and high oil rejection percent (99.46%). Four classical models 
were investigated to flux decline and the results showed that the experimental data was consistent (R2 = 
0.9883) with the complete blocking filtration model. 

                                                                                       
  الخلاصة

م  يت ذا البحثف تخدام غشاء أ  ه يراميكس ايكرو فلت س ة بالزيت ةلمعالج رم اه الملوث ة ترشيح  المي ي منظوم ة ةمختبريف  ذات النهاي
شغيلية     تحت تأثير    المصممة في المختبر     المسدودة ة       من   ظروف ت ان التغذي دل جري ر  35-15مع ز   48º-32ساعة و درجة حرارة        / لت  م و ترآي

دفق الراشح   على متهذه المتغيراتأثير تم هنا دراسة     .9.8-2.6 جزء بالمليون ودرجة حامضية      1200-300 زيت ابتدائي  سبة طرح    عدل ت  ون
ى         ه عند زيادة  أن أثبتتالنتائج المختبرية   . الزيت ة ال ان التغذي ر  35 معدل جري زداد  ساعة / لت دفق الراشح         ي دل ت ى   مع ر  100ال ر / لت  وساعة   .2مت

ى     رفع م ت 48º  وأن زيادة درجة الحرارة الى    %  70.1ت الى   تنخفض نسبة طرح الزي    دفق الراشح ال دل ت ر 62 مع ر / لت ل   .2مت سبة  ساعة و تقل ن
دائي للزيت في التغذي     %. 56.44طرح الزيت الى     ز الابت ى  ةلكن زيادة الترآي ى        1200 ال دفق الراشح  ال دل ت ل مع المليون تقل % 17.2جزء ب

ع  ى   وترف ت ال رح الزي سبة ط دما أ%. 99.7ن ضا عن ديا  ي ة قاع ول التغذي ون محل ى    ) pH =9.8  ( يك ح أعل دفق الراش دل ت ي مع ه يعط  فأن
 الذي يعطي معدل تدفق الراشح )pH =2.6 (بالمقارنة مع محلول التغذية الحامضي %) 84 ( و نسبة طرح الزيت أقل)ساعة.2متر/لتر44.51(

ائج ان    تم دراسة اربعة موديلات لتنبؤ بسلوك ت        %).99.46(و نسبة طرح الزيت أعلى      ) ساعة.2متر/لتر26.42(أقل   دفق الراشح واظهرت النت
         .التامانسداد المرشح  موديل مع) R2 =0.9883(  متطابقة النتائج العملية
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INTRODUCTION  
  

Nowadays, considerable attention has 
been focused on the discharge of oily wastewater 
and it’s influence on the environment. Pollution of 
water by oily hydrocarbon is especially harmful to 
the aquatic life, as it attenuates the light and 
perturbs the normal oxygen transfer mechanism 
(Srijaroonrat et al. 1999). In the recent years, the 
application of vegetable oils in industries has a 
great attention because vegetable oils are 
renewable, non –toxic and environmentally 
friendly resource. Vegetable oils are considered to 
be potential candidates to substitute conventional 
mineral oil-based lubricating oils and synthetic 
esters as a result of the stringent requirement of 
resource conservation and environmental 
protection (Hua et al. 2007). The main source of 
vegetable oil effluent are : degumming, 
deacidification, deodorization steps, the blow 
down of the boiler and wash water from de-oiling 
of the bleaching earth also contribute to the 
effluent in small amounts (Sridhar et al. 2002).    
  Typical composition ranges of "Produced 
water" generated in the oily wastewater oil, and 
gas industrial processes include 50-1000 ppm of 
total oil and grease and 50-350 ppm of total 
suspended solids (TSS). Stricter environmental 
legislations enforce the maximum total oil and 
grease concentration in discharge waters to be 10-
15 ppm. Major pollution in wastewater (also 
Known as produced water) generating from oil 
field is oil which may range between 100 and 
1000 ppm or more depending on emulsification 
efficiency and crude oil nature (Abbasi et al. 2010 
and Abbasi et al. 2010). The small quantity of 
remaining oil in water must be reduced to an 
acceptable limit before the water can be 
discharged into the sea or rivers or reinjected for 
water flooding. Purification of this water is urgent   
issue so that it can be reused to save water 
resources and to protect the environment (Li et al. 
2006 and Abbasi et al. 2010).                                                                                                     
  In wastewater treatment plants, there exist 
several techniques for separation. Typical ones 
include gravity separation and skimming, dissolve 
air flotation, demulsification, coagulation and 
flocculation, which have several disadvantages 
such as  low efficiency , high operation costs, 
corrosion and recontamination problems 
(Mohammadi et al. 2003 and Li et al. 2006).The 
emulsified oily wastewater from the processing of 
petroleum products (particularly in oil 

exploitation) was difficult to treat by using these 
above common methods because in addition to 
above reasons, those operations could create a 
series of problems in the application. These 
problems not enclosed by upsetting equipment’s 
surface and potentially choke reservoir, but also 
create huge waste with the rejected wastewater 
containing significant amount of crude oil and 
lead to serious environmental pollution (Wang et 
al. 2009).                                            

One of the treatment techniques used for 
oil separation from emulsified oily wastewater is 
membrane filtration (Salahi et al. 
2010).Membrane separation has enjoyed great 
candidate since 1973 and is becoming attractive 
technology due to low energy consumption, no 
chemical additives are needed to break the 
emulsion, high COD removal efficiencies, and 
treatment facilities are quite compact and fully 
automated (Hua st al. 2007 and Wu et al. 
2008).One troublesome problem encountered in 
many membrane plants is fouling which can cause 
a decrease in flux due to pore blocking, solute 
aggregation (which lead to the formation of cake, 
or gel layer, on the surface of the membrane) or 
adsorption (Brinck et al. 2000). Obtaining 
membranes that are capable of lowering the 
solutes tendency to deposit on the membrane 
surface will minimize fouling (Masuelli et al. 
2009). Also, the development of effective 
membrane cleaning method is desirable for 
diminishing this phenomenon such as 
backwashing by liquid or gas (Peng and Tremblay 
2008).                                                                                            

Ceramic membranes have been Known 
for years and used in many different applications 
depending on their numerous advantages: stability 
at high temperatures and pressure resistance, good 
chemical stability, high mechanical resistance, 
long life and antifouling properties (Abbasi et al. 
2010). Ceramic microfiltration membranes can be 
made from alumina, mullite, cordierite, silica, 
spinel, zirconia and other refractory oxides. These 
membranes are very cheap because they can be 
prepared by extruding and calcining kaolin clay 
(Abbasi et al. 2010 and Abbasi et al. 2010). 

Many studies focused on empirical 
models based on non-linear correlations for the 
description of permeate flux decline with time. 
Such these correlations that the empirical models 
were presented by Hermia 1982, which used to 
identify the fouling mechanism occurred during 
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microfiltration process (Grenier et al. 2008, Nandi 
et al. 2010 and Salahi et al 2010).                                                              

The objective of this paper is to 
investigate oily water treatment using ceramic 
membrane and the influence of  feed flow rate, 
feed temperature, oil feed concentration and feed 
solution pH on the permeate flux and oil rejection 
percent. Determination the most appropriate 
applicable model to the experimental data for 
ceramic membrane microfiltration of oily water 
emulsion was investigated using the empirical 
models presented by Hermia 1982. 

 
THEORY 

The importance of applying filtration 
models for flux decline to predict the variation in 
flux rate with time during filtration process has 
led to various fouling mechanisms to be proposed 
to better characterize the flux performance (Hu 
and Scott 2008 and Nandi 2010). 

There are four classical filtration models 
were proposed by Hermia 1982 are often used to 
describe fouling in relations correlate the 
permeate flux rate with the operating time (Ohya 
et al. 1998, Grenier et al. 2008 and Nandi 2010). 
These models are: 
- Complete blocking filtration assumes a seal of 
pores entrances and prevention of any flow 
through them because the large size of particles 
such that the particles are not superimposed one 
upon the other. 
 
ln (F) = ln (F0) - Kcomp.t           (1) 
  
- Intermediate blocking filtration assumes a seal 
of pore entrances by a fraction of particles and 
some particles may settle over other. 
 
1/F = 1/F0 + Kinter.t                    (2) 
 
- Standard blocking filtration (or sometimes called 
Gradual pore blocking) assumes an accumulation 
inside the pore walls of the membrane causing 
proportional decreasing in pore volume with 
filtrate volume. 
 
1/F0.5 =1/F0

0.5 + Kstandr.t               (3) 
 
- Cake filtration assumes an accumulation of 
particles on the membrane surface forming cake 
layer, it thickness increases with time that adds a 
hydraulic resistance to filtration. 
 
1/F2 = 1/F0

2 + Kcaket                  (4) 
 

 Plotting the left hand side flux function of 
each model verse time must be a straight line, and 
then plotting flux from experimental data and that 
is determined by these four models versus time. 
Often the model which best fits the experimental 
data is claimed to capture the fouling mechanism. 
 
EXPERIMENTAL STUDY 

 
Materials  

The commercial tubular ceramic 
microfiltration membrane (0.8-0.3 µ) used in this 
research was made of kaolin (inside diameter: 1.5 
cm, outside diameter: 4.6 cm. and length: 22 cm.). 
Ceramic membrane was put in the filter cartridge 
(100 % poly propylene). Oil-in-water emulsion 
(oily wastewater feed solution) was prepared by 
mixing edible vegetable oil (bizce oil made in 
Turkey, density: 910 kg/m3 and viscosity: 
4.37×10-2 kg/m.sec.) and tap water using 
homogenizer. 1M of NaOH solution (99.97% 
purity was purchased from BDH Chemicals Ltd) 
and H2SO4 (95.97% purity was purchased from 
Fluka) were used to adjust pH of feed solution.                           

 
Experimental Setup 

Fig.1 shows the pilot-plant used in all the 
experiments. The pilot was operated in a dead-end 
cell. This system was consisted of a glass feed 
tank with a capacity of 30 l. supplied with 
automatic heater to heat the feed and keep it at a 
constant temperature and stirrer to keep the feed 
homogeneous. The feed was pumped through the 
system by means of centrifugal pump. Permeate 
from the system was collected in a 500 ml 
cylinder to determine permeate flux.  

A sample of feed solution was withdrawn 
immediately before filtration started while sample 
of permeate was withdrawn periodically every 15 
min. to be analyzed. The analysis of samples was 
attempted using ultraviolet visible light spectra 
photometer (Shimadzu model UV-160A) at wave 
length 303 nm. Periodically and after each run the 
membrane was regenerated physically and due to 
its rigidity and without any problem it was 
cleaned with hot water (60°C). The effectiveness 
of the filtration process was denoted in terms of 
oil rejection percent and permeate flux rate. Oil 
rejection percent is determined as:  
                             
R % = (1- Cp / Cf) ×100                       (5)  

 
While permeate flux rate is determined as: 

 
F = V / A.t                                           (6) 
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RESULTS AND DISCUSSIONS 
 

ate EffectRFeed Flow   
The effect of flow rates (15, 25 and 35 

l/h). on the treatment process performance were 
investigated with the operation conditions of feed 
temperature 32°C,oil feed concentration 300 ppm, 
and feed solution pH 6.86. Fig.2 and Fig.3 show 
the effect of feed flow rate on the permeate flux 
rate and the oil rejection percent. As shown 
increasing flow rate leads to increase permeate 
flux rate but decrease rejection percent. 

This behavior may be attributed to the 
fact that at dead end filtration the cake/gel layer 
can be formed easily due to absence applied shear. 
Therefore increasing flow rate leads to removing 
the oil layer from the membrane surface. Due to 
extent of mixing over the membrane surface, this 
can reduce accumulate of oil drops which 
essentially acts as a dynamic membrane, as a 
result the oil drops on the membrane surface 
diffuse back to the bulk solution. The results 
obtained here are in good agreement with 
Mohammadi et al. (2003) and Wu et al. (2008).  

  
Feed Temperature Effect  

Fig. 4 and Fig.5 present the effect of 
temperature on the treatment efficiency at 
conditions of feed flow rate 15 l/h, oil feed 
concentration 300 ppm, and feed solution pH 
6.86. While temperatures 32, 40 and 48°C was 
chosen for this study.                                    

It can be observed that increasing feed 
temperature causes increasing in permeate flux 
and decreasing oil rejection percent. This can 
explain as at high temperatures oil/water emulsion 
viscosity decreases and lower viscosity eases fluid 
permeate through the membrane surface. These 
results agree with Wang etal. (2009) and Abbasi 
et al. (2010).  

                                                                       
tion EffectOil Feed Concentra 

Oil feed concentrations of 300, 600 and 
1200 ppm were investigated with the operation 
conditions of feed flow rate 15 l/h, feed 
temperature 32°C, and feed solution pH 6.86. The 

influence of oil feed concentrations are shown in 
Fig.6 and Fig.7.                         

According to the results the lower oil 
concentration the higher permeation flux of the 
membrane, but the oil rejection decreasing with 
the decreasing of oil concentration in the feed. 
These results are attributed to the formation of oil 
layer on the membrane surface with thickness 
increases with increasing oil feed concentration 
specially at dead end filtration process because 
there is no hydrodynamic action causes removing 
this layer. These results agree with Wu et al. 
(2008) and Abassi et al. (2010).                                  

 
Feed Solution pH Effect  
  The effect of feed solution pH was 
illustrated in Fig.8 and Fig.9, at conditions of feed 
flow rate 15 l/h, feed temperature 32°C, and oil 
feed concentration 300 ppm at different feed pH 
of 6.86, 9.8 and 2.6. As can seen from the figure 
the permeate flux was increase at steady rate at 
the basic medium while decreased sharply at the 
acidic medium, but the reverse behavior can be 
seen for oil rejection.                                                                    
  This behavior was explained by former 
researcher as that the permeate flux under 
different pH was effected by the properties of the 
solute (droplet) in addition to the characteristics of 
the membrane. The stability of the oil in water 
emulsion was more stable at pH 4-6 than at pH of 
6-10. Therefore the emulsion didn’t coagulate 
under stable condition and so the lower level of 
flux was observed at low pH. While the cake layer 
become more open at high pH due to the inter-
droplet repulsion, and this increased the 
permeability, resulting in higher permeate flux. 
It's noticeable to mention the thickness of cake 
layer reduced due to the particle deposition 
prevented by the inter-droplet repulsion. While, 
corresponding to the membrane surface 
properties, it was found that at lower feed solution 
pH the membrane becomes hydrophilic and at 
higher feed solution pH the membrane becomes 
hydrophobic. Hydrophobic membrane tends to 
absorb foulant (oil), while leads to oil attachment 
on the membrane surface and therefore high oil 
passage. This result is agree with A-Jeshi and 
Nevill (2008).                                    

  
Model Analysis 

Models are investigated for the run with 
conditions of feed flow rate 15 l/h, feed 
temperature 32°C, oil feed concentration 300 ppm 
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and feed solution pH 6.86, and the Fig.'s 10-14 
show model prediction and experimental data for 
Hermia’s model in different cases. The complete 
blocking filtration model explained the 
experimental data very well, as previously 
mentioned, the complete pore blocking happens 
when pore entrance blockage, which cause 
reduction the area to flow and leads to prevention 
of any flow through it. . 

  
 
CONCLUSIONS  

 
The experimental results of this work 

showed that using of ceramic microfiltration 
membrane process was effective for treatment oily 
water. It was obtained that F increases with 
increasing feed flow rate, feed temperature and 
feed solution pH, but decreases by increasing oil 
feed concentration. The results also proved that 
increasing oil feed concentration, acidity of the 
feed solution causes increasing R %, but it 
decreases when feed flow rate and feed 
temperature increase. Comparing experimental 
data with Hermia’s model showed the best 
consistency corresponds to the complete blocking 
filtration model. 
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NOMENCLATURES 

 
A          Effective Membrane Area (m2) 
Cf         Oil Concentration in The Feed (ppm) 
Cp        Oil Concentration in The Permeate (ppm) 
F          Permeate Flux Ratio (l/m2.h) 
F0         Initial Permeate Flux Ratio (l/m2.h) 
Kcake       Y-intercept of cake filtration model 
((m2/l)2) 
Kcomp.     Y-intercept of complete blocking filtration 
model (unit less) 
Kinter.      Y-intercept of intermediate blocking 
filtration model (m2/l) 
Kstandr.    Y-intercept of standard blocking filtration 
model ((m2/l)0.5) 
R          Oil Rejection  
t           The Run Time (h) 
V          Permeate Volume (l)  

 
   

  
  

  
  
                                                                  

    
  
  
  
 
 
 
 

 
  
  
  

  
  

                                                                                                                             

Feed 
tank 

Mixer 

Heater 

To drain 

Pump 

Rotameter  

Filtration cell Permeate cylinder 

Fig.1 Experimental Set-Up 
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Fig.2 Time vs permeate flux rate at different feed flow rate 

 Feed temperature 32°C, oil feed concentration 300 ppm, and feed solution pH 6.86  
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Fig.3 Time vs oil rejection percent at different feed flow rate 

 Feed temperature 32°C, oil feed concentration 300 ppm, and feed solution pH 6.86 
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Fig.4 Time vs permeate flux rate at different feed temperature  
  

 Feed flow rate 15 l/h, oil feed concentration 300 ppm, and feed solution pH 6.86 
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Fig.5 Time vs oil rejection percent at different feed temperature 
 Feed flow rate 15 l/h, oil feed concentration 300 ppm, and feed solution pH 6.86  
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Fig.6 Time vs permeate flux rate at different oil feed concentration 

 Feed flow rate 15 l/h, feed temperature 32°C, and feed solution pH 6.86  
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Fig.7 Time vs oil rejection percent at different oil feed concentration  

 Feed flow rate 15 l/h, feed temperature 32°C, and feed solution pH 6.86  
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Fig.8 Time vs permeate flux rate at different feed solution pH 

 Feed flow rate 15 l/h, feed temperature 32°C, and oil feed concentration 300 ppm  
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Fig.9 Time vs oil rejection percent at different feed solution pH 

 Feed flow rate 15 l/h, feed temperature 32°C, and oil feed concentration 300 ppm  
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Fig.10 Complete blocking filtration model  
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Fig.11 Intermediate blocking filtration model  
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Fig.12 Standard blocking filtration model 
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Fig.13 Cake filtration model 
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ROBUST CONTROLLER DESIGN FOR LOAD FREQUENCY 
CONTROL IN POWER SYSTEMS USING STATE-SPACE 

APPROACH 
 
 
 
 
 
 
 
 
 

ABSTRACT: 
 In this paper a robust governor has been designed using H∞ techniques to replace the conventional 
governor of the steam turbine of the power system to regulate the frequency of the power grid. The robust 
governor is synthesized using state-space approach with time variations, neglected dynamics, and constant 
main steam pressure are considered in the design process. The proposed approach ensures internal stability, 
satisfying both frequency and time domains requirements, and obtaining minimal performance H∞-norm of 
the closed-loop system in one burden. The simulations are carried out using MATLAB and the results show 
that the overall system output performance can be improved using the proposed  H∞  robust governor. 
 

  الخلاصة
ليستبدل  الحاكم التقليدي لمنظومـة التـوربين فـي منظومـات الطاقـة              ) ∞H(بإستخدتم تقنيات ال     في هذا البحث تم تصميم حاكم نشيط        

المسيطر النشيط تم تصميمه بإستخدام طريقة فضاء الحالة مع الاخذ بنظـر الاعتبـار              . الكهربائية لتنظيم التردد الخاص بالشبكة الكربائية     

و وتحقق كـلاً     الطريقة المقترحة تضمن الاستقرارية الداخلية     .بخار المتولد من المرجل   ضغط ثابت لل  ، الديناميك المهمل ، التغيرات الزمنية 

 نفـذت إسـتخدام برنـامج       النتـائج .   الوقت  للنظام المغلق في نفس    ) H∞-norm(قل  أ الزمن و التردد وتحصل على       يمن متطلبات مجال  

MATLAB الحاكم النشيط المقترحن يتحسن بإستخدامأ بأن الاداء الكلي للمنظومة يمكن تظهروأ .  
  
KEYWORDS: robust control, load frequency control, steam turbine, H∞-norm, system uncertainty, 
load disturbance. 
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 BACKGROUND AND MOTIVATION 

 
 Modern power systems are highly 
complex and non-linear and their operating 
conditions can vary significantly over a wide 
range. Power system stability can be defined as 
that property of a power system that enables it to 
remain in state of operating equilibrium under 
normal operating conditions and to regain an 
acceptable state of equilibrium after being 
subjected to a disturbance [1, 2]. The quality of 
power supply must meet certain minimum 
standard requirements with regard to the 
following factors: 

• Constancy of frequency. 

• Constancy of voltage. 

• Level of reliability. 

The main concern in this work is regarding 
the first factor mentioned above.  Most universal 
method of electric generation is accomplished 
using thermal generation, and the most common 
machine for this production is the steam turbines. 
In the world most of the generation is powered by 
steam-turbine-driven generators. The size of these 
generating units has increased over time and the 
steam used in electric production is produced in 
steam generators or boilers using either fossil or 
nuclear fuels as primary energy sources [2].  

 
Ideally, the load must be fed at constant 

voltage and frequency at all times. In practical 
terms this means that both voltage and frequency 
must be held within close tolerances so that the 
consumer’s equipments may operate 
satisfactorily. For example, reduction of the 
system frequency of only a few hertz may lead to 
stalling of the motor loads on the system [2]. 
Subsequent large change in the system frequency 
might cause cascade trips of the generating power 
plants and results in system breakup. Thus it can 
be accurately stated that the power system 
operator or automatic control system must 
maintain a very high standard of continuous 
electrical service [2]. 

 
 Poor balancing between generated power and 

demand can cause the system frequency to deviate 
away from the nominal value, and create 
inadvertent power exchanges between control 
areas. To avoid such a situation, Load Frequency 
Controllers (LFC) are designed and implemented 
to automatically balance between generated power 

and the demand power in each control area [1, 3, 
4]. 

 
The problem of load frequency control has 

been investigated by many researchers. In [5] 
speed governors have been designed based on PID 
techniques with different philosophies because of 
its simplicity and ease of implementation. Fuzzy 
sliding mode controller for LFC has been 
designed in [6] to account for the system’s 
parameters variations and the governor backlash. 
Genetic Algorithm (GA) is a global search 
optimization technique. The researchers in [7] 
used GA for tuning the control parameters of the 
Proportional-Integral (PI) control subject to the 

∞H  constraints in terms of LMI. Modern control 
techniques have been reported in [8, 9] in which a 
load frequency controller for power systems has 
been designed using LQR techniques. The work in 
[10] investigated the design problem or robust 
load frequency controller using LMI methods for 
solving the ∞H  control problem. 

 
This paper is organized as follows: in section 

2 a brief introduction to the robust control theory 
and H-infinity techniques is given. Section 3 
describes the mathematical modeling of the steam 
turbine system and the design objectives. Section 
4 presents the design procedure of the robust 
governor and Section 5 is devoted to the 
performance evaluation and simulation results.  
Collusions are given in section 6. 

 

ROBUST CONTROL AND H-
INFINITY TECHNIQUES  
 
Central to the development of feedback 

control theory has been the notion of 
uncertainty. Uncertainty refers to the differences 
or errors between models and reality. It can be 
defined as discrepancy between the physical plant 
and the mathematical model used for controller 
design. A good model should be simple enough to 
facilitate design, yet complex enough to give the 
engineer confidence that designs based on the 
model will work on the true plant.  

 
For a scalar stable transfer function )(sG , the 

∞H -norm is simply the peak value of )( ωjG  as 
a function of frequency (i.e. maximum of Bode 
plot) [11, 12, 13]:  
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)()( ωjGsupsG
ω

=
∞

         (1) 

Where sup  is the supremum or the least 
upper bound, it is the same as max value and it is 
used here instead of max because the maximum 
may only be approached as ∞→ω  and may 
therefore not actually be achieved. The H∞ stands 
for Hardy Space which is a functional space 
containing all analytic and bounded transfer 
functions in the RHP and the symbol ∞  implies 
that it is designed to accomplish minmax 
restrictions in the frequency domain. 

 
The shaping of a multivariable transfer 

function is based on the idea that a satisfactory 
definition of gain (range of gain) for matrix 
transfer function is given by the singular values σ  
of the transfer function. By multivariable transfer 
function shaping, therefore it is meant that the 
shaping of singular values of appropriately 
specified transfer functions such as the loop 
transfer function KGL =  or possibly one or more 
closed-loop transfer functions [14,15]. Two 
essential  objectives are required for the closed-
loop system, these are [15]: 

 
• For disturbance rejection we have to make 

PWS ≥)(1 σ , where PW  is the 

performance bound.  
• While for robust stability against a 

multiplicative perturbation 
)∆( += IGGp  we have to make 

1)( −≤ IWTσ where 1−
IW  is the robustness 

bound. 
 

 The two mentioned requirements cannot all 
be met at the same time. Feedback is therefore a 
tradeoff over frequency of conflicting objectives.  

 
Weighted Performance and Weighting 
Filters Selection Criteria   
 

The performance objectives of the feedback 
system can usually be specified in terms of 
requirements on the sensitivity S  and /or 
complementary sensitivity T  functions or in 
terms of some other closed-loop transfer functions 
like control sensitivity function R  as defined 
below: 

Ld
cS

+
==

1
1             (2)  

SK
L

K
r
uR  

1
=

+
==             (3)  

IST =+ ⇒
)1( L

LSI
r
cT

+
=−==           (4)  

To achieve the two essential requirements 
mentioned early, the following have to be satisfied 
[14,15]: 

 
• For disturbance rejection minimize )(Sσ  

over the low frequency range.  To do this 
one could select a weighting filter )(sWP  
that has low-pass filter characteristics 
with bandwidth equal to the bandwidth of 
the disturbance. The optimal robust 
control problem is then solved by finding 
a stabilizing controller that minimizes 

∞
SWP . 

• The )(Tσ  needs to be minimized as large 
as possible at high frequencies to account 
for unstructured uncertainties that appear 
in that frequency range. To achieve this 
goal, a weighting filter )(sWI  has to be 
chosen such that it has high magnitude at 
high frequencies and low at low 
frequencies with the condition that  

∞
TWI  is minimized.  

•  Finally, the control sensitivity R  should 
be kept at low values to limit the 
magnitude of the control signal u  to 
prevent saturation of the actuators. To get 
this done, the control sensitivity R  has to 
be reshaped with a weighting filters such 
that 

∞
RWU  is minimized in the specified 

frequency range. 
 
The minimization process to the closed-loop 

transfer functions is achieved at different 
frequency regions especially for S  and T  to keep 
the equation ITS =+  valid over the entire 
frequency range. This can be done via the 
selection of corresponding weighting filters with 
different frequency characteristics as explained 
above. From the above discussion the 
requirements for the performance become 
[14,15,16]: 
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   (5)                     

 
The selection of the weighting filters is not an 

easy task for a specific design problem and often 
involves ad hoc, and fine tuning. It is very hard to 
give a general formula for the weighting filters 
that will work in every case. Finally the selection 
of the uncertainty weighting filter depends on the 
dynamics of the system and the nominal model 
chosen [14,15]. 

  
There are many ways in which feedback 

problems can be casted as ∞H  optimization 
problem, one of them is afforded in Fig. 1.  

 
The closed-loop transfer functions from w  to 

z  is given by the Linear Fractional 
Transformation (LFT) [17,18]: 

 
wKPFwTz lzw  ),( ==                        (6)  

 

21
-1

221211  )-(),( PKPIKPPKPFT lzw +==     
                                                                    (7)  
 
Where P  is the open-loop generalized plant 

that includes the plant transfer function in addition 
to the weighting filters and is the ∞H  
controller K . It should be said that the ∞H  
algorithms, in general, find a suboptimal 
controller, that is, for a specified γ  a stabilizing 
controller is found for which γ<

∞
),( KPFl . If 

an optimal controller is required then the 
algorithm can be used iteratively, reducing γ  
until the minimum is reached within a given 
tolerance [14,15,18]. 

 
The standard ∞H  suboptimal control problem 

for Fig. 1 is to find all stabilizing controllers 
)(sK  which minimize [14,15,18]: 
 

)))(,(( ),( jwKPFmaxKPFT llzw σ
ω

==
∞∞

               

      (8) 
 
For the general control configuration of Fig. 

1, there exist a stabilizing controller )(sK  such 
that γ<

∞
),( KPFl  if and only if [18,19,20]: 

 
(i) 0≥∞X  is a solution to the following 

algebraic Riccati equation: 

0)( 2211
2

11 =−+++ ∞
−

∞∞∞ XBBBBXCCAXXA TTTT γ
            (9) 

 

Such that  

;  ,0]))([( 2211
2 iXBBBBARe TT

i ∀<−+ ∞
−γλ and 

(ii) 0≥∞Y  is a solution to the following 

algebraic Riccati equation: 

0)( 2211
2

11 =−+++ ∞
−

∞∞∞ YCCCCYBBAYAY TTTT γ
              (10) 

Such that  

;  ,0)])([( 2211
2 iCCCCYARe TT

i ∀<−+ −
∞ γλ and 

(iii) 2)( γρ <∞∞YX  

 Moreover, when these conditions hold, 
one such controller )(sK  is given with the 
following state-space representation 
[14,15,16,17,20]: 
   

                                                               

     (11) 
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STEAM TURBINES AND SPEED 
GOVERNING SYSTEM 
 

A steam turbine converts stored energy of 
high pressure and high temperature steam into 
mechanical energy, which is in turn converted into 
electrical energy by the generator. The heat source 
for the boiler supplying the steam may be a 
nuclear reactor or a furnace fired by fossil fuel 
(coal, oil, or gas) [1, 21].  

 
Steam turbines normally consist of two or 

more turbine sections or cylinders coupled in 
series.  Most units placed in service in recent 
years have been of the tandem-compound design, 

⎥
⎦

⎤
⎢
⎣

⎡ −
=

∞

∞∞∞

0
  )(

F
LZA

sK sub
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in which, the sections are all on one shaft, with a 
single generator. Typical configuration of tandem-
compound steam turbine with single reheat is 
shown in Fig. 2. 

 
A typical mechanical-hydraulic speed 

governing system consists of a Speed 
Governor (SG), a Speed Relay (SR), a Hydraulic 
Servomotor (SM), and Governor-Controller 
Valves (CVs). In steam turbine-generator system, 
the governing is accomplished by a speed 
transducer, a comparator, and one or more force-
stroke amplifiers. Fig 3 depicts the complete 
system block diagram of a steam turbine generator 
[2]. 

 
The transfer function of each individual block 

is derived as follows [1,2,4,21,22]: 

Speed Governor (SG): 

R
SG

1
=                         (12)                                            

Where R  is the steady-state speed 
regulation. The value of R  determines the steady-
state speed load characteristic of the generating 
unit.  

       

Speed Relay (SR): 

1
1)(
+

=
SR

R sT
sS             (13)                                            

Where SRT  is the time constant of the 
speed relay.       

 
 
  

Servo Motor (SM): 

 
 
 

 
 
Where SMT  is the time constant of the 

servomotor.     
    

Steam Turbine (ST): 

1)1)(1)((
)1)(1)1)(((

∆
∆)(

+++
+++++

==

RHCOCH

LPCOIPRHCOHP

V

m
T

sTsTsT
FsTFsTsTF

P
PsS     (14)                          

Where COT , RHT , CHT  are the time 
constants for the cross over, reheater, and steam 
chest respectively.  

 
 
 
       

Machine Dynamics (MD): 

 
 
     
 
 
Where MT  is the mechanical starting time. 
            ∆Pm is the incremental change of 

the turbine mechanical power. 
            ∆PL is the incremental change of load 

power. 
      ∆Pa is the incremental change of 

accelerating power. 
            ∆ωr is the deviation of the angular 

speed of the synchronous generator. 
 

Speed Disturbance Spectrum (SD) 

o
D fs

sW
π2

1)(3 +
=              (15) 

 
The model of the complete steam turbine 

system has been derived with typical values of 
parameters of the model shown in Fig. 3. This 
model is applicable to a tandem-compound single 
reheat turbine of fossil-fuelled units are listed in 
Table 1 [1,2,22]. 
 
              
1. H∞ CONTROLLER DESIGN FOR THE 
UNCERTAIN STEAM TURBINE 
SYSTEM: A STATE-SPACE APPROACH 

 
This section summarizes the design 

procedure of the ∞H  robust governor design for 
the steam turbine system based on state-space 
techniques in which the system will be 
represented by four system matrices { }DCBA ,,, . 

)(sSM ≡
Speed relay

output (∆ PV) 

PV max 

PV min 

1
1
+SMsT

mP∆

LP∆

rω∆aP∆
∑

MD sTK +
1  

- - +
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For steam turbine system, the design requirements 
that have to be satisfied are summarized as 
follows: 

 
• Time-domain requirements:  

• Good and swift disturbance 
rejection with steady-state error 
less than % 2.0 . 

• The closed-loop system is stable at 
all operating conditions. 

• Undershoot of the output frequency 
deviation is as minimum as 
possible. 

• Control signal ( u ) lies in the range 
]1,0[  in response to step load 

change. 
 

• Frequency-domain requirements:  
• Phase margin > o40 . 
• Gain margin > 10  dB. 
• High frequency roll-off to the 

controller. 
 
In designing a robust governor the 

parameter variations have to be taken into 
consideration in the design process since the 
variations are a common phenomenon in many 
practical applications, one of them is the steam 
turbine system.  

 
This can be done by designing the ∞H  

robust controller for the nominal model )(sGnom  
rather than the original one )(sG .  Usually the 
nominal model )(sGnom  is of a transfer function 
which is simpler than the original transfer 
function )(sG or perturbed one )(sGP . One 
possible proposed choice of the nominal model 
for the steam turbine system is: 
     

)+(
1

 1)( 1)(
1) ( 

)()((s) 21

DMRHCH

RHHP

nomnomnom

KsTsTsT
sTF

sGsGG

⋅
++

+
=⋅=

   (16) 

Where the dynamics that represents the 
speed relay )(sSR , servo motor )(sSM , and the 
crossover piping in the turbine transfer COT  have 
been neglected as they have very small time 
constants. These neglected high frequency 
dynamics will be represented as an output 
multiplicative uncertainty in the design stage, 

where the original model )(sG  will be replaced 
by a nominal model )(sGnom  together with 
uncertainty filter )(sWI  usually of finite and low 
order. In addition, real perturbations are added to 
the system by allowing specific parameters to 
vary in their ranges. In this model two parameters 
are assumed to be uncertain. With the aid of 
Table 1, the characteristics of these two uncertain 
parameters are listed in Table 2. 

 
At this end the nominal model )(sGnom  

has been chosen based on simplification in the 
original model )(sG . With perturbations added to 
the two parameters mentioned above, the nominal 
model becomes: 
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While the perturbed transfer function 

)(sGP  is given by: 
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     (20) 
Where  CHT  and RHT  are uncertain, their 

ranges are defined in table 1 and, CHT , RHT are 
the nominal values of their respective variables. 
Their values can be obtained from table 5.1. 
Based on the above analysis, the next step is to 
design the uncertainty filter )(sWI  which 
represents the neglected dynamics as well as the 
variations in CHT  and RHT . The uncertainties of 
these two parameters will contribute in the design 
of the uncertainty weighting filter )(sWI . 
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Now, the ∞H  design procedure will be 

carried out on the nominal plant (s)nomG  together 
with the uncertainty filter )(sWI  that compensates 
for the modeling errors (neglected dynamics plus 
parameter perturbations). 

 
 With output multiplicative uncertainty 

has been incorporated into the system, the open-
loop generalized plant will be represented by 

)(sP : 

 
 
While the weighted closed-loop transfer 

function matrix zwT  is given by: 
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DUUU

DIII

zw

SWWSGWSGW
WKSWSKGWSGKW
WKSGWTWTW

T     (22)  

 
The block diagram of the augmented plant 

)(sP  including the performance and uncertainty 
weighting filters ( )(sWP , )(sWU  and )(sWI ) 
together with plant is shown in Fig. 4, where an 
output multiplicative uncertainty is assumed in the 
system as indicated by the uncertainty weight 

)(sWI  and the input 1d .  
 

 
Selection of the Weighting Filters 

 
Two kinds of weighting filters have been 

designed in the ∞H  optimization process: 
 
• Performance weighting filters: Two 

performance weighting filters have 
been used. The performance weighting 
filter )(sWP  reflects the requirements 
of disturbance rejection. While the 
second weighting filter )(sWU , is 
included to limit the value of the 
control signal ( u ) to avoid the 
saturation of the actuators. After deep 
analysis it is found that the following 
weighting filters that are suitable for 
the problem at hand [23]: 

  

6109.2
29.0)( −∗+

+
=

s
ssWP       ,    

10
1)( =sWU    

• Uncertainty weighting filter: 
This weighting filter represents 
the neglected dynamics in the 
model in addition to the 
parametric uncertainties in the 
variables CHT  and RHT  and is 
given as follows [23]: 

 

3333 + s
1067 + s 4500)()(

1
== sWsW II  

 
Up to this point all the weighting filters 

have been designed. Applying the H∞ design 
procedure to the generalized plant )(sP , the 
optimization process ends with the following 
results [23]: 

 
• 0.9631min =γ  and the ∞H -norm of the 

closed-loop transfer function is 
0.963054)( =sTzw . 

• The ∞H  controller is suboptimal, strictly 
proper, and of 6th order: 

 0.4825)+( 0.959)+( 66.89)+( )106.499+( )105.41+( 
0.1429)+( 0.2588)+( 2.975)+( 4)+( 3333)+( 89841176293.2)( 44 ssssss

ssssssK
∗∗

=

 

SIMULATIONS AND RESULTS  
 
In this section the time and frequency 

domain simulations have been carried out on the 
closed-loop configuration of the steam turbine 
system as shown in Fig. 5 and have been done 
using MATLAB software.  

 

 Where, 

)(sK =  the designed  H∞  robust governor 
)(sK  

G1 (s)   = )(*)(*)( sSTsSMsSR , 
G2 (s)   = )(sMD . 

LP∆      = Load disturbance signal, 

mP∆      = Output Mechanical power of the 
turbine, 

rω∆      = Output frequency deviation 
( 0∆ =rω  if 0∆ =LP ), 

 d3         = Speed disturbance signal, 
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 u     = Control signal (output of the 
governor), 
 
The frequency response of the 

compensated system )()( sKsG ∗  is drawn in 
Fig. 6. The controller has an integrating 
action as planned for which tends to damp the 
low frequency disturbances as it is clear in the 
time response simulations. Also the controller 
has a high frequency roll-off of  20 
dB/decade. The controller gives a very good 
phase margin about o42.72 with 908.3  rad/sec 
phase crossover frequency and gain margin of 
about 35 dB with gain crossover frequency of 
0.26 (rad/sec). 

 
Since all the roots of )()(1 sKsG ∗+  lie 

in the open left half  s-plane, then nominal 
stability is guaranteed. Both robust stability 
and nominal performance tests are illustrated 
in Fig. 7. The figure confirms that the 
nominal performance condition has been 
satisfied. As seen the bound PW1 covers the 
sensitivity S  with wide gap between them. 
Since the uncertainty in the system is 
unstructured and is modeled in multiplicative 
form, the verification of the robust stability is 
performed by plotting the singular values of 
T  and comparing it with the frequency 
response of the bound IW1 . This is shown in 
Fig. 7. RP is automatically satisfied when the 
subobjectives of NP and RS are satisfied.  

 
To check the stability of the system 

against the variations of the system 
parameters, the two uncertain parameters has 
been set to two extreme values as depicted in 
Fig. 8 where the transient behavior of the 
output speed deviations due to load 
disturbance step of 02.0 p.u ( 02.0=LP∆  p.u) 
is plotted. As seen in the figure, the system 
exhibits clear performance degradation due to 
the parametric perturbations of the uncertain 
variables. But, evidently the system ensures 
stability even when the uncertain parameters 
vary over their entire range. 

 
The nature of the generating unit with 

reheat turbine when subjected to 04.0 p.u step 

change in the load (load disturbance) is 
illustrated in Fig. 9. These responses have 
been computed by using the typical 
parameters listed in table 1. Values shown are 
in per unit of the step change. As can be seen 
from the figure, the increase in LP  causes the 
frequency to decay at a rate determined by the 
inertia of rotor. As the speed drops, the 
turbine mechanical power begins to increase. 
This in turns causes a reduction in the rate of 
decrease of speed with undershoot of 

3105.8 −∗ , and then an increase in speed when 
the turbine power is in excess of the load 
power(this starts beyond 7.10  sec). The speed 
will ultimately return to its reference value 
within 23 sec settling time and steady-state 
error of about %17.0  and the steady-state 
turbine power is increased by an amount 
equal to the additional load.  
 

CONCLUSION 
The robust governor has been designed 

and the simulations had showed that the closed-
loop of the steam turbine system with this robust 
governor exhibits a very good results and it satisfy 
both the time and frequency domain requirements. 
The robust governor designed by the H∞ 
techniques based on the state-space approach 
ensures both robust stability and robust 
performance of the closed-loop system against 
parametric variations and neglected dynamics for 
the steam turbine system.  
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LIST OF SYMBOLS 

),( KPFl  lower linear fractional transformation 

∞H  subspace containing all analytic and bounded transfer functions in the 

)(xRe  real value of the complex number x  

∞
G  H-infinity norm of G  
sup  is the supremum or the least upper bound 

)(Gρ  maximum eignvalue of the matrix G  

)(Giσ  i-th singular values of  the matrix G  

σ  maximum singular values of the matrix G  

λ  eignvalue of the matrix G  
γ  solution of the H∞ optimization  

∞X  solution of the riccati equation 

∞Y  solution of the riccati equation 

zwT  weighted closed-loop transfer function 
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Figure 1: General control configuration. 

Figure 2: Tandem-compound single reheat steam turbine 
Configuration.
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           Table 1: Description of the Steam Turbine System Parameters. 
 

Parameter Description Value Unit 

KD Damping factor 
 = torque (pu) / speed (pu) 2 pu 

TM Mechanical starting time 8 sec 

FIP IP  turbine power fraction 0.4 - 

FLP LP turbine power fraction 0.3 - 

FHP HP turbine power fraction 0.3 - 

TCO Crossover time constant 0.4 sec 

TSR Speed relay time constant 0.1 sec 

TSM Servomotor time constant 0.2 sec 

TCH Steam chest time constant 0.25 sec 

TRH Reheater time constant 7 sec 

PV max Maximum valve position 1 pu 

PV min Minimum valve position  0 pu 

fo Speed disturbance bandwidth     0.5-2 Hz 

 

 

 
 
 
 
 

+

Figure 3: Block diagram of steam turbine control 
system.
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   Table 2: Specifications of uncertain parameters.  
 
 

Parameter Nominal 
symbol 

Nominal 
Value/sec Range/sec 

Steam Chest time ( CHT ) CHT  0.25 0.1-0.4 

Reheat Time ( RHT ) RHT  7 3-11 



 Ismail A. Mohammed                                                Robust Controller Design For Load Frequency Control          
 Rami A. Mahir                                                            In Power Systems Using State-Space Approach 
 Ibraheem K. Ibraheem 

 

 276

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Augmented Plant for the H∞ Control Problem. 
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   Figure 5: Closed loop of the steam turbine system. 
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Figure 6: Frequency Response of the open loop system. 

Figure 7: Singular values of S, T, and their Performance 
bounds. 

Figure 6: Frequency response of the system 
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Figure 9: Transient response of the closed-loop system to a 
small step increase ∆PL. 
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DESIGN AND EVALUATION OF A WEB BASED VIRTUAL DSP 
LABORATORY USING GUI AND HTML 

 
Dr. Ashwaq Q. Hamid                                     Burak Abedulhadi 

Electromechanical Engineering Department, University of Technology  

  

   HTML و GUIصفحات الويب عن طريق باستخدام تراضي  أفDSPتصميم وتقويم لمختبر 
 
 

  :الخلاصة 
ان لهذه المختبرات بعض المشاآل . التعليم الهندسي يجب ان يشترك فيه المختبر العملي وذلك لأسناد الجانب النظري وتطوير مهارات الطالب 

يقدم البحث الحالي تصميم وتقويم لمختبر افتراضي تم . نية والمكانيةمثل الكلفة العالية جدا آما أنها تتطلب أشراف بالاضافة الى المحددات الزم
 لطلبة الدراسات الاولية في قسم الهندسة الكهروميكانيكية في )DSP(بناءه باستخدام صفحات الويب لتدريس مادة معالجة الاشارة الرقمية 

محول ، متسلسلة فورير المرآبة، متسلسلة فورير ، نظرية النمذجة ، ت التجارب المختبرية المنفذة ستتظمن أنواع الاشارا. الجامعة التكنولوجية
واجهة . المرشحات الرقمية  ، -Zمحول، الألتفاف  ، )FFT(محول فورير السريع ، محول فوريرالمتقطع، معكوس محول فورير، فورير

 طريقة سهلة ومرئية في ادخال البيانات بينما تم  تم استخدامها لاعطاء الطالب)MATLAB  ( المميزة لبرنامج )GUI(المستخدم الرسومية 
لقد تم أستخدام الاستفتاء ومقياس ليكرت ذي الخمس نقاط في .   في توضيح الأسس النظرية)HTML(استخدام لغة ترميز النصوص التشعبية 

آما أضاف تأثيرات  ، )DSP( فهم مباديء  الافتراضي المقترح ساعد الطلبة في)DSP(أظهرت نتائج التقويم أن مختبر . أجراء عملية التقييم 
  . أيجابية في أداء ورغبات الطلبة بالمقارنة مع طرق التعليم التقليدية

 
ABSTRACT:  
Engineering education should involve practical laboratory to support theoretical foundation and develop 
student skills. These hands on laboratories have some disadvantages such as expensive, supervision required, 
time and place restrictions. This paper presents design and evaluation of a web based virtual laboratory for 
teaching Digital Signal Processing (DSP) to undergraduate students in Electromechanical Engineering 
Department at the University of Technology. The laboratory experiments includes classification of signals, 
sampling theorem, Fourier series, complex Fourier series, Fourier transform, inverse Fourier transform, 
discrete Fourier transform, Fast Fourier Transform (FFT),convolution , Z-transform, and digital filters. 
Graphical User Interface (GUI) feature of MATLAB have been used to provide students with a friendly and 
visual approach in specifying input parameters while Hyper Text Markup Language (HTML) was used to 
illustrate theoretical foundations. The questionnaire survey and five point Likert scale are utilized in 
performing evaluation. Results of this evaluation showed that the proposed virtual DSP laboratory was helped 
students in DSP concepts, made positive effects on students’ achievements and attitudes when compared to 
traditional teaching methods. 
 

 
KEYWORDS: Engineering Education, Virtual laboratory, DSP, Internet, GUI, HTML  
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I.INTRODUCTION 
Digital Signal Processing (DSP) course have 

been taught at Electromechanical Engineering 
Department, University of Technology. This 
course involves a large number of complicated 
mathematical equations that need some 
explanation to appreciate underlying concepts. The 
hands on laboratory can be used to help students in 
illustrating these conceptual concepts and 
developing their practical skills [Feisel, 2005]. 
However, these hands on laboratories have some 
drawbacks such as expensive, supervision 
required, time and place restrictions [Nedic, 2003; 
Balamuralithara,2008]. 

In the last decade, there has been a growing 
trend in the utilization of simulation-based virtual 
laboratories for undergraduate students in the 
engineering and science colleges. However, these 
modern laboratories are cost effective 
[Wolf,2009], increase the student performance 
[Macias,2001;Campbell,2004], encourage self 
learning by providing hands on activities 
[Chu,1999], and suitable for use in distance 
learning when the World Wide Web (WWW) 
access is available [Agrawal,2008]. Several 
authors have presented researches in engineering 
education covered a wide range of disciplines, 
such as electrical engineering [Tanyildizi, 2009], 
mechanical engineering [Gil, 2000], control 
engineering [Uran, 2008], chemical engineering 
[Murphy,2002] , and civil engineering 
[Budhu,2002],  while other authors were 
introduced researches in science education 
[Stone,2007; Jimenez,2003].  

Nowadays, virtual laboratory is used as 
prevalent alternative to the traditional hands on 
laboratory and must be performed the same 
learning outcomes. However, some universities 
already have been started to utilize virtual 
laboratories in the engineering colleges such as 
John Hopkins University in USA [Karweit], 
Polytechnic University of Valencia in Spain 
[Tejedor,2008], Warsaw University of Technology 
in Poland [Sobczuk,2007], University of Pisa in 
Italy [D'andrea,2008], and many others. 

Virtual laboratories can be broadly classified 
into three types: First, simulation laboratories that 
use software and web server to emulate the 
physical laboratory [Nedic, 2003; 
Balamuralithara,2008] . In these laboratories, the 
users can modify the parameters of the simulation 
and observe the changes in the system. Second, 
remote laboratories allow users to view, control 

and acquire data from a physical experiment 
through a web server [Nedic, 2003; 
Balamuralithara,2008]. Third, recorded 
experiments allow users to view actual 
experiments and work with real data 
[Sidhu,2010;Chan,1998].  

Virtual laboratory has been assessed by several 
researchers and they have concluded that there is 
no significant difference in student learning results 
from using virtual learning laboratory versus 
physical laboratory [Campbell, 2002]. However, 
complete removal of physical laboratory from the 
syllabus would not be accepted by students 
according to their feedback [Wiesner,2004].  

This paper presents design and evaluation of 
web-based virtual DSP laboratory developed by 
the authors as an instructional tool for 
undergraduate students at the Electromechanical 
Engineering Department /University of 
Technology [Burak ,2008]. The developed virtual 
laboratory has been evaluated by (30) 
undergraduate students and (5) lecturers from the 
Electromechanical Engineering Department / 
University of Technology.  

   
II. LABORATORY IMPLEMENTATION  

The implementation of the virtual DSP 
laboratory required a variety of tools to facilitate 
the use of different presentation methods. Two 
important software programs in the development 
of the virtual DSP laboratory included Hyper Text 
Markup Language (HTML) and MATLAB 
Graphical User Interface (GUI). 

  
1) Hyper Text Markup Language (HTML) 

The HTML version 4 has been used to 
demonstrate theory information of DSP in a web 
page form. The main web page of the developed 
virtual DSP laboratory will begins with the 
presentation screen shown in  Fig. 1. As can be 
seen from this main web page, the student can 
study and perform required experiments in any of 
the following topics by clicking on the button 1) 
Classification of signals, 2) Sampling theorem, 3) 
Fourier series, 4) Complex Fourier series, 5) 
Fourier transform, 6) Inverse Fourier transform,7) 
Discrete Fourier transform, 8) Fast Fourier 
Transform (FFT), 9) Convolution,10) Z-transform, 
and 11) Digital filters. These topics constitute the 
core structure of DSP course that is presently 
introduced to the undergraduate students in 
Electromechanical Engineering Department. 
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The HTML code for the main web page is 

generated dynamically through the Hypertext 
Preprocessor (PHP) as shown in Fig.2. The PHP 
code is interpreted by a web server to generate the 
web page of virtual DSP laboratory. The PHP is 
available as a processor for most modern web 
servers and as a standalone interpreter on most 
operating systems and computing platforms. 

 
2)  Graphical User Interface  

The Graphical User Interface (GUI) is a 
MATLAB based toolbox with the following 
features: 1) User friendly environment, (drag and 
drop) approach, 2) Developing a model needs 
short time 3) No knowledge in computer 
programming required to perform an experiment, 
4) The student can set the desired parameters in 
any experiment and plot result using mouse clicks. 
Therefore, GUI has been utilized to perform 
mathematical  
calculation for any DSP model used herein in this 
paper. MATLAB implements GUI through 
Graphica1 User Interface Development 
Environment (GUIDE) which allows the user to 
create figure windows containing graphical 
objects. In order to start create models in GUI type 
GUIDE in the MATLAB prompt window that will 
cause appearing GUIDE program as shown in 
Fig.3. This window is separated equally into right 
side window which is called (open existing GUI) 
used to open an already exist model in the 
workspace while the left side window is called 
(create new GUI) which is used to build new GUI 
model with the help of four GUIDE templates; 
blank GUI, GUI with uicontrols, GUI with axes 
and menu, and modal question dialog. 

 
By clicking on the blank GUI in GUI beginning 

window and clicking on save new figure to save 
model with name SIGNALS_GUI as shown in 
Fig.4. The component palette at the left side of the 
GUI layout editor contains the pushbuttons, toggle 
buttons, lists, menus, text boxes, and so forth 
components that will be used to build simulation 
program for stepper motor. This component palette 
can display with its names. 

 
Note that due to space limitation the authors 

cannot presents all programming steps, for further 

details see [Burak]. The following are experiments 
of the developed virtual DSP laboratory.    
 
Experiment (1): Classification of signals 

In this experiment, the student can conducts 
experiment on five types of signals as shown in 
Fig.5. Each experiment has a menu on the left 
hand side includes objective, theory, example, 
exercise, equation, and question. The objectives of 
the experiment can be obtained by pressing on the 
objective button.  The necessary information and 
theory bases for this experiment will displayed 
after pressing on the theory button as shown in 
Fig.6. Example button can be used to present 
solved example as shown in Fig.7. The exercise 
button is  
intended for conducting the required experiment 
on continuous, discrete time, and digital signal 
using GUI. The last two buttons are used for 
mathematical description of the experiment and to 
perform self test after complete experiment as 
shown in Fig.8 and Fig.9 respectively.  
 
  

The exercise of experiment (1) shown in Fig.10 
was designed in MATLAB GUI. The student can 
perform experiment on three different types of 
signals, sine, triangle and square wave. The 
frequency, sampling rates, and the number of bits 
per sample of the selected signal can be changed 
through using slider menu .After selection of input 
signal parameters, one can plot experiment results 
by pressing on display button.  

 
Experiment (2): Sampling Theory  

The experiment of sampling theory is shown in 

Fig.11. This experiment can be accessed through 

clicking on the sampling theory button in the main 

web page. The student can explore this experiment 

with the help of the menu on the left hand side 

which has six different buttons. When the student 

clicks on the first button, this will cause in viewing 

of experiment objectives while clicking on the 

second button will cause to display experiment 

theory as shown in Fig.12.  
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It is possible to view a number of solved 

examples in sampling theory through clicking on 

the third button  

as shown in Fig.13. These examples can help 
students to understand basic principles of sampling 
theorem and prepare them to practical exercise. 
Fig.14 shows an interactive exercise which has 
been developed in MATLAB GUI to deal with 
continuous and discrete time domain signals. 
Furthermore, the effects of signal aliasing can also 
be studied. The student can change the frequency 
as well as the phase for the aforementioned signals 
either by using slider or by entering required value 
in appropriate box and then observe the frequency 
spectrum of the signal in a three displays. A web 
page containing all the necessary equations for this 
experiment can be reached by clicking on the 
equation button in the left menu of experiment (2) 
as shown in Fig.15.Finally, in order to complete 
this experiment, the student should be able to 
correctly answer on a number of questions as 
shown in Fig.16.    
Experiment (3): Fourier series   

This experiment starts with reviewing some 
historical background for the famous Fourier paper 
as shown in Fig.17. The basic principles for 
representing any periodic signal by means of 
Fourier series were illustrated in a web page as 
shown in Fig. 18. It is possible to demonstrate 
solved examples that can be helpful to explain how 
to obtain coefficients in Fourier series as shown in 
Fig.19. From the excise menu of this experiment, 
the student can choose from the GUI menu one of 
the following signals: 1) Square wave, 2) Triangle 
wave, 3) Ramp and Saw tooth waves, 4) Full wave 
rectified sine, 5) Full wave rectified cosine, 6) Half 
wave rectified sine, 7) Half wave rectified cosine 
to perform exercise in Fourier series as depicted in 
Fig.20. This exercise has been designed to be 
flexible enough in changing frequency of the 
selected signal by placing mouse on the      

 
 

slider.  All the necessary equations for this 
experiment were prepared in web page as shown in 
Fig.21. For evaluation purpose the student should 
be passed a self test as shown in Fig.22. 

 
 

 

 

Experiment (4): Complex Fourier series  

In preceding experiment we have learned 
representation of signals by using Fourier series. 
Now, the advantageous to use complex 
representation of the sine and cosine signals we 
will be discussed in this experiment as shown in 
Fig.23. 

The theory behind using complex Fourier series 
in the analysis of signals as a superposition of 
complex exponentials was introduced in a web 
page as shown in Fig.24. Normally, the principles 
of complex Fourier series rely on sophisticated 
equations that cannot be understood by student 
without solved examples as shown in Fig.25.   

The exercise for this experiment has been 
developed in MATLAB GUI as shown in Fig.26, 
with the following features: 1) There are so many 
built in wave forms which can be obtained by 
clicking on the slider to perform required 
experiment. 2) Changing the amplitude, period and 
width of any desired signal is quite simple by 
using slider. 3) There are three display windows 
used to observe and plot results.   

All the necessary equations were given in 
Fig.27 while the self test was prepared using 
multiple choose as shown in Fig.28.   

 

Experiment (5): Fourier Transform   
This experiment addresses the use of Fourier 

transform in converting signals from time domain 
to frequency domain. The Fourier transform of 
continuous and discrete signals will be discussed 
in details. It can access this experiment by clicking 
on the Fourier transform button in main web page 
as shown in Fig.29.   

 
A brief description of the basic ideas and 

theorems of Fourier transform can be obtained 
after clicking on the theory button as shown in 
Fig.30.A solved example that illustrates the power 
of this technique in handling signals will be 
available by clicking on the example button of the 
experiment as shown in Fig.31. 

The exercise of this experiment has been 
developed in MATLAB GUI for use in conducting 
Fourier transform experiments in time domain as 
well as frequency domain. This exercise will be 
ready to start performing certain experiments after 
clicking on the exercise button as shown in Fig.32.  

 
The are many features has been added to 

facilitate perform this exercise such as variety of 
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signals, change of signal magnitude and phase in 
time domain as well as frequency domain is very 
simple because it is based on slider, has four 
display to monitor results uses two for time 
domain and the rest for frequency domain.  
The derivations of Fourier transform equations and 

some explanation can be found by clicking on the 

theory button as shown in Fig.33. The student 

should perform multiple-choice self-test as shown 

in Fig.34. The grading of this test appears after 

complete test.  
 

Experiment (6): Inverse Fourier Transform   
The inverse Fourier transforms used to convert 

frequency series of complex values into the 
original time series. We have been developed an 
experiment to study this conversion and it can be 
get access to this experiment by clicking on 
inverse Fourier transform button as shown in 
Fig.35.In order to get more information on the 
theory basis of inverse Fourier transforms press on 
the theory button as shown in Fig.36. 

 There is a solved example which may increase 
student perception can be viewed by clicking on 
the example button as shown in Fig.37. 

The MATLAB GUI has been used to develop 
inverse Fourier transform exercise in such away 
the student can perform experiment in short time 
with clear steps. To start this exercise you should 
press on the exercise button as shown in 
Fig.38.The essential equations and derivation for 
inverse Fourier transform could be very helpful in 
underline some basic concepts. Therefore, these 
equations can be obtained if we clicking on the 
equation button as shown in Fig.39.  
Evaluating what students have learned throughout 

this exercise can be accomplished in multiples 

choose test which can be accessed by clicking on 

the question button as shown in Fig.40.  

 

Experiment (7): Discrete Fourier 

Transform   
There are many applications that use Discrete 

Fourier Transform (DFT) to perform a specific 
task. Generally, the DFT is difficult topic due to 

their inherent mathematical equations. Therefore,   
we have been developed this experiment to help 
student in understanding basic concepts of DFT. 
To start this experiment, click on the DFT button 
in the main web page as shown in Fig.41.We have 
been designed a series of options on the left hand 
side of this experiment which give access to the 
different sections, for example to get information 
on theory basis, click on the theory button as 
shown in Fig.42. 

It is possible after complete reading theory 
basis to view some solved example on DFT 
concepts by clicking on the example button as 
shown in Fig.43. The exercise for this experiment 
has been developed in MATLAB GUI to give 
students more insight into DFT and remove any 
confusion might be happen due to their 
misunderstanding of complicated mathematical 
equations.  
The exercise can launch by clicking on the 
exercise button as shown in Fig.44. There are four 
types of signals could be used to perform 
experiments such as sine wave, square wave, 
triangle wave, and saw tooth wave.  These signals 
can be selected by placing cursor at the signals 
menu. Also, the number of cycles in the selected 
signal can be changed similarly. To get detailed 
mathematical equations and derivation of DFT 
press on the equations button as shown in Fig.45. 
The end of this experiment include multiple 
choose test that should be performed by any 
participated student and this test could be launched 
by clicking on the question button as shown in 
Fig.46. If the students did not get good score in 
this test, they should repeat experiment again.  

 

Experiment (8): Fast Fourier Transform   

The Fast Fourier Transform (FFT) is a 

mathematical approach aims to reduce 

computational power of DFT. The FFT have a 

wide range of applications in communication, 

biomedical engineering, and radar systems. 

Therefore, the FFT has become an invaluable 

analysis tool and every enrolled student in this 

course should have good expertise to use this tool.  

Fig.47 shows FFT experiment which can be 

launched to perform experiments by clicking  
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The student can obtain more information on 
basic concepts of FFT to increase intuitive 
development by clicking on the theory button as 
shown in Fig.48. An 8-points solved example was 
used to intuitively justify the FFT algorithm. This 
example will be launched by pressing on the 
example button as shown in Fig.49. From this 
example one should be note that the FFT owes its 
success to the fact that the algorithm reduces the 
number of multiplications and additions in the 
computation. By clicking on the exercise button 
the student can start performing experiments on 
FFT as shown in Fig.50. The graph of FFT 
spectrum can be displayed on the three small 
windows. Fig.51 shows part of the FFT equations 
which can be browsed by clicking on the equation 
button. As with the preceding experiments, the 
student should answer on a number of questions in 
order to complete this experiment and this test 
could be started by clicking on the question button 
as depicted in Fig.52. The minimum score to pass 
this experiment is 50 percent. 
Experiment (9): Convolution   

The convolution can be defined as a 
mathematical operation on two functions f and h, 
producing a third function that is viewed as a 
modified version of one of the original functions. 
The convolution is of great importance due to its 
wide range of applications from signal and image 
processing to acoustics and probability theory.  
Fig. 53, shows the convolution experiment which 
can be launched by pressing on the convolution 
button. When the student pressing on the theory 
button a web page as shown in Fig.54 which gives 
detailed information on convolution 
fundamentals.   

A solve example can be accessed by clicking 
on the example button as shown in Fig.55. The 
purpose of this example is for assistance in 
learning convolution. Now, the student can 
perform experiment on convolution by pressing on 
the exercise button as shown in Fig.56. It is 
possible to choose the desired signal to conduct 
convolution from a button called get x(t). Three 
displays were used to monitor two input signals, 
multiplication and convolution results, 
respectively. The equations of convolution 
theorem are shown in Fig.57. The self test question 
of this exercise is shown in Fig.58. 
 

Experiment (10): Z-Transform    

The Z-transform is very powerful mathematical 
tool used in design, analysis and monitoring of 
systems. The importance of this experiment comes 
from the fact that knowledge of Z-transform is 
essential to design of digital filters. This 
experiment will be started by clicking on the Z-
transform button as shown in Fig.59. In this 
experiment, the definition of the Z-transform from 
the Laplace transform of a discrete-time signal as 
well as the properties of Z-transform is presented.  

A useful aspect of the Z-transforms is the 
representation of a system in terms of the locations 
of the poles and the zeros of the system transfer 
function in a complex plane can be found by 
clicking on the theory button as shown in Fig.60. 
Several examples illustrating the physical 
significance of Z-transform and their effect on the 
frequency response of a system is available by 
clicking on the examples button as depicted in 
Fig.61. 

An interactive and user friendly software 
program has been developed in MATLAB GUI to 
conduct experiments in z-transform. This exercise 
can be accessed by pressing on the exercise button 
as depicted in Fig. 62. The developed Z-transform 
exercise has the following features: 1) Students 
can add poles and zeros by mouse click or by input 
required poles and zeros in box. 2) Poles and zeros 
can be moved around the Z-plane by selecting 
them and pulling the mouse around, with the 
instant update of the system frequency impulse 
response. 3) System transfer function or filter 
coefficients were used to indirectly specify poles 
and zeros. The derivation of the so-called Z-plane, 
and its associated unit circle, from sampling the S-
plane of the Laplace transform can be accessed by 
pressing on the equations button as shown in 
Fig.63. A multiple choose test should be 
performed by students to measure learning at the 
various cognitive levels. This test can be started by 
clicking on the question button as shown in Fig.64.   
 

 

Experiment (11): Digital Filter     

This is the last experiment in the developed 
virtual DSP laboratory. In this experiment, the 
students can conduct experiments on the digital 
filters for both Infinite Impulse Response (IIR) and 
Finite Impulse Response (FIR) by clicking on the 
digital filter button as shown in Fig.65.  
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A digital filter is an electronic filter usually 
linear used in removing undesirable elements of a 
signal or compensating for some frequency 
dependent distortion within the signal. For more 
information on these filters as well as 
advantageous and disadvantageous can be reached 
by clicking on the theory button as depicted in 
Fig.66. Numerous numbers of solved examples in 
digital filters have been added into this experiment 
to help students in understanding theoretical 
concepts. These examples will be viewed by 
pressing on the example button as shown in 
Fig.67.  

The exercise of this experiment will be started 
after pressing on the exercise button as shown in 

Fig.68. From this figure, it is clear that, the upper 
GUI model can be used to perform FIR filter 
experiments while the middle GUI model used to 
conduct IIR filter experiments. The features of the 
developed exercise can be summarized as: 1) 
Students easily can select filter type to conduct 
experiment such as a low pass, high pass, band 
pass, and band stop filter from the popup menu. 2) 
Allow to change filter order, frequency (1) and 
frequency (2) using the silder. 3) Options, such as 
rectangular, bartlett, hamming, hanning, and 
blackman windowing functions are also available 
to applied using slider. 4) The pole- zero 
placements and the magnitude of the filter can be 
observed by using two display screens (see lower 
figure in Fig.68).The mathematical equations of 
FIR and IIR filters can be obtained by clicking on 
the equations button as shown in Fig.69. The 
student should be exposed to a test consists of 
multiple choice questions each question has two 
answers. This test could be started by pressing on 
the question button as shown in Fig.70. 

 

III-Evaluation 
The developed Virtual DSP Laboratory has 

been evaluated by fifteen final year students (10 
males and 5 females). All the participants in the 
survey were from Electromechanical Engineering 
Department, University of Technology. The Likert 
scale will be used to analyze the results of the 
questionnaire survey.  This scale measure either 
positive or negative response to a statement. The 
responding to a Likert questionnaire item, 
respondents specify their level of agreement to a 
statement. A recent empirical study found that a 
five point or seven point scale may produce 

slightly higher mean scores relative to the highest 
possible attainable score, compared to those 
produced from a ten point scale, and this 
difference was statistically significant 
[Dawes,2008]. Therefore, in this paper, the 
students were asked in questionnaire survey to 
provide their degree of agreement using five-point 
Likert scale (strongly disagree 1, disagree 2,  
neither agree nor disagree 3, agree 4, and strongly 
agree 5).  

The evaluation statements were designed to 
assess the students' attitudes toward using the 
developed virtual DSP laboratory in the course, 
make sure that it's achieve course objectives, and 
to determine if the students would find the 
presentation and the contents of the developed 
virtual DSP laboratory beneficial to their 
performance, learning, and understanding in the 
laboratory course.  

Means and standard deviations of the survey 
results are presented in Table 1.  As indicated in 
Table (1) the students generally agreed that the 
developed virtual DSP laboratory provides a 
convenient environment for learning. It was also 
confirmed that developed virtual DSP laboratory is 
fairly easy to use in the sense of moving around 
different menus rapidly. Furthermore, they were 
able to take as much time as they wished to review 
the material. The best part of developed virtual 
DSP laboratory turned out to be, as intended, its 
user-friendly environment and easy accessibility. 
Majority of students thought that the virtual 
laboratory was helped them to get a better 
understanding of signal processing and that they 
were able to visualize some of the concepts.  
 
Conclusions 

In this paper, a web based virtual DSP laboratory 
has been developed in MATLAB GUI and HTML to 
enhance the understanding of concepts taught in the 
undergraduate DSP course. The proposed virtual 
laboratory is affordable, interactive, and can be used in 
distance learning via using World Wide Web (WWW). 
Furthermore, offers an excellent and suitable platform 
to prepare undergraduate students before they are going 
into the actual laboratory.  

There are 11 experiments have been performed 
using the developed virtual DSP laboratory and all of 
these experiments were selected from the curriculum of 
the Electromechanical Engineering Department 
/University of Technology. A methodology for 
evaluation of developed virtual DSP laboratory based 
on five point Likert scale was outlined. The results of 
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questionnaire survey indicate that the majority of the 
students felt that the developed virtual DSP laboratory 
was beneficial in understanding of DSP algorithms, 
make learning an enjoyable experience and it had 
further aroused their interests. It is expected that the 
virtual laboratories as promising technology will 
increasingly use in engineering and sciences colleges to 
complement hands on laboratories but not to substitute 
them.  
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Fig.1 Main web page of virtual DSP laboratory. 
 

Fig.2 HTML code of the main web page. 
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Fig.3 GUIDE quick start dialog box. 
 

 
 

Fig.4 GUI layout editor. 
 
 

 

 

Fig.5 Web page of experiment (1). 
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Fig.6 Web page of theory bases for experiment (1). 

 

Fig.7 Web page of solved example introduced in experiment (1). 

 

Fig.8 Web page of equations used in experiment (1). 

 

Fig.9 Web page of self test questions applied to experiment (1). 
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Fig.10 Web page of exercise for experiment (1). 
 

Fig.11 Web page of experiment (2). 

Fig.12 Web page of theory bases for experiment (2). 
 

 

Fig.13 Web page of solved example used in experiment (2).  
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Fig.14 Web page of exercise for experiment (2). 

 

Fig.15 Web page of equations used in experiment (2). 

 

Fig.16 Web page of self test questions applied to experiment (2). 
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Fig.17  Web page of experiment (3).   
 
 
 
 
 

Fig.18  Web page of theory bases for experiment (3).  
 

Fig.19 Web page of solved example used in experiment (3). 
 
 

Fig.20 Web page of exercise for experiment (3) 
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Fig.21 Web page of equations used in experiment (3) 
 
 
 
 
 
 
 

Fig.22 Web page of self test questions applied to experiment (3). 
 

 

Fig.23. Web page of experiment (4).  
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Fig.24 Web page of theory bases for experiment (4).  

\

Fig.25 Web page of solved example used in experiment (4).  

 

 

Fig.26  Web page of exercise for experiment (4). 

Fig.27  Web page of equations used in experiment (4). 
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Fig.28  Web page of self test questions applied in experiment (4). 

 

 

Fig.29 Web page of experiment (5). 
 

Fig.30 Web page of theory bases for experiment (5).  

Fig.31 Web page of solved example used in experiment (5). 
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Fig.32. Web page of exercise for experiment (5). 

 
 
 

Fig.33 Web page of equations used in experiment (5). 

Fig.34 Web page of self test questions applied in experiment (5). 
 

Fig.35 Web page of experiment (6).  
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Fig.36 Web page of theory bases for experiment (6).  

Fig.37 Web page of solved example used in experiment (6).  

Fig.38 Web page of exercise for experiment (6). 

Fig.39 Web page of equations used in experiment (6). 
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Fig.40 Web page of self test questions applied in experiment (6). 
 

 

Fig.41 Web page of experiment (7).  

Fig.42 Web page of theory bases for experiment (7).  

Fig.43 Web page of solved example used in experiment (7).  

 



 

Journal of Engineering Volume 17   April    2011      Number2   

 

299 

 

Fig.44 Web page of exercise for experiment (7). 

Fig.45 Web page of equations used in experiment (7). 

Fig.46 Web page of self test questions applied in experiment (7). 

   

on the FFT button.  

Fig.47 Web page of experiment (8). 
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Fig.48 Web page of theory bases for experiment (8).  

Fig.49 Web page of solved example used in experiment (8).  

Fig.50 Web page of exercise for experiment (8). 

Fig.51 Web page of equations used in experiment (8). 

Fig.52 Web page of self test questions applied in experiment (8). 
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Fig.53 Web page of experiment (9).  

Fig.54 Web page of theory bases for experiment (9).  

Fig.55 Web page of solved example used in experiment (9).  

Fig.56 Web page of exercise for experiment (9). 
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Fig.57 Web page of equations used in experiment (9). 

Fig.58 Web page of self test questions applied in experiment (9). 
 

 

Fig.59 Web page of experiment (11).  

Fig60  Web page of theory bases for experiment (11).  
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Fig.61  Web page of exercise for experiment (11). 

 

 
Fig.62Web page of solved example used in experiment (11).  

 

 

Fig.63  Web page of experiment (10).  
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Fig.64 Web page of theory bases for experiment (10).  

Fig.65 Web page of solved example used in experiment (10).  

Fig.66 Web page of exercise for experiment (10). 

Fig.67 Web page of equations used in experiment (10). 
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Fig.68 Web page of self test questions applied in experiment (10). 

 

 

Fig.69 Web page of equations used in experiment (11). 

Fig.70 Web page of self test questions applied in experiment (11). 

 
 

 

 

 

Table 1 Survey results  

Responses  
Survey Questions 

1 2 3 4 5 Mean Standard 
Deviations 

Q1- Was the virtual laboratory well organized?  0 0 0 2 13 4.86 2.22 
Q2- Were the learning outcomes clearly defined? 0 0 0 4 11 4.73 1.62 
Q3- Ran well on my computer? 0 0 0 1 14 4.93 2.99 
Q4- Loaded in a reasonable amount of time? 0 0 1 1 13 4.8 1.96 
Q5- Was virtual laboratory easy to navigate? 0 0 0 2 13 4.86 2.22 
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Q6- There were enough figures and solved examples? 0 0 0 6 9 4.6 1.19 
Q7- Is the virtual laboratory material of high quality? 0 0 0 5 10 4.67 1.37 
Q8- There were enough exercises?  0 0 0 2 13 4.86 2.22 
Q9- Was virtual laboratory easy to understand? 0 0 0 4 11 4.73 1.62 

Q10- Would be helpful in preparing for the hands on laboratory? 0 0 0 7 8 4.53 1.33 
Q11- Have you learned with this virtual laboratory? 0 0 0 2 13 4.86 2.22 
Q12- Would you recommend this laboratory to other students? 0 0 0 5 10 4.67 1.37 
Q13- Overall, how would you rate this virtual laboratory?  0 0 0 1 14 4.93 2.99 
Q14- Should have more images/text demonstrations?  7 5 0 3 0 1.93 1.5 
Q15- Helped me to feel more confident about the procedures? 0 0 0 4 11 4.73 1.62 
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ABSTRACT. 

Estimation of runoff volume and peak runoff is necessary for designing and operating the dams. One of the 

accepted models for estimating the runoff is HEC-1 model. Two methods were used in this study to estimate the 

runoff in Goizha-Dabashan watershed, 2.02 km2, Rational method and Soil Conservation Service curve number 

method (SCS-CN). Satellite image from Landsat-7 (ETM+) was used to develop land use and soil type maps. 

Watershed was delineated from DEM (http: //www.emrl.byu. edu/gsdu) with resolution 10 m with aid of WMS 7.1 

software. Runoff coefficient was calculated by inverse the Rational equation. Manual calibration was performed 

until the Nash-Sutcliffe coefficient gives the best results. Results showed that the runoff coefficient is 0.05 and the 

curve number value for conditions II and III are 75 and 80.5 respectively after calibration. Also, curve number 

method is better than Rational method for estimating the peak runoff discharge. 

  .الخلاصة

) . HEC-1( لتقدير السيح السطحي هو نموذج قبولةاحد اهم النماذج الم. تصميم وتشغيل السدودل ضروريروته ذتقدير حجم السيح السطحي و

تم ). SCS-CN(وطريقة ) Rational(وهما طريقة ، 2 آم2,02،دباشان - لتقدير السيح السطحي في حوض گويژةطريقتان تخدمتُفي هذه الدراسة اس

 نموذج بواسطةتم تحديد حوض النهر .  لانشاء خرائط استخدام الارض و نوع التربة)+Landsat-7 ETM( القمر الصناعي ةصوراستخدام 

عامل السيح السطحي تم ). WMS 7.1( م وبمساعدة برنامج 10 وبدقة (http: //www.emrl.byu. edu/gsdu) )DEM(الارتفاعات الرقمي 

نتائج هذه .  للحصول على افضل النتائجNash-Sutcliffe) ( معادلةم معايرة يدوية للمعادلات بواسطةاتم استخدو). Rational(حسابه بعكس معادلة 

.  على التوالي80,5 و 75لحالة الثانية والثالثة هو ل) CN( و مقدار رقم المنحني 0,05الدراسة اوضحت ان مقدار السيح السطحي لهذا الحوض هو 

 .في تقدير ذروة السيح السطحي) Rational(هي افضل من طريقة ) CN(قة رقم المنحني تبين ان طري، وآذلك
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INTRODUCTION. 
The Estimation of runoff from rainfall is 

critical for water resource management and 

hydraulical design. In the recent years, the use of 

remote sensing and Geographic Information System 

(GIS) technologies in runoff estimation from 

watersheds has gained increasing attention, because 

of a good runoff model has to include spatially 

variable geomorphologic parameters such as rainfall, 

soil characteristics, and land use change. 

In hydrologic analysis and design, it is often 

necessary to develop relations between precipitation 

and runoff, possibly using some of the factors 

affecting runoff as parameters. The relations between 

precipitation and runoff differ with the type of 

precipitation, the considering of the volume or peak 

or runoff, or the time distribution of runoff (Chow, 

1964). Hydrologic systems are generally analyzed by 

using mathematical models. These models may be 

empirical or statistical, or founded by known physical 

laws. In this study, SCS curve number model and 

Rational method were used to estimation the runoff 

in Goizha-Dabashan watershed.  

The purpose of this research is to demonstrate 

and evaluate the use of satellite imagery for obtaining 

the watershed and soil parameters, and to comparison 

these parameters with the measured values. Also, 

comparison the calculated runoff from SCS curve 

number with post results calculated by Deterministic 

optimization model and Artificial NEURAL Network 

model, and estimated the runoff coefficient value for 

Goizha-Dabashan watershed. 

PREVIOUS STUDIES. 

Barzinji, 2003 studied the hydrology, climate, 

and watershed management for 11 watersheds in Al-

Sulymaniah region, namely; Zalim, Chaqan, 

Chaq-Chaq, Dewana, Basara, Goizha-Dabashan, 

Smaquli, Halsho, Tanjaro, Shiranish, and Mawakan. 

He was focused in his study on Goizha-Dabashan 

watershed. He described it soils by excavated 16 

ponds, and he measured the infiltration rate in 15 

ponds. Also, he was constructed a gaging station in it 

to measure the runoff. 

Barzinji, 2007 developed a mathematical 

model (Deterministic Optimization model) to 

calculate the runoff during 2002 and 2006 for 

Goizha-Dabashan watershed. His model is based on 

water balance principles in which, the main input are 

precipitation, evaporation, base flow, and other 

requirement to run the optimization program. He was 

showed a good relation between calculated and 

observed runoff (correlation factor= 0.91). 

Al-Hamawandi, 2009 studied the rainfall-

runoff relationship by using Artificial Neural 

Network, ANN. He built different ANN watershed 

models (simple and complex) and tried using Walnut 

Gulch watershed. The instantaneous ANN model was 

applied also for Goizha-Dabashan. The results 

indicate the capability of the model to simulate the 

runoff-rainfall relationship with correlation 

coefficient 0.95. 

3. GOIZHA-DABASHAN WATERSHED. 
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Goizha-Dabashan watershed located in the 

north east of Iraq, in the north of Al-Sulymaniah city 

between 45°27´00" - 45°28´30" E (Longitude) and 

35°35´00" - 35°36´00" N (Latitude) as shown in Fig 

1. The watershed area is about (2.02km²); and its 

perimeter is 8.436 km. It was selected due to 

availability of its data such as; rainfall and runoff 

storms (10 storms), soil properties data, land use 

data, location of soil samples, location of 

infiltrometers, and other data.  

THEORITICAL BACKGROUND. 

SCS curve number model. 

The curve number, CN, method for estimating 

direct runoff response from rainstorms was developed 

to fill a technological niche in the 1950. Its popularity 

is rooted in its convenience, its simplicity, its 

authoritative origins, and its responsiveness to four 

readily grasped catchment properties: soil type, land 

use, treatment, surface condition, and antecedent 

condition (Ponce and Hawkins, 1996). Watersheds 

have a certain group of soil and fair pasture cover can 

be classified by various curve numbers. These curves 

are the relationship obtained between rainfall and 

runoff, as follows: 

F/S = Q/P         ……… (1) 

Where F = P - Q: is actual retention. 

            S: is potential retention.  

            Q: is actual runoff, and  

            P: is potential runoff that is total rainfall.  

The initial abstraction, Ia, is all losses before 

runoff begins. It included water retention in surface 

depression and intercepted by vegetation, infiltration, 

and evaporation. Ia was approximated by the 

following equation: 

Ia = 0.2 S    ………… (2) 

By subtracted Ia from rainfall P in equating (1) 

and solving for Q, yields:  

           ……… (3) 

Curve number value range from 0 to 100 and 

determined from the SCS tables, according to land-

cover, hydrologic soil group, treatment, and 

antecedent moisture condition (AMC). Hydrologic 

soil group is expressed as four groups (A, B, C, and 

D) according to the soil’s minimum infiltration rate 

(ASCE, 1996). AMC is expressed as three levels, 

according to rainfall limits for dormant and growing 

seasons (Viessman and Lewis, 2003). For application 

the curve number model, the watershed is divided to 

some areas principally by land-cover based area-

weighting of curve numbers. 

Rational Method. 

The rational method dates from the 1850 in 

Ireland and called the Lloyd-Davies method in Great 

Britain. It represents the relation between rainfall and 

peak runoff. This formula is called rational because 

the units of the quantities involving are numerical 

consistent approximately (Suresh, 2005). The 

Rational formula is: 

QP = 0.277 C I A      …….. (4) 

Where QP: is the peak flow in m3/s. 

             C: is the runoff coefficient varies from 0 to 1. 

               I: is the rainfall intensity in mm/hr. 

              A: is the watershed area in km2. 
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Estimates of the runoff coefficient are based on 

very limited data, but several studies have shown that 

is depends on the infiltration rate, surface cover, 

channel and surface storage and intensity of rainfall 

(Schwab, et al, 1966). The coefficient of runoff 

varies for different storms on the same catchment, 

and thus, using an average value C, only a crude 

estimate of QP is obtain , that may have wide margins 

of error (Shaw, 1983). 

WMS 7.1 Software. 

Watershed Modeling System, WMS, is a 

comprehensive environment for hydrologic analysis. 

It was developed by the Environmental Modeling 

Research Laboratory of Brigham Young University 

in cooperation with the U.S. Army Corps of 

Engineers Waterways Experiment Station. The 

current version, 7.1, is built at March 10 2005. The 

distinguishing difference between WMS and other 

applications designed for setting up hydrologic 

models like HEC-1 and TR-20 is its unique ability to 

take advantage of digital terrain data for hydrologic 

model development. WMS uses three primary data 

sources for model development: Geographic 

Information Systems (GIS) Vector Data, Digital 

Elevation Models (DEM), and Triangulated Irregular 

Networks (TIN). 

HEC-1 Model. 

The HEC-1, Flood Hydrograph Package, 

computer program was designed to simulate the 

surface runoff response of a watershed to 

precipitation by representing the basin as an 

interconnected system of hydrologic and hydraulic 

components. Each component models an aspect of 

the precipitation-runoff process within a portion of 

the basin, commonly referred to as a subbasin. 

The model components function based on 

simple mathematical relationships which are intended 

to represent individual meteorologic, hydrologic and 

hydraulic processes that comprise the 

precipitation-runoff process. These processes are 

separated into precipitation, interception and 

infiltration, transformation of precipitation excess to 

subbasin outflow, addition of base flow and flood 

hydrograph routing. 

WATERSHED DELINEATING. 

WMS software provides a powerful tool to 

delineate the boundary of any watershed. DEM file 

represents the base layer to delineate the watershed. 

It was obtained from website (http: //www.emrl.byu. 

edu/gsdu) with resolution (10m) and treated with aid 

of Global Mapper 8 program. The first step to 

delineate the Goizha-Dabashan watershed is 

pinpointing the location of the outlet, thus; the Global 

Position System tool, GPS, was used to obtain the 

coordinates of the watershed outlet and its boundary. 

After that, the direction of water entering through the 

watershed was drowned. This step was accomplished 

by creating a flow direction file, with aid of WMS 

Software. This software examines each cell in the 

DEM file and determines the direction of flow for 

that particular cell based on the elevations of the 

eight neighboring cells. The watershed was 

delineated by assigning the outlet cell in the stream 

flow file. The WMS Software examines the flow 

direction file to determine which cells will eventually 

flow through the outlet cell, as shown in fig. 2. 
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The watershed characteristics such as basin 

area, basin perimeter, basin slope, max flow distance, 

basin shape factor, elongation ratio, and etc. were 

calculated from the DEM file and with aid of WMS 

Software after delineating the watershed boundary. 

However, the time of concentration was computed by 

using Kirpich equation and as follows: 

Tc = 0.02 L0.77 Y-0.385 ……………...…. (5) 

Where Tc: is the time of concentration in min. 

                L; is the maximum length of flow in m, and  

                Y: is the watershed gradient in meter per 

meters, or the difference in elevation between the 

outlet and the most remote point divided by the 

length, L. 

REMOTE SENSING WORKS. 

Generally, the remote sensing works can be 

summarized as follows: 

• Selecting the satellite image. 

• Layer stack. 

• Image subset. 

• Image classifying. 

The satellite image for Al-Sulymaniah city was 

obtained from sensors Landsat-7 Enhanced Thematic 

Mapper Plus (ETM+). It contained nine bands with 

resolution equal to 14.25m. Layer stack is combining 

the bands together of an image to obtain a 

combination image and to facilitate the analyzing it. 

The satellite image for al-Sulymaniah city was 

very large and includes area outside the Goizha-

Dabashan watershed. Therefore, the subset operation 

was used to reduce the image size file. 

The process of categorizing pixels into broader 

groups is known as Image classification. The 

advantage of classification is to allow cost-effective 

mapping of the spatial distribution of similar objects 

(i.e. tree types in forest scenes); a subsequent 

statistical analysis can then follow (Walsh, 2003). 

IMPLEMENTATION OF SCS MODEL 

PARAMETERS. 

SCS Curve number model depends only on 

one parameter, because the other parameters, initial 

abstraction and potential maximum retention, are 

related directly with the curve number. To determine 

the curve number values, information about the soil 

types, land use, land treatment, and hydrologic 

condition must be known. Soil types were determined 

according to its basic infiltration rates which result 

from the infiltrometers. Musgrave (1955) was given 

the following values of basic infiltration in cm per 

hour for the four hydrologic soil groups: A, more 

than 0.76; B, 0.38 to 0.76; C, 0.13 to 0.38; D, 0.13 or 

less. Land use description, treatment, and the 

hydrologic condition were taken from Barzinji study 

in 2003. The study area was divided to 15 regions 

utilizing remote sensing results. Each region has 

individual curve number value, the composite curve 

number was calculating as: 

CNc = ∑ CNj Aj' ………… (6) 

Where CNc: is the composite curve number. 

           CNj: is the curve number value for region j, 

and 

             Aj': is the weighted area for the same region. 

COMPUTATION OF RUNOFF. 

Rainfall distribution is representing the first 

step for HEC-1 model to identifying the rainfall as 

hyetograph. Rainfall distribution was constructed for 
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each rainfall storm by plotting accumulative rainfall 

depth against time and dividing it by the total depth. 

Land surface interception, depression storage and 

infiltration are referred to in the HEC-1 model as 

precipitation losses. The precipitation loss calculation 

can be used with either the unit hydrograph method 

or kinematic wave method. In this study, the unit 

hydrograph method was used. The average 

precipitation loss was determined for each time 

interval and subtracted from the rainfall hyetograph 

as. The resulting precipitation excess was used to 

compute an outflow hydrograph for the watershed. 

The required parameters for SCS curve number 

methods in HEC-1 mode are: 

• Ia: Initial rainfall abstraction. If value is 0, 

then it will be computed as 5080/CN – 50.8. 

• CN: SCS curve number value for overall 

watershed (composite value). 

• RTIMP - Percentage of drainage basin that is 

impervious. In the study area, there is no 

impervious area. 

The volume of runoff which calculated in the 

previous step was transformed to hydrograph by 

using the unit hydrograph method. SCS 

dimensionless unit hydrograph method was used in 

this study. HEC-1 model automatically sets the 

duration of unit excess equal to the computation 

interval selected for watershed simulation. Input data 

for the SCS dimensionless unit hydrograph method in 

HEC-1 Model consists of a single parameter, TPEAK, 

which is equal to the lag between the beginning of 

runoff and the peak of the unit hydrograph. Peak flow 

is computed as: 

QP = 2.08 × A / TPEAK     ………. (7) 

Where, TPEAK is the time to peak of unit 

hydrograph in hours, QP is the peak flow of unit 

hydrograph in m3/s/cm, and A is the watershed area 

in km2.  

ESTIMATION OF RUNOFF 

COEFFICIENT. 

The default procedure for calculating the 

runoff coefficient cannot be used, because there are 

only 10 storms, and its return period is unknown and 

cannot calculated. Therefore, the runoff coefficient 

was calculated by inverse the Rational method, where 

the maximum intensity was used in this formula with 

duration equal or greater than time of concentration. 

This procedure was used to calculate the runoff 

coefficient for 20 storms; each storm has an 

individual value according to its return period. The 

average value of it was obtained, and supposed as the 

runoff coefficient for the Goizha-Dabashan 

watershed. 

VERIFICATION AND VALIDATION 

Model validation includes initial data 

collection and subsequent model calibration. 

Sufficient data must be collected and analyzed to 

define the characteristics of the model domain (e.g., 

flows, pressures, precipitation, runoff coefficients, 

etc.). Model validation includes the comparison of 

the model results with a data set different from the 

calibration data set and, if the comparison is not 

satisfactory, the recalibration of the model using both 

sets of data (Adrien, 2004). For SCS curve number 

model, it was used for the curve number value to 
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obtain the best fit of the calculated hydrograph as 

comparison with observed hydrograph. The curve 

number value (composite value) for the conditions II 

and III were changed to give the best results. For 

Rational method, this process was used to verifying 

the runoff coefficient. The storms number nine and 

two was neglected in the verifying because it was 

assumed as extreme value. Nash model was used to 

test the fitting of the results as follows: 

Nash =           ….. (8) 

Where Qc: is the calculated value. 

           Qo: is the observed value, and 

          Q'o: is the mean of observed values. 

RESULTS AND DISCUSSION. 

Watershed properties (watershed 

characteristics) involved area, shape, slope, etc. and 

the watershed morphology which consists of 

elongation ration, circulation ratio, etc. These 

parameters were computed to comparison the DEM 

results and field results (Barzinji, 2003) which 

calculated by taken GPS coordinates and measuring 

the area by the planimeter, while he was measured 

the perimeter and channels length by chartometer, as 

shown in table 1. It is notice from this table; all error 

is not excess 10%, excepted the average watershed 

slope and centroid stream distance. So, the DEM with 

resolution 5 m gives accepted results by comparison 

with field results. 

On the other hand, supervised classification 

was used to classify the land use and soil type of the 

study area, as shown in figures (3) and (4). It is 

notice from figures (3); the range land is covering 

most the watershed (44%) as opposite of the vine 

grape land (16%). However, figure (5) shows the 

comparison between Remote sensing results and field 

(Barzinji, 2003) results. It is obvious from this figure; 

there is no high difference in the two results for land 

use and soil texture excepted in range land (10.1%).  

Table 2 shows the value of curve number for 

the 15 regions. The value of curve number depends 

on four factors; hydrologic soil group, treatment, land 

use, and hydrologic condition. The distribution of 

land used and soil type was obtained from the 

satellite image by using supervised classification as 

shown in Fig. 3  and Fig. 4. The soil type was 

computed according to its basic infiltration rate. So 

the watershed area was divided to 15 regions which 

equal the number of infiltrometers. 

 

Runoff Hydrograph and Runoff 

Coefficient. 

Runoff of Goizha-Dabashan watershed was 

computed with aid of HEC-1 model. The data 

required to the model are, distribution and depth of 

rainfall, base flow, loss method parameters, and unit 

hydrograph parameters. Figures (1 to 10) in 

Appendix A show the runoff hydrograph for storm 

number 1 to storm 10. However, Runoff coefficient 

was calculated for 10 storms by inversed the rational 

formula. Each model has individual runoff 

coefficient due to the return period of the storm, as 

shown in table 3. 

The calculated runoff by using SCS-CN 

method showed an error in it; also, runoff coefficient 

resulted from Rational method showed there is a 
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fluctuation in values of runoff coefficient for the ten 

storms, so optimization process is used to reduce this 

error. 

CALIBRATION AND VERIFICATION. 

Calibration process was used to one parameter 

in each model trial and error method. For SCS curve 

number model, the optimum value for condition II 

and condition III were obtained from the first 6 

storms and verified for the last 4 storms. Condition 

III was used if the last storm not exceeded ten days. 

The value of runoff coefficient is 0.05 after 

calibration and verification. Storm number nine was 

neglected from the verification process because it 

was assumed as extreme value or it return period is 

high (runoff coefficient increase with increasing the 

return period and vice versa). 

CONCLUSIONS. 

• In the light of this study, the following steps 

can be concluded: 

• The difference between DEM results (with 

10m resolution) and field results for the 

watershed properties are not excess 10%, 

excepted average watershed slope (14.03 %) 

and centroid stream distance (19.10%). 

• There is no high difference between remote 

sensing results and field results for land use, 

excepted in range land (the difference is 

10.1%). 

• The calculated composite values of curve 

numbers for Goizha-Dabashan watershed are 

50.2, 69.5, and 83.3 for conditions I, II, and 

III respectively. While, the optimum values 

for conditions II and III are 75 and 80.5 

respectively. Also, the optimum runoff 

coefficient is 0.05. 

• If the SCS curve number model is used 

without optimized its parameters values, it 

may cause some error in runoff. 

• SCS curve number model is better than 

Rational method in estimation of peak runoff 

discharge. 

• The Values of Nash model for SCS-CN, 

Barzinji (2007), and ANN models are 0.909, 

0.907 and 0.964 respectively, therefore; 

ANN is the best with 1 storm failed. And 

SCS-CN model is better than Barzinji model. 
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Fig. 1: Location of Goizha-Dabashan watershed in Al-Sulymaniah city. 

 

 
Fig. 2: Streams flow and boundary of the watershed. 
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Table 1: Comparison for the watershed properties results... 

Parameter Name 
DEM 

Results 
Field 

Results Unit 
Percent of 

Error Equation 

Area 2.02 2.014 km2 0.3  - 
Average Basin Slope 0.126 0.11 m/m 14.03  - 
Max Flow Distance 3.2 3 km 6.67  - 

Centroid Stream Distance 1.44 1.78 km 19.1  - 
Watershed Length 2.47 2.43 km 1.89  - 

Watershed Perimeter 6.75 6.63 km 1.81  - 
Elongation ratio 0.65 0.65 - 0  = (4 A / π) 0.5 / L 
Circulation ratio 0.55 0.56 - 1.79 = A / Ac  

Compactness ratio 1.34 1.31 - 2.29 = Pb / (2 √πA)  
Form factor 0.32 0.34 - 3.52 = A / L2  

Maximum Elevation Difference 452 482 m 6.22  - 
Relief ratio 0.182 0.198 - 8.08  ∆H/L 

Time of Concentration 21.6 24 min 10 = 0.02 L0.77 Y-0.385  
* Percent error = |RDEM – RBarjinji|/ RBarjinji ×100 % 
* A: watershed area. 
* L: the maximum watershed length. 
* Ac: the area of a circle has the same perimeter. 
* Pb: is the perimeter of the watershed. 
* Y: is the watershed gradient. 

 
                       Fig. 3: Land use map.                                               Fig. 4: Soil type map. 
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Fig. 5: Percent and total area of land use for Goizha-Dabashan watershed. 

Table 2: Curve number values for the study area. 
Zone 
No. Land use Area 

(ha.) 
Weighted 

Area 
Soil 
Type Condition Treatment CN II CN I CN III 

1 Range 6.158 0.03 D Good - 71 50.7 84.9 
2 Range 2.803 0.014 D Good - 71 50.7 84.9 
3 Range 14.151 0.07 D Good - 71 50.7 84.9 
4 Range 29.881 0.148 D Good - 71 50.7 84.9 
5 Range 11.486 0.057 D Good - 71 50.7 84.9 
6 Range 18.217 0.09 C Fair - 73 53.2 86.1 
7 Range 6.276 0.031 D Poor - 89 77.3 94.9 
8 Forest 6.434 0.032 B Good Contoured 58 36.7 76.1 
9 Forest 9.927 0.049 A Good Contoured 32 16.5 52 

10 Forest 4.993 0.025 C Good Contoured 72 51.9 85.5 
11 Forest 24.651 0.122 B Good Contoured 58 36.7 76.1 
12 Small Grain 12.532 0.062 B Poor Contoured 74 54.4 86.7 
13 Small Grain 21.848 0.108 C Poor Contoured 82 65.7 91.3 
14 Vine Grape 7.401 0.037 B Poor Contoured 73 53.2 86.1 
15 Vine Grape 25.243 0.125 B Poor Contoured 73 53.2 86.1 

 

Table 3: Nash model Values for the three models, and rainfall depth for each storm. 

Storm No 1 2 3 4 5 6 7 8 9 10 Mean 
CN Model 0.918 0.95 0.958 0.93 0.7 0.88 0.98 0.988 0.83 0.957 0.909 

Barzinji, 2007 
Model 0.786 0.702 0.954 0.911 0.936 0.964 0.927 0.982 0.951 0.964 0.907 

ANN Model 0.938 0.968 0.95 0.985 0.844 0.994 1 1 1 Failed 0.964 
Rainfall Depth 

(mm) 21.4 18.9 19.65 13.9 16.4 22 14.8 30.3 40 18  
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Fig. 6: Observed and calculated peak runoff. 

APPENDIX A: RUNOFF HYDROGRAPHS. 

 
Fig. 1: Observed and calculated runoff for storm Fig. 2: Observed and calculated runoff for storm 2 
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Fig. 3: Observed and calculated runoff for storm 3   Fig. 4: Observed and calculated runoff for storm 4 

 
Fig. 5: Observed and calculated runoff for storm 5   Fig. 6: Observed and calculated runoff for storm 6 

 
Fig. 7: Observed and calculated runoff for storm 7   Fig. 8: Observed and calculated runoff for storm 8 
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Fig. 9: Observed and calculated runoff for storm 9 Fig. 10: Observed and calculated runoff for 
storm10 
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ABSTRACT  

Electrochemical processes can provide valuable contributions to the protection of the 
environment through implementation of effluent treatment and production-integrated processes for the 
minimization of waste and toxic compounds. 

The performance of a novel pilot scale, batch re-cycled, flow-through cell, with stainless steel tubes 
bundle cathode in the removal of cadmium was investigated utilizing the potential results obtained from a 
batch mode. The studied electrochemical reaction was the cathodic reduction of Cd+2 using 0.5 M sodium 
sulphate as supporting electrolyte.  The analyzed parameters were different initial Cd+2 concentrations (50, 
100, 200, 300, 400 ppm) and different electrolyte flow-rates (100, 200, 250, 300, 350 L/hr), the tubes 
number was 920 of 0.6 cm diameters. 

The overall empirical mass transfer correlation was found to be:  

       3/1859.0Re051.0 ScSh =                                                    
        For  5 < Re <  20    and     Sc = 649 
  Experimental results, analysis and correlations showed good performance of the cell and proved its 

adequacy in the removal of Cd+2 from simulated effluents. 
 

ــلاصـــــــــــــــة   الخ
تحقق العمليات الكهروآيميائية مشارآة فاعلة في الحفاظ على البيئة من خلال معالجة المياه العادمة و عمليات الانتاج المتكاملة 

  .الهادفة الى تقليل المخلفات و المرآبات السامة
ت المستمر وخلية جريان متوازية، قطبها السالب عبارة عن تمت دراسة آفاءة اداء منظومة ريادية مستحدثة، تعمل بنظام شبه الدفعا

  . حزمة من الانابيب الفولاذية، في ازالة الكادميوم، وباستخدام الجهد الكهربائي الذي تم الحصول عليه من نظام الدفعات
 0.5(دام محلول سلفات الصوديوم التفاعل الكهروآيميائي الذي تمت دراسته هو الاختزال الكاثودي لايونات الكادميوم الثنائية باستخ

 جزء في 400، 300، 200، 100، 50( تراآيز مختلفة لايونات الكادميوم م اعتمادها للتحليل هيالمؤشرات التي ت. آألكتروليت مساعد) مولار
 . سم0.6باقطار و  920بعدد آانت ، انابيب الكاثود )ساعة/ لتر350، 300، 250، 200، 100( محاليل بمعدلات جريان مختلفة و) المليون

 :    تم ايجاد علاقة ارتباط تجريبية لخواص انتقال الكتلة للخلية الكهروآيميائية و آما يلي

                                       3/1859.0Re051.0 ScSh =  
  Sc = 649     و    Re <  20 > 5  :                               للمدى التالي

اظهرت نتائج التجارب والتحليل المختبرية، اضافة الى علاقات الارتباط التجريبية، اداء جيد للخلية المستخدمة وملاءمتها لازالة          
 .الكادميوم من المياه العادمة المختلقة

  .Tubes bundle,   Cadmium,   through cell-Flow,   Electrochemical   : KEYWORDS 
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INTRODUCTION 
 With a rapidly growing world population 
and an increasing number of reports on 
detrimental effects on the environment, its 
protection has become a major issue and a crucial 
factor for future technological progress, which 
will have to meet the requirements for sustainable 
development. The strategies for environmental 
protection in industry generally include processes 
or products which have no or less harmful effects 
on the environment. Electrochemistry has 
important roles to play in these strategies; 
industrial electrochemistry has undergone 
developments towards cleaner processes and more 
environmentally friendly products. [Simonsson, 
(1997)]. 
 Cadmium is a toxic and bio-persistent 
element and, once absorbed by an organism, 
remains resident for many years although it is 
eventually excreted. In humans, long-term 
exposure is associated with renal dysfunctions. 
High exposure can lead to obstructive lung 
disease and has been linked to lung cancer. 
[Lenntech, (2009)]. 
 The electrolytic method for the removal of 
heavy metals from aqueous media by using 
porous electrodes of various geometric shapes and 
materials, with flowing solutions, represents a 
successful reactor which presents high mass-
transfer conditions. [Tramontina, (2002)]. 
 
EXPERIMENTAL WORK  

The performance of a novel pilot scale 
flow-through cell, with stainless steel tubes 
bundle cathode was studied. Potential values over 
which cadmium is controlled by mass transfer, 
was obtained from a rotating disc electrode from 
previous experiments  [Al-Shalchi, (2010)], a 
value of  -1 V was applied for the removal of 
cadmium from a synthetic solution in the batch re-
circulation mode. 
 The catholyte solution used was a 0.5 M 
sodium sulphate with different concentrations of 
cadmium sulphate. Electrolytes with cadmium 
concentrations of (50, 100, 200, 300 and 400 
mg/L) were prepared in the 0.5 M sodium 
sulphate used as supporting electrolyte. The bulk 
pH was adjusted to a value of 4.8. The anolyte 
used had the same composition as the catholyte, 
but without the presence of cadmium. 

The catholyte and anolyte flow-rates used 
were (100, 200, 250, 300, 350 L/hr). 

The novel pilot scale electrochemical 
reactor used had an overall dimension of 
(25×25×17) cm; it was made from four Teflon 
discs. A silicon rubber layer of (1 mm) thickness 
was placed between each two disks to prevent the 
electrolyte leakage. The main cell compartments 
are the cathode chamber and the anode chamber.  

The cathode was a configuration of tubes 
bundle consisting of 920 stainless steel tubes of 
0.6 cm outer diameters and 0.4 cm inner diameters 
arranged on a fixed perforated stainless steel plate 
inside a disc of 20 cm diameter in triangular pitch 
arrangement; and the anode was made of a 
graphite disc of 14 cm diameter and 2 cm 
thickness. Figure (1) illustrates a sectional sketch 
of the tubes bundle electrode. 
 The pilot flow system used, operating under 
batch re-circulating conditions, consisted in 
addition to the electrochemical cell, the catholyte 
and anolyte porcelain reservoirs, two recirculation 
pumps, and two sets of flow meters for measuring 
the catholyte and anolyte flow rates. Figure (2) 
illustrates the schematic diagram of the pilot plant 
flow system. 

At time intervals of 15 minutes, catholyte 
samples were taken from the catholyte reservoir in 
order to be analyzed for Cd+2 concentrations by 
using Atomic Absorption. 
 
RESULTS AND DISCUSSION 

The performance of a novel pilot scale, 
batch re-cycled, flow-through cell, with stainless 
steel tubes bundle cathode in the removal of 
cadmium was examined by utilizing the potential 
results obtained from previous batch mode 
experiments, it was equal to -1 V.  

 
Effect of Initial Concentration 

Experiments were carried out to study the 
removal rate of Cd+2 from solutions of different 
Cd+2 initial concentrations with catholyte and 
anolyte flow rate of 250 L/hr. 
Figure (3) shows the curves of normalized Cd+2 
concentration (c(t)/co) as a function of time for 
different cadmium initial concentrations (50, 100, 
200, 300, 400 ppm). As expected, cadmium 
concentration decays exponentially with time. It 
can be seen the trends and behaviors of the curves 
for the different Cd+2 concentrations are the same.  
 

Plotting the logarithmic normalized 
concentration ln(c(t)/co) as a function of time, 
Figure (4), gives linear relationships; the slopes 
of the straight lines were used to estimate the 
mass transfer coefficients by using eq. (1). This 
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equation is for a batch-recycle mode electrolysis 
process carried out under mass transfer control: 
[Bertazzoli, (1998)]. 

t
TV

eAmkeV
c

tc −=)
0

)(ln(             (1)                                        

Where: 
              km = mass transport coefficient cm s-1 
 VT = volume of electrolyte cm3 
 Ve = overall electrode volume cm3 
 Ae = electrode area per unit electrode 

volume cm-1 
               t   = time s 

     c0  = initial concentration ppm 
     c(t) = concentration at time (t) ppm 
 
Since (Ve) and (VT) are known parameters 

and (Ae) is calculated; then (km) can be estimated 
from the above equation. 

 
The estimated values of (km) were plotted 

against the bulk Cd+2 concentrations; Figure (5). 
It can be seen that the mass transfer coefficient is 
inversely proportional to the Cd+2 concentrations. 
 
Figure (5) shows higher values of mass transfer 
coefficient with lower values of bulk Cd+2 
concentrations, this is attributed to the hydrogen 
evolution, which is the predominant cathodic 
reaction at low values of the inlet cadmium 
concentration. 
 In order to find the mass of Cd+2 
deposited with time, a mass balance was 
conducted on three different initial concentrations 
of cadmium solutions (50, 200, 400 ppm). Figure 
(6) illustrates the mass deposition of cadmium as a 
function of time. The resulted curves are also 
exponential with time. 
 
Effect of Electrolytes Flow Rate 
 Experiments were carried out to study the 
influence of flow rate of catholyte on the removal 
rate of Cd+2 from solutions with initial 
concentration of 200 ppm. 

Figure (7) shows the curves of normalized 
Cd+2 concentration (c(t)/co) as a function of time 
for different catholyte flow rates (100, 200, 250, 
300, 350 L/hr). As expected, cadmium 
concentration decays exponentially with time. It 
can be seen that higher flow rates enhance the 
removal of Cd+2. This behavior is attributed to 
greater rates of mass transport of Cd+2 with 
increased electrolytes flow rates, which reduce the 
thickness of the boundary layer for mass transfer.  

 

Plotting the logarithmic normalized 
concentration ln(c(t)/co) as a function of time, 
Figure (8), gives linear relationships. Following 
the same previous procedures, values of (km) were 
calculated for each flow rate. 
 
Mass Transfer Correlations 
 Mass transfer coefficients estimated from 
the series of experiments on different flow rates 
were fitted to find an empirical correlation of 
dimensionless Sherwood number for the tubes 
bundle cathode under the medium and conditions 
of the experiments. 
 Starting from the typical mathematical 
relationship for dimensionless Sherwood number, 
which is suitable for electrolytic reactors design: 

 3/1Re ScnmSh =                    (2)  
And the so called jD factor correlation: 

  3/11Re −−= ScShDj              (3) 

Where: 
Sh = kmde / D        Sherwood number  
Re = uεde / ν          Reynolds number  
Sc = ν / D              Schmidt number 
uε  = u / ε               characteristic flow 

velocity 
         D                           diffusion 

coefficient cm2 s-1 

ε                             porosity 
de                           equivalent diameter (a 

characteristic length) 
ν                             kinematic viscosity m2 s-

1 
m and n                 empirical constants 

dependent on the geometry of the 
system  

                              [Pletcher, (1991)]. 
    
The following correlation is obtained:        

3/1859.0Re051.0 ScSh =         (4) 
                                   

   for  5 < Re <  20    and     Sc = 649 
(calculated from batch mode) 
 
This obtained correlation is of good agreement 
with [Pickett, (1979)] : 

   3/18.0Re023.0 ScavSh =  

It can be used for different reactor geometries 
providing that the relevant equivalent diameter is 
correctly formulated:  
                                                 
Table (1) lists the data used for the analysis. 
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Figures (9) and (10) summarize the Sherwood – 
Schmidt – Reynolds and jD correlations, with 
(CR=0.996) and (CR=0.95) respectively. 
 
CONCLUSIONS  
Conclusions 
• The performance of the stainless steel tubes 

bundle electrode, operating in the batch re-
circulated mode, was successful in the 
removal of Cd+2 from simulated wastewater. 

• The mass transfer coefficient increased with 
lower values of bulk Cd+2 concentration, due 
to hydrogen evolution; the mass transfer 
coefficient was correlated with the bulk 
concentration of Cd+2  in sodium sulphate. 

• The mass transfer coefficient increased with 
higher flow rates, due to the reduction in the 
boundary layer thickness; the mass transfer 
coefficient was correlated with the electrolyte 
velocity.  

• The overall empirical mass transfer 
correlation was found to be:  

     3/1859.0Re051.0 ScSh =                                                    
       for  5 < Re <  20    and     Sc = 649 

 Which is in good agreement with literature. 
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                                    Figure (1) Sectional sketch of the tubes bundle electrode 
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   Figure (2) Schematic Diagram of the Pilot Plant Flow System 
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Figure (3) Normalized concentration (c(t)/co) as a function of time for removal of different 

Cd+2 concentrations and flow rates 250 L/hr 
 
 

 

 
Figure (4) Linearization of normalized concentration as a function of time for different Cd+2 

concentrations and flow rate of 250 L/hr 
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Figure (5) Variation of mass transfer with bulk Cd+2 concentrations 

 
 
 

 
Figure (6) Mass deposited of cadmium with time for different Cd+2 concentrations and at flow rate of 

250 L/hr 
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Figure (7) Normalized concentration (c(t)/co) as a function of time for Cd+2 removal for different flow 

rates and Cd+2 concentration of 200 ppm 
 

 

 
Figure (8) Linearization of normalized concentration as a function of time for different flow rates and 

Cd+2 concentration of 200 ppm 
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 Table (1) Data used for calculations of dimensionless numbers and Cd+2 concentration of 200 

ppm   

Parameters Flow Rates 
(L/hr) 

105 D (cm2 s-1) 1.127 100 

102 ν (cm2 s-1) 0.731 200 

Schmidt number 649 250 

Porosity 0.583 300 

Equivalent diameter (de) 
(cm) 0.27 350 

 

 
Figure (9) Sherwood-Reynolds correlation for Cd+2 concentration of 200 ppm 
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Figure (10) jD factor-Reynolds correlation for Cd+2 concentration of 200 ppm 
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PROJECTS COST ESTIMATION 
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ABSTRACT 
This work presents a neural network based cost estimating method, developed for the generation 
of conceptual cost estimates for total building and electromechanical systems in building project, 
by using eight parameters available at the early design phase. This model establishes a 
methodology that can provide an economical and rapid means of cost estimating. Eighteen High 
rise building projects, built between 1996 and 2009 in Middle East countries used in this study. 
The performance of developed cost models was tested against costs incurred by projects not used 
in training of those models. Results show the mean absolute percentage errors (MAPE) are 
between 1.51% and 4.771% for the five networks, and the maximum/minimum deviation of the 
cost estimation is 10.2/0.17. These figures considered good cost estimation at the early design 
stage. 
 

  الخلاصة
التي تتضمن . الاصطناعية على تقنية غير تقليدية و هي الشبكات العصبية اعتماداتقدم هذه الرسالة نموذجا عمليا لتخمين الكلفة 

و بألإعتماد على ثمانية عناصر ،  لكلف المنظومات الميكانيكية و الكهربائيةبالإضافةلفندقية الكلفة الكلية لبناء ألأبراج السكنية و ا
 هذه الشبكات ثمانية اختبارو قد أستخدم لغرض تدريب و ، تصف حجم المشروع و خصائصه متوفرة في أوائل مراحل التصميم

 ألاصطناعيةتعتبر الشبكات العصبية  .2009و 1996بين عشر مشروعا حقيقيا مبنية آلها في دول الشرق ألأوسط في الفترة ما 
 في إدارة الكلف و لكفاءتها ألبحث ا في هذاستخدمتوقد ، فرع من الذآاء الصناعي و تطبيقات علوم الحاسبات الحديثة

 أعطاها إمكانية مما، المعلومات للتطبيقات الهندسية و لإنها تعتمد في بنائها و تدريبها على معلومات واقعية لمشاريع حقيقية
) التخطيط و التصميم  ( ألابتدائيةو من المعلوم إن تخمين آلف المشاريع في ألأطوار  .تعميمها لتخمين آلف مشاريع جديدة

 القرارات الحاسمة في الوقت المناسب و خصوصا في ظل التنافس العالمي بين اتخاذأصبح هو العنصر المحدد و ألأساسي في 
إن آفاءة النموذج المقدم  . من هذه المشاريعالمجنبةالعالمية و المحلية و آذلك تقليل من نسب ألأرباح الشرآات و المؤسسات 

 للشبكات ألاختباراتو قد أظهرت نتائج ،  من خلال تطبيق معلومات لمشاريع لم تدخل في عملية تدريب الشبكاتاختبرت
آما إن أعلى و أقل خطأ لكل حالة على إنفراد آان ،  للخطأ آمعدل المطلق للنسبة المئوية)% 4.77 -1.51(الخمسة ما بين 

  .و هي تعتبر نتائج جيدة إذا ما قورنت بالطرق التقليدية، على التوالي)% 0.17 و 10.2(
 
KEYWORDS: Neural Network, Cost Estimation, Project Management, Functional 
Analysis, Artificial Intelligence. 
  
 



Zouhair Al-Daoud                                                         Neural Network Application For Building 

 Ali Mohamed Humod                                               Projects Cost Estimation                             

 

332 
 

INTRODUCTION 
Cost is one of the major criteria in decision 
making at the early stages of a project 
design process. In today’s globally 
competitive world, diminishing profit 
margins and decreasing market shares, cost 
control plays a major role for being 
competitive while maintaining high quality 
levels. The cost of a project has a significant 
effects by decisions made at the design 
phase. While this influence decreases 
through all phases of the building project, 
the committed costs increase. Increasing 
project costs render effective and efficient 
decision making on cost issues a necessary 
for designers. To this end, designers use a 
number of cost estimating techniques and 
intuitive judgments by utilizing both their 
experience and data from previous projects 
[Duncan, 1996], [US. Department of 
Defense,1995] & [CII,1998]. 
The most important thing you can do to 
enhance a project's value is to include the 
right professionals for a project as early in 
the design process as possible. If you look at 
the following Cost Influence Curve Fig.1, 
you will notice that the time to achieve 
significant cost savings is before 
construction begins [Kellogg & 
Kimsey,2008]. 
 
Several cost estimating methods for the 
different phases of a project like; 
Preliminary cost estimate, Elemental 
(functional analysis) estimate, Unit price 
estimate, Detailed cost estimate, Parametric 
cost estimates and others [R.S. 
Means,1997], [Ayed,1997] & 
[Evans1,2007]. 
Traditional cost estimating procedures 
follow a quantity take off, while 
comparative cost estimating relies on 
parameters such as type, size, and capacity 
of project. While traditional cost estimating 
makes use of plans and specifications, 
comparative cost estimating assumes a 
relationship between the final cost and the 

basic design variables of the project 
[Evans1,2007]. 
Developments in computer and software 
technology have facilitated novel 
approaches for cost estimation. By the 
emergence of Artificial Intelligence (AI) 
tools (i.e., neural networks), possible 
multi- and non-linear relationships can 
now be investigated. Methods involving 
the new technology yield results that are 
both more realistic and accurate vis-à-vis 
real life conditions. 
 
ARTIFICIAL NEURAL NETWORK 
Neural network is an artificial intelligence 
model originally designed to replicate the 
human brain’s learning process. The model 
consists of three main layers: input data 
layer (example the property attributes), 
hidden layer(s) (commonly referred as 
“black box”), and output layer (results), see 
Fig.2 Neural network is an interconnected 
network of artificial neurons with a rule to 
adjust the strength or weight of the 
connections between the units in response to 
externally supplied data [Flood,1994]. 
 
Fig. 3 and eq. (1) show the neural 
network structure and training equation 
of the feed-forward neural network. 
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                                                          (1)  
Where Yk : network output  
f& g: transfer function of the hidden and 
output layer, respectively. 

Xi: network input   
 i: input layer 

wij: weight to layer j from layer I j: 
hidden layer 

wjk: weight to layer k from layer j k: 
output layer 
Si: bias from layer i to layer j 
Sj: bias form layer j to layer k 
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NEURAL NETWORK MODEL 
Current practice indicates the generation of 
five types of cost estimates:  

• Total cost of the project;  
• Cost of plumbing system;  
• Cost of heating, ventilation and air 

conditioning system (HVAC); 
• Cost of fire protection system; 
• Cost of electrical system. 

Accordingly, five neural network models 
were developed. Each network has the same 
inputs shown in table (1). 
 
APPLICATIONS 

a) Data 
Eighteen High-rise building projects, built 
between 1996 and 2009, were collected over 
a four-month period, from Dar Al-Handasah 
– Shair and partners- for consultant 
engineering, the second rated international 
design firms in hotels and general building 
in 2006 according to ENR [ENR,2006]. 
Sample of projects data shown in table (2). 
 

b) Training and testing of the neural 
network model 

The data sample (eighteen projects) divided 
into two subsets: training, and test. These 
sets contained, respectively, 78%, and 22%, 
of the project cases considered in the data 
sample. The data extraction performed 
randomly. The training set used for training 
of each network. The test set used to check 
the performance of the learning process, 
during the network's training.  
The network had not seen those cases during 
its training. Performance primarily measured 
against the accuracy observed in the 
production set. Once the networks were 
performing with an acceptable percentage of 
error, they considered trained and ready to 
assist the user in generating cost estimates. 
For the problem at hand, Matlab-NN tool 
box employed for its ease of use, Speed of 
training, and for its host of Neural Network 

architectures including back propagation, 
with flexible user-optimization of training 
parameters. NN tool box includes a 
simplified set of procedures for building and 
executing a complete, powerful Neural 
Networks application. The user has the 
flexibility to specify own learning rate, 
activation functions, and initial weight range 
on a layer basis in the design module, Fig. 4 
show the flow chart for developing new 
network, this procedure was applied for the 
five networks. 
 

c) Application Results 
Data from four projects used for testing 
purposes. Results of the five networks 
shown in table (3): 
 
The accuracy of the cost estimates can be 
close to an expert system developed by 
Mohamed and Celik [Mohamed,2002], 
where estimated total costs were found to be 
between the range of 2% and 4% of the 
actual cost. While the FIDIC (international 
federation of consultant engineer), where the 
bidding of any contract in infrastructure not 
to exceed 13% of the estimated value, and 
the bidding of contract in building not to 
exceed 6% of the estimated value 
[FIDIC,2007]. 
These results compare favorably with past 
research that has shown that traditional 
methods of cost estimation are less accurate, 
as evidenced by reported values of MAPE 
between 20.8% [Skitmore,1990] and 27.9% 
[Lowe,1996]. 
 
DISCUSSION OF THE RESULTS 
In present work, neural networks used to 
model the relationship between inputs 
(location, date and design variables) and 
outputs (cost of total building and 
electromechanical systems). 
Performance of the training many algorithms 
were tested and the Scaled conjugate 
gradient backpropagation (trianscg), showed 
the best accuracy results.  
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The simulated annealing technique used to 
capture the best solution (weights and 
biases) among several local minima.  
One of methods for improving network 
generalization is to use a network that is just 
large enough (number of hidden layers and 
number of neurons in each) to provide an 
adequate fit. The larger the network, the 
more complex the functions the network can 
create. If we use a small network, it will not 
have enough power over fit the data. 
Unfortunately, it is difficult to know 
beforehand how large a network should be 
for a specific application. 
Therefore, change architecture by raising the 
no. of neuron in hidden layer is used starting 
from 8 neurons to optimize network 
architecture and to improve the 
generalization. Adding more hidden layers is 
tried but it increased the error in test set. 
 
 
CONCLUSIONS 

• The using a neural network for cost 
estimation shown to be capable of 
providing accurate estimates of 
building and electromechanical 
systems cost per square meter by 
using eight parameters available at 
the early design phase. This model 
establishes a methodology that can 
provide an economical and rapid 
means of cost estimating for the 
total building and electromechanical 
systems of future building design 
processes. 

• When increase the number of 
neuron in hidden layer, it is not 
always increase the result accuracy, 
because when the number of hidden 
neurons is too large the network 
overfit the training data, in which 
the network perform well for 
training data only and cannot 
generalize its knowledge to unseen 
(new) operating conditions and 
when the number of hidden neurons 
is too small, the network suffers 
underfitting problem, in which the 

network cannot learn the 
relationship distributed among 
training data set. 
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Fig. 1: Cost-Influence Curve 
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 Fig. 2: Feed-Forward neural network 

 
 
 
 
 
 
 

                 
 
 

Fig. 3: Neural network structure  
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Table 1: 8-key parameters for network input layer 
Design Parameter Definition Range 

X1 Country Iraq, Lebanon, KSA, Egypt, 
Qatar and Others 

X2 Date 1996-2016 
X3 Type of Building HRAP (0), Hotel (1) 
X4 Gross Floor Area 8500-113000 m2 
X5  No. of Floors in Basement 1-5 
X6  No. of Floors in Podium 1-3 
X7 No. of Floors Upper level 5-40 
X8  Total No. of Rooms or 

Apartments 
24-1735 

 
 

Table: 2 Sample of projects data  
 Project Name  Location Date GFA   

m2  
Basement 

floors 
Podium 
Floors 

Tower 
Floors 

No. of 
Rooms 

1 Grand Hyatt Hotel 
Beirut  

Lebanon  2009 54,541 5 3 8 402 

2 Al Khojah Tower 
Jaddah  

Saudi 
Arabia 

2001 21,741 1 2 12 24 

3 Doha 
Intercontinental 

Hotel  

Qatar 1999 27,000 2 3 6 300 

4 Hilton International 
Hotel Hurghada  

Egypt 1996 22,152 2 3 12 225 
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Fig. (4):  Flow chart for developing new network  

 



Journal of Engineering Volume 17   April    2011      Number2    
 
 

339 
 

 
Table 3: Results of the five network 

Network No. of neuron in  
Input(N): Hidden(J): Output(K) 

MAPE 
% 

Total building 8:14:1 1.51 
Plumbing 8:18:1 4.627 

Hvac 8:10:1 3.604 
Fire protection 8:12:1 4.771 

Electrical 8:8:1 2.99 
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EXPERIMENTAL STUDY OF FRICTION STIR SPOT WELDING 
FOR BRASS ALLOY(426/1CUZN10) 

 
 
 
 
 

ABSTRACT 
Friction stir spot welding (FSSW) is a promising solid state joining process and is widely being 

considered for automotive industry. In this work mechanical properties of friction stir spot welded joints were 
investigated for ISO(426/1CuZn10) copper alloy. The effect of main welding parameters were studied including, 
welding tool rotational speed, preheat time (15, 30)s , plunging time (10,30)s , dwell time 10 s ,plunging depth 
(0.7,0.8) mm. Group of matrices of welding parameters were used to study the effect of each parameter on 
properties of welded joints. Series of (FSSW) experiments were conducted using manual drilling machine. 

Effect of welding parameters on mechanical properties of welded joints were investigated using tensile 
shear test. Micro-hardness test used to indicate the changes in hardness across welding region.  Based on the 
welding experiments conducted in this study, the results show that copper alloy (426/1CuZn10) was easy 
weldable using (FSSW) process with maximum failure load (420 N) at (2000 rpm) rotating speed and ( 70 s) 
total time for (0.5 mm) sheet thickness. 

  
 
  

 (246/1CuZn10) الموقعي لسبيكة براص  دراسة تجريبية لطريقة اللحام بالاحتكاك والخلط
 

  الخلاصة
  

في هذا العمل تم دراسة .  اللحام بالاحتكاك والخلط الموقعي من طرق لحام الحالة الصلبة الواعدة التي تستخدم بشكل واسع في صناعة السيارات

ئيسية للحام تم دراسة تأثير العوامل الر. (426/1CuZn10)وتحري الخواص الميكانيكية للحام الاحتكاك والخلط الموقعي لسبيكة النحاس 

 ثانية وعمق 10ثانية وزمن الانتظار ) 30 ،10(وزمن سرعة الاختراق ثانية ) 30 ،15 (المتضمنة سرعة الدوران وزمن التسخين الابتدائي

  .ملم) 0.8 ،0.7(الاختراق 

للحام باتم تصنيع عدة خاصة . متم دراسة مجموعات من المصفوفات المتضمنة عوامل اللحام ودراسة تأثير آل من هذه العوامل على خواص اللحا

  . وتم اجراء هذه التجارب بواسطة ماآنة تثقيب يدوي

اختبار الصلادة تم إجراءه لملاحظة التغير في الصلادة . تأثير عوامل اللحام على الخواص الميكانيكية تمت دراستها بواسطة اختبار الشد القصي

اللحام (قابلة اللحام باستعمال هذه الطريقة  (426/1CuZn10)الدراسة ظهر ان سبيكة  النحاس بناءا على تجارب اللحام في هذه . عبر منطقة اللحام

 . ملم0.5 ثانية لصفائح سمكها 70دقيقة وزمن آلي \ دورة2000 نيوتن عند سرعة 420مع اآبر حمل للفشل بلغ ) بالخلط والاحتكاك الموقعي
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INTRODUCTION 
The FSSW process consists of three phases; 

plunging, stirring, and retraction. The process starts 
with spinning the tool and slowly plunging it into a 
weld spot until the shoulder contacts the top surface 
of work piece. Then, the stirring phase enable the 
materials of two work pieces mix together. Lastly, 
once a predetermined penetration is reached, the 
process stops and the tool retract from the work 
piece. The resulting weld has a characteristic hole in 
the middle of the joint [Scheme et al 2005]. Show 
Fig.1. 

Tools consist of a shoulder and a probe 
which can be integral with the shoulder or as a 
separate insert possibly of a different material. The 
design of the shoulder and of the probe is very 
important for the quality of the weld. The probe of 
the tool generates the heat and stirs the material 
being welded but the shoulder also plays an 
important part by providing additional frictional 
treatment as well as preventing the plasticised 
material from escaping from the weld region. The 
plasticized material is extruded from the leading to 
the trailing side of the tool but is trapped by the 
shoulder which moves along the weld to produce a 
smooth surface finish [Cemal, 2005]. 

Welding of brass is usually difficult by 
conventional fusion welding processes because the 
brass has the high thermal diffusivity, which is 
about 10–100 times higher than in many steels and 
nickel alloys. Brass materials, as known, are copper 
(Cu) and zinc (Zn) alloys. The welding temperature, 
for example in the TIG welding, reaches almost 
4200 °C in the electrode (cathode) and nearly 3200 
°C in the work piece (anode) during welding. These 
temperatures exceed both the melting and boiling 
temperatures of both copper (1083 °C) and zinc 
(419 °C). In addition, the melting temperature of 
zinc oxide occurs as a result of zinc evaporation is 
1907 °C. For this reason, during welding it is 
possible for zinc and copper to evaporate from the 
work piece [Cemal, 2005]. 

 Weldability varies inversely with electrical 
and thermal conductivities. Welds of moderate 
quality can be obtained on very thin metal, but it is 
generally not practicable to attempt the spot welding 
of copper. The high conductivity of copper 
dissipates power input throughout the work, instead 

of concentrating it to produce useful heat [L. 
Phillis, 1960]. 

The main objective of present work is Study 
caplibility of friction stir spot welding process to 
weld poor weldability materials such as brass (by 
conventional welding process), obtain the best 
procedures for this process and study the effect of 
welding parameters (rotating speed rate, plunging 
rate, dwell time and plunging depth) in the weld 
strength. 
 
 
EXPERIMENTAL WORK  
The experimental work involves the procedures for 
friction stir spot welding of brass alloy. Drilling 
machine was used to get these joints by using steel 
tool with different welding parameters. Tensile 
shear tests are carried out to evaluate the maximum 
shear force (i.e. strength) of weld joints. The 
material used in this work was copper alloy (90% 
Cu 10% Zn), its chemical composition as shown in 
Table (1). Properties of metal measured by tensile 
test and their as shown in Table (2). This alloy is 
difficulty in welding by conventional spot welding 
processes. Sheets cut as rectangular shape; their 
long and width according to ASTM [T.B. 
JEFFERSON, 1951], standard dimensions of spot 
weld test specimens. 0.5 mm thickness sheet used 
and it was useful because the available machine has 
small power capacity which cannot use for high 
thickness. Single sheet have dimension 16 x 76 mm 
comparing with steel and aluminum alloy show Fig. 
2. Machine used in this work was drill which has 
variable speed range (500 to 3000 rev/min). Tool 
was made from tool steel, tool dimension as shown 
in Fig. 3. 

 
          Many experiments had been done before set 
good procedure for welding a brass. Procedures 
involved the following step: Preheat Step :This step 
not recorded in literatures, but many experiments in 
this study showed preheat step is essential step. A 
tool dwells many seconds to heat sheets by friction. 
We can call this time "Preheat time". To carry out 
FSSW process, two brass plates, 0.5 mm in 
thickness, 76 mm length and 16 mm in width. These 
two brass plates were then placed one on another 
and clamped with a vice so that they would not 
separate during welding process. During the 
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experiments it had been used a drill machine which 
has high rotation speed to rotate stirrer tip. The 
stirrer was made by special hot working steel. 
Length of stirrer tip had been chosen 0.8 % from 
total thickness of material to obtain better stirring 
effect. The welds were made on one side using three 
combinations of tools rotation speed; preheat time 
and plunging time where each test result was 
obtained from the average of three tests. 
Considering previous works the welding process 
was carried out by rotating the stirrer at rang from 
1000 to 2000 rpm and by plunging the plates at 
various speeds under a constant friction force. Two 
values used for each parameter (only rotating speed 
3 values taken) to experiments its effect on welding 
force due to values of tensile test for samples were 
very near and testing devices not have high 
accurate. By using the predetermined welding 
parameters, three different samples were welded for 
mechanical tests. Tension and hardness 
measurements were made as mechanical tests. Other 
specimens welded for study effect of plunging 
depth. Two various depths (0.7, 0.8 mm) are used. 
Tensile specimens were preparation according to 
ASTM. Tensile shear test was used to measure 
tensile shear force (or strength) which used for spot 
welding. Microhardness testing for spot welded 
joint was carried out across welding region. The 
type of microhardness tester was “Micromet” in 
mechanical department.  

 
 

RESULT AND DISCUSSION  
         From experiments, welds joints failed when 
rotating speed was 600 rpm or less. When rotating 
speed less than appointed value, the generating heat 
will be not enough to stir and mix operation. 
Welding occur when temperature of metal reach 0.8 
of melting temperature of welding metal. Results 
show direct relation between rotating speed rate 
with welds joint force, show Fig.4.  
Use low rotating speed rate and more preheat time 
and plunging time allow to generating more heat, 
and metal mixing, results are shown in Fig. 5. 
Preheat time allow to rise temperature of brass 
where ductility increase too ,so recrystalian of grain 
occur at this state mixing operation became ready at 
stir step. 
 
          At plunging time equal to 30 second welding 
process passes as shown in Fig. 6 at three values of 

rotating speed.  420 N force occur at 30 second 
preheat while 340 N force at 15 second. Weld shear 
force increases with plunging time, show Fig. 7. 
Weld shear force increases from 160 N at 10 second 
to 340 N at 30 second. Long plunging time allows 
to efficient mixing of metal.  
 

 
         Decrease in shear force at rotating speed 2000 
rpm with dwell time 20 s may be occur due to 
enlarge of grain size, force decreases with grain 
size. Plunging depth increases 0.1 mm from 0.7 to 
0.8  as shown in Fig. 8.  

That cause rise in welding force from 
180 to 250 N. Increasing plunging depth 
improve weld force by increase volume of 
mixing metal in welding region ,show Fig. 9. 
Welding process failed at 15 s preheat time 
with 10 s plunging time while welding joint 
done at 15 s preheat and 15 s plunging time for 
same rotating speed. That is mean a last 
parameters represent critical point for welding 
operation. Microhardness test was done on top 
surface of spot weld joint according points 
0,1,2,3 as shown in Fig. 10. Results of 
Microhardness test is shown in fig. 11. 
 
 
CONCLUSION 

According to results of the present study for 
FSSW process on selected copper alloy, several 
conclusions can be written regarding alloy 
weldability and mechanical properties. 

 
• Poor weldability alloys by conventional spot 

welding process as copper alloy (426/1CuZn 
10) can be welded using different (FSSW) 
parameters giving different welding results.  

• Preheat dwell time is very effective parameter 
on the welding process for high thermal 
conductivity alloys and small thickness.  

• Main welding parameters affected joints 
strength are tool rotating speed and plunging 
depth of tool.  

• It was found that there is direct relation 
between above parameters and strength of 
joints. Total time for welding process is more 
effective parameter than other. 
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• The maximum weld force obtained was 
(420N) for sheet thickness (0.5 mm) with 
rotating speed 2000 rpm and total time 70 s. 

• The microhardness in welding region was 97 
HV higher than shoulder region 76 HV and 
base metal 67 HV. 
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Fig. (1): Three stages of friction stir spot welding process [Cemal, 2005]. 

 
 

Table (1): Chemical Composition for Brass Alloy. 

Material type 426/1CuZn 10 

Chemical composition 90% Cu 10% Zn 
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Table (2): Mechanical Properties of Brass Alloy 

Ultimate strength 290 N/ mm2 

Elongation 46 % 

Hardness 67 HV 

  
   
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.(2) : Specimen Dimensions 
 

              
 
 
 
 
 
 
 
 
 
 

Fig.(3) : Tool Dimensions (mm). 
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Fig. (4): Effect of Rotating Speed on 
Weld Shear Force at Constant Plunging 

Fig. (5): Effect of Preheat Time on 
Welds Forces with Constant Plunging 

Time Equal to 30 Second. 

Fig. (6): Weld Force vs. Plunging Time at 
Constant Preheat Time 15 Second. 

Fig. (7): Weld Forces vs. Plunging Time at 
Constant Preheat Time 30 Second. 



Journal of Engineering Volume 17   April    2011      Number2    
  

 346

 

 
 

 
 

 
 
 
 
 

Fig. (8): Effect of Dwell Time on Shear Force 
of Welds. 

Fig. (9): Effect of Plunging Depth on Shear 
Force of Welds. 
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Fig. (10): Points measured by 
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Fig. (11): Microhardness values across welds 
joint area. 
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ABSTRACT 
          Numerical investigations of unsteady natural convection heat transfer through a fluid-saturated porous 
media in inclined cylindrical enclosure are studied by solving the governing (3-D) Darcy-Boussinesq 
equations using finite difference method. The momentum equation of flow was solved by Relaxation method 
and the energy equation by using Alternating Direction Implicit (ADI) method. The problem is analyzed for 
modified Rayleigh number with range of (50-300),angles of inclination (0°,25°,45°60°90°), amplitude of 
sinusoidal temperature (0.2, 0.4, 0.8) and period (0.005, 0.01, 0.02). Results indicate an increase in the heat 
transfer with increasing of Rayleigh number, time, amplitude, angle of inclination and period. Also average 
and local Nusselt number were calculated and it is found that Maximum temperature and velocity occur at 
angle α=45 and this indicate a strong buoyancy force effect on convective flow.                                                                   

      
  الخلاصة  

 ومائـل بواسـطة حـل       اسـطواني ، دراسة عددية لانتقال الحرارة بالحمل الطبيعي في وسط مسامي محـدد           ، تم في هذا البحث             

 تكراريـا  تم حل معادلة الـزخم .  طريقة الفروق المحددةباستخدام) Darcy-Boussinesq equation( الثلاثية الأبعاد متضمنا تالمعادلا

زوايا ، ) 300-50(حللت المسألة لقيم عدد رالي      ). ADI( الضمني المتناوب    الاتجاه معادلة الطاقة فقد تم حلها بطريقة        أما الإرخاءبطريقة  

النتائج بينت زيادة في انتقال الحرارة مـع        ). 0.02، 0.01، 0.005(والفترة  ) 0.8، 0.4، 0.2(الأتساع  ، )°90،°60،°45،°25،°0 (الميلان

ولقد وجد إن أعظم درجـة  تم حساب قيمة عدد نسلت المعدل والموضعي . زوايا الميلان والفترة، الأتساع، الزمن، زيادة عدد رالي المطور 

  .وهذا يعطي تنبأ عن تأثير قوي لقوة الطفو على المائع) 45(رة وأعظم قيمة للسرعة تحدث عند الزاوية حرا
  
KEYWORD(S):Natural Convection;  Cylindrical Enclosure;  Porous Media;  Sinusoidal 
                     Temperature Variation. 

  
INTRODUCTION 
          Natural convection heat transfer in fluid-
saturated porous media is a research topic of 
practical importance due to the many practical 
applications which can be modeled or 
approximated as transport phenomena in porous 
media, these flows appear in a wide variety of 
industrial application, as well as in many natural 

circumstances such as ground water flows, oil 
recovery processes, thermal insulation 
engineering, food processing, casting and welding 
of manufacturing processes, etc. Representative 
reviews of these applications and others 
convective heat transfer applications in porous 
media may be found in the resent books by 
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(Ingham and Pop 1998), (Nield and Bejan 
1999), and (Vafai and Hadim 2000), 
(Mohammad and Nawaf, 2005).Many studies 
were reported which deals with porous media, 
(Wang and Zhang, 1990) studied three-
dimensional steady natural convection in an 
inclined liquid-saturated porous concentric 
cylinders for different variables. (Shivakumara 
et.al., 2002) studied numerically transient free 
convection in a vertical cylindrical annulus filled 
with a fluid saturated porous medium with Ti>To 
while the top and bottom boundaries are adiabatic, 
a finite difference ADI and Successive Line 
Overrelaxation are used to solve the governing 
equations. (Iyer and Vafai, 1999) analyzed 
numerically free convection fluid flow and heat 
transfer in a horizontal cylindrical annulus in the 
presence of a porous geometric perturbation, the 
flow in the porous region is modeled using 
Brinkman-Forchheimer-Darcy model and the 
governing equations is modeled as (3-D) and 
solved numerically using Galerkin method of the 
finite element formulation. (Mohammad, 2008) 
studied natural convection in cylindrical enclosure 
of porous medium with constant and periodic wall 
temperature boundary conditions, the flow is 
modeled using Darcy model and the governing 
equations is solved numerically using finite 
difference method. Also there are studies for 
Cartesian enclosures such as (Wajeeh, 2006) who 
studied transient 3-D natural convection in 
confined porous media with periodic boundary 
conditions numerically and experimentally, the 
effect of the oscillating surface temperature on the 
fluid flow and heat transfer within the enclosure 
were determined. The purpose of the present 
paper is to study the natural convection flow 
behavior and its effects on the heat transfer and 
temperature distribution within a cylindrical 
enclosure filled with saturated porous medium and 
which is inclined by angle α from the horizontal, 
also velocity distribution and Nusselt number will 
be explained. 
  
MATHEMATICAL MODEL 
          A schematic representation of the system 
under investigation is shown in Fig.(1). The 
cylindrical system of coordinates ( zr ,,φ ) is 
represented. The system is inclined with angle 
(α ) from the horizontal so, the gravitational 
acceleration ( g ) acts in the negative ( zr, ) 

directions and positive (φ ) direction as shown in 
Fig.(1) 

               The (3-D) cylindrical space contains a 
porous material of permeability (K) and porosity 
(ε ) which is saturated with a Boussinesq fluid of 
viscosity (υ ) and coefficient of thermal 
expansion ( β ). 
From Fig.(1) the components of gravity can be 
written as follows;  

  kgjgigg zr ++= φ
r

    (1) 

  
( ) ( )
( ) ( )
( ) ⎪

⎭

⎪
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    (2)                                                    

By substituting the three components in eqs.(1) 
( ) ( ) ( ) ( )

( )kg
jgigg

α
φαφα

cos
cossincossin

−
+−=

r

     (3) 

          The equations which describe the problem 
of natural convection in cylindrical enclosure are 
mass, momentum, and energy equations (Bejan, 
1984);  

C.E     ( ) 011
=

∂
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+
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+
∂
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z
wv

r
ru

rr φ
      (4)                                      

 And from Darcy law for momentum the three 
components ( )zr ,,φ  with the effect of gravity are 
as follows;  
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z -component   
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        In order to write the basic equations and 
variables in dimensionless form, the following 
factors and scales are introduced.  
  :D  Diameter, :/ Dmα  velocity,  :o∆Τ  
temperature, amplitude 

   
( )

:
2

∗Κ m

mp Dcρ
 time,  :

Κ
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period                 
 Now we shall define the new dimensionless 
variables as; 
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         The dimensionless form for the basic 
equations is obtained by substituting the above 
factors in eqs.(4-8) and the corresponding form of 
the governing equations in vector form will be as 
follows;             

                 0=⋅∇ V
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             (10) 
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               θθ
τ
θ 2∇=∇⋅+
∂
∂ V

r
      (12) 

Where:   
mf

a
DgR

αυ
β oΚ∆Τ

=  = Modified Raylieh 

number for porous medium 
 

Since ==
Κ cDg

mfαυ
constant so, eqs.(11) will be 
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               Now by introducing a vector 
potential ( )Φ  of the form 

                Φ×∇=V
r

                             (14) 
Into the formulation, the resulting equations may 
be solved numerically faster and more accurately. 
This vector potential satisfies identically the 
continuity equation. The potential is also 
solenoidal since the velocity is solenoidal 
(incompressible flow) (Wajeeh, 2006). 
            ( ) 0=Φ×∇⋅∇=⋅∇ V

r
                  (15) 

So,       0=Φ⋅∇                                      (16) 
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Taking the curl of eqs.(13);  
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                And introducing eqs.(14) and (16) and 
by solving the resulting equations, this yield the 
following set of equations; 
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The left hand side of the above three equations 
can be obtained as follows (Hiroyuki 1981) 

Φ−∇=Φ∇−Φ⋅∇∇=Φ×∇×∇=×∇=Ω
rrrvv 22)()(V
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 represents vorticity 
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rv 2                                       (23) 
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          The hydrodynamic and thermal boundary 
conditions for the problem are; 

   0=
∂
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=Φ=Φ

φ
φ

ZR      at πφ ,0=     (26) 
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And due to symmetry 
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               For the temperature field, the non-
dimensional thermal boundary conditions are 
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∂
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φ
θ            at πφ ,0=         (30) 
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∂
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Z
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And due to symmetry  

 0=
∂
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R
θ            at R= 0           (32)                                              

              For the wall boundary, two cases for the 
cylinder temperature will be considered: 
Case (1): constant wall temperature 

1=θ       at )(wallRR =                     (33) 
Case (2): the temperature of the side wall varies 
sinusoidally with time about a mean value ( )hΤ  
with amplitude ( )Α and period ( )per , as 
graphically depicted in Fig.(2) 
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          The initial conditions for the problem are; 
Case (1): The flow is started at time ( )0=τ so,  

0=Φ=Φ=Φ==== ZRWVU φθ   
       everywhere    (35) 

Case (2): To minimize the number of cycles that 
are necessary for the solution to become periodic, 
we began all the simulations starting from an 
initial temperature and flow field, and applying 
equation (34) with known period and amplitude 
we will obtain on the periodic solution 
(Mohammad, 2008). 
            The local and average Nusselt number for 
the cylinder surfaces are defined respectively as;   
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          The components of the dimensionless 
velocity are related to the components of the 
dimensionless vector potential as follows; 
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NUMERICAL FORMULATION 
          The above equations were approximated by 
finite-difference methods, the parabolic equations 
(energy equation) solved using the Alternating 
Direction Implicit (ADI) method, the Relaxation 
method were used for solving of elliptic equations 
(momentum equations).The numerical solution is 
obtained by dividing the domain of interest into a 
grid network of several nodes the position of a 
node on the grid is defined by the indices ( i ), ( j 
), and ( k ) which will be used for indicating the 
points along ( zr ,,φ ) directions respectively and 
the index (n ) will be used for indicating the time 
step. A mesh of (21 x 21 x 21) grid size seamed 
reasonable and was be used in the present study.  
          Applying the (ADI) method on the energy 
equations yields; 
 
i-implicit 
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          Applying the Relaxation method on the 
momentum equations yields; 
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M.E. in φ -component  
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M.E. in Z-component 
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                                                                (44) 
 
          A computer program was developed in 
Fortran 90 language to perform the numerical 
solution. The program consists of main program 
and two-subroutines, in the main program, the 
first step is input of data then after specifying the 
initial and boundary conditions of the problem, 
the vector potential ( ZR ΦΦΦ ,, φ ) at every grid 
point in the domain are calculated from an 
iterative process, then calculate velocities (U, V, 
W) from ( ZR ΦΦΦ ,, φ ), after this calculate i,j,k-
implicit coefficients (a, b ,c, d) for the tridiagonal 
systems of equations. Then calculate T at every 
grid point in the domain. After this the local and 
average Nusselt number will be calculated then 
printing the results in the last part of the main 
program. The first subroutine solves the 
tridiagonal system of equations formed in the 
calculating of the temperature field while the 
second subroutine calculates the average Nusselt 
number. The time implementation of program is 
between 15 to 70 minutes depending on the 
studied case and time intervals. The following is 
the numerical equations which solved by the 
program. 
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RESULTS AND DISCUSSION 
          Numerical results have been obtained for 
radius R=0.5 and length L=1, the computations 
were carried out for only one half of the 
computational domain due to symmetry about 
central vertical line. For the first case (constant 
wall temperature boundary conditions), Figs.(3 
and 4) shows the isothermal lines and velocity 
vectors for different Rayleigh number and angle 
of inclination. It is clear that 0=V

r
at both ends 

and so the velocity and temperature distributions 
will differ with different cross-sections. Here we 
choose Z=1, for temperature and 0.75 for velocity,  
as shown an increase in temperature and heat 
transfer with increase of Ra number and α and the 
maximum value of temperature and velocity is at 
α =45 since the gravity vector aligned with the 
flow and the density imbalance helps the 
circulation of the fluid inside the enclosure. The 
ascending and descending flows will causes the 
movement of convective fluid, this processes 
caused velocity vectors movement. Fig.(5) shows 
the variation of average Nusselt number with 
different Ra number and angle of inclination, it is 
found that as Ra number increase the Nu number 
increase this indicate a strong buoyancy force and 
more heat transferred and circulated in the 
enclosure. Fig.(6) shows the distribution of local 
Nusselt number and as shown the maximum value 
of local Nu at vertical position, its value increase 
with increasing Ra number and decrease with 
increase of (Z) due to effect of boundary layer. 
For the second case (periodic wall temperature 
boundary conditions), Fig.(7) shows the 
temperature distribution (isothermal lines) at Ra 
=125, Z=1, different simulations and angle of 
inclination (Table 1) show the values of 
amplitude and period which will be used in this 
study. During the first three simulations at fixed 
period heat transferred to enclosure is very high 
and increase with increasing amplitude and angle 
of inclination also the isothermal lines began to 
deform with increase of amplitude and angle, this 
deforming in the right side is greater than that in 
the left side. Hot regions formed in the height 
right corners and this hot regions increase with 
increasing amplitude, cross section, Ra, and angle 
of inclination. At simulation (4) a different 
behavior appears, the cold layer surrounding the 
wall, the hot layer confined in the center of 
enclosure, a regions of high temperature appear 
and began to move to right side with increase of 
(α ,Z). at simulations (5) also the behavior 

changed , the cold layer surrounding the wall, the 
hot layer occupies the center of cylinder, thickness 
of thermal boundary with increase of (Z) and 
decrease with increase of (α), the lines of thermal 
boundary becomes curvilinear with increase of 
(α). Fig.(8) shows the variation of average Nusselt 
number with dimensionless time, it is found that 
that the average Nusselt number along the hot 
wall varies sinusoidally according to the variation 
of the hot wall temperature and it increases with 
increase of amplitude and decrease with increase 
of period. The value of the Nusselt number at the 
hot wall fluctuates at the most, from maximum 
periodic value of Nu =1.7 at τ =0.0015 to a 
minimum value of Nu = -1.99 at τ =0.00625, this 
is for simulation (1), the hot wall Nusselt number 
is negative over a short duration of the cycle 
0.0037 ≥ τ ≤ 0.0087, stating that over this time 
period there is an overall energy loss or a net heat 
transfer exiting the enclosure through the hot wall. 
Fig.(9) shows the variation of Nusselt number 
with time at Ra (125,200) and α=45,there is an 
increase in Nusselt value with increase Ra 
number. By comparing the average Nusselt 
number in this case with the case of constant wall 
temperature. We found in case one the average 
Nusselt number decreases with time until reach 
steady state in a curvilinear behavior and all heat 
is transferred to enclosure but in case two the 
value of average Nusselt number at hot wall is 
fluctuates from maximum to minimum value in a 
sinusoidal profile and heat is transferred to 
enclosure then to outside, this is the effect of 
period and amplitude.  
          A comparison was made for the case one to 
validate the results by convert the problem to a 
concentric cylinder like the study by (Khalid, 
2002) and using his boundary conditions in the 
present study, choosing the Nusselt number as a 
comparison parameter because it gives a clear 
picture to heat transfer into computational 
domain, so, a plots gives the relation between 
average Nusselt number and Ra number for aspect 
ratio (S=1) and radius ratio   (Y =2, 5, 10) are 
presented in Fig.(10) as a comparison between 
results of (Khalid) and present work. It is found 
that the same behavior of increasing in Nu number 
with increase of Ra is obtained, and a small 
difference between results is detected. Results 
difference is caused by difference in model, 
difference in grid size. 
         In order to describe the relation between the 
dependent variable (Nusselt number) and the 
independent variables (Raylieh number and angle 
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of inclination), a correlation have been made to 
describe the heat transfer data as in the form of ;  
         Nu=B (Rac.(1/(1+cosα))n)                     (45) 
        This correlation work for all range of Ra 
number and angles of inclination, the values of 
constants are; 
            Nu=0.605324899*Ra0.389673014 (1/ (1+cos 
α)) -0.07051460                                                       (46)  
α in rad 
                                                           
CONCLUSIONS 
          Numerical results obtained for natural 
convection in an inclined liquid-saturated porous 
enclosure can be summarized as follows. Average 
Nusselt number increase with increase of Ra 
number, and increase very slightly or decrease 
with increase angle of inclination but in periodic 
case average Nusselt number increase with 
increase of amplitude and decrease with increase 
of period and increase very small with increase of 
Ra number and its variation is a sinusoidal profile 
with the time from maximum value in positive 
direction to a minimum in negative direction. 
Maximum temperature and velocity occur at α = 
45and this is increase with increase Ra number.  
Local Nusselt number increase with increase Ra 
number and decrease with increase Z and 
maximum value of it at vertical position α = 0. 
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NOMENCLATURE   

 
 Description  Symbol  

Dimensionless amplitude  a  
Amplitude A 

Constant in equation (45) B 
Specific heat at constant pressure cp  

Diameter of cylinder  D  
Acceleration due to gravity g  

Permeability  K  
Effective thermal conductivity of porous media  Km

*  
Length of cylinder  L  

Nusselt number  Nu  
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  Dimensionless pressure  P  
Pressure p  

Dimensionless radial coordinate  R  
Radial coordinate   r  
Raylieh number  Ra  

Reference temperature  
oΤ  

Mean hot wall temperature hΤ  
Hot wall temperature Th  

Time t 
Dimensionless component of velocity in R-direction  U  

Velocity component in R-direction u  
Dimensionless component of velocity in φ -direction  V  

Velocity component in φ -direction  v  
Dimensionless component of velocity in Z-direction  W  

Velocity component in Z-direction w  
Dimensionless axial coordinate  Z  

Axial coordinate z  
 

Greek symbols 
Angle of inclination α  

Effective thermal diffusivity of porous medium  
mα  

Volumetric thermal expansion coefficient  β  
Dimensionless temperature  θ  

Angular coordinate  φ  
Vector potential Φ  

Vector potential components in R,φ and Z directions  
ZR ΦΦΦ ,, φ  

Reference density at T°    oρ  
Dimensionless time τ  

period  per  
Dimensionless period η  

Dynamic viscosity  µ  
Kinematic viscosity of the fluid 

fυ  
Distance between the grid points in R,φ and Z direction  ZR ∆∆∆ ,, φ  

Interval between two time steps  τ∆  
Del operator  ∇  

  
 

Subscript   
Description Symbol 

Fluid  f  
 Grid points location in R,φ and Z directions i, j, k 

Hot h  
Solid m  

Constants in equation (45) c,n 
Reference  º  
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Table (1): Input Data for the Simulations 
Simulation number Ra a η  

1 125 0.2 0.01 
2 125 0.4 0.01 
3 125 0.8 0.01 
4 125 0.4 0.005 
5 125 0.4 0.02 

  
  
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

z 

z 

r 

φ

x  

y 

α Insulated lower wall 

Insulated upper wall 

     θ Take two cases, constant 
wall temperature and vary with 
time on all side surfaces  

Porous media 

Fig.(1): Geometrical Shape of the Problem 
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Fig.(2): The Hot Wall Time-Dependent Boundary Condition 
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Fig.(3):Transient Temperature Distribution for Z =1 
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Fig.(5): Variation of Nusselt number, a with Ra number, b with angle of inclination  
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ABSTRACT 
 
This paper is a study of the effect of natural saliva (oral cavity) and a fluoride mouthwash on dental 
amalgams .Two types electrodes were made the first was of a high copper amalgam while the second was 
made from a low copper amalgam. They were immersed in two types of electrolytes for twelve hours and the 
whole galvanic cell was connected to a computer via a potentiosat. Their corrosion currents, corrosion 
voltage and corrosion resistance was recorded and compared to find which medium that is usually has the 
most severe effect on the amalgams corrosion. 

  الخلاصة
  

ة          تم في هذا البحث دراسة تأثير محلول الفلورايد واللعاب الطبيعي على سبيكة حشوه السن                الزئبقية حيث تم صناعة نوعين من الحشوات الزئبقي
اد                     . الأولى عالي النحاس والثاني واطئ النحاس      م إيج ا عشر ساعة وت رة اثن ائي  لفت ابلين للتوصيل الكهرب تم غرسهما في محلولين المذآورين ق

اد               ا وإيج ة التآآل        مقاومتهما للتآآل والتيار المقاوم للتآآل وفولتية التآآل مع المقارنة بينهم أثير الاسوء في عملي ه الت ولين ل ي  إي المحل  نللحشو ت
 .الزئبقيتين

  
KEYWORDS:  
amalgam, dental materials, corrosion of teeth fillings, saliva effect on amalgams 
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INTRODUCTION: 
 
 Amalgams are found in posterior sites in the 
mouth. Dental amalgams are alloys that contain 
Mercury (Hg), Tin (Sn) and Silver (Ag) as the 
main alloy ingredients. An amalgam means any 
alloy that contains (Hg) as a major element the 
major products from the mixing of the amalgam 
elements is formed of Ag-Hg. the other element 
particles which have not reacted remain embedded 
inside the matrix and help mechanical 
reinforcement (Stephen).. 
Dental alloy materials undergo both chemical and 
electrochemical corrosion in addition to 
mechanical corrosion (i.e. fretting and stress 
corrosion). The aim of this paper is to study the 
electrochemical corrosion since it is the most 
destructive.  
Amalgams (multiple phases) are more 
electronegative than any other metal they may be 
in contact with. Anodes and cathodes are 
generated within the amalgam and this makes 
them susceptible to relative high corrosion rates. 
These amalgams undergo galvanic corrosion, 
local corrosion (Ag-Hg vs. Ag-Sn-Cu- phase), 
crevice corrosion and stress corrosion. 
During corrosion dental alloys, release elements 
into the body over the short term (days) and long 
term (months). This leads to the roughening of the 
surface and weakening of the restoration.  
Corrosion can severely limit the fatigue life and 
ultimate strength of the material leading to 
mechanical failure of the implant (gilbert). 
 
GALVANIC CORROSION: 

 
This is due to the difference in electrochemical 
potentials. Galvanic corrosion occurs when 
dissimilar elements placed in direct contact within 
the oral cavity, where the saliva of the mouth 
plays the role of the electrolyte, a flow of 
electrical charge occurs due to the stimulation of 
the oral cavity (M.Karthega 2006). The less noble 
metal forms the anode while the more noble forms 
the cathode and the circuit is completed by ion 
transport through the saliva. Table 1 shows the 
electro potential of the metals, which form the 
amalgams that were used in this experiment with 
respect to the standard hydrogen electrode. 
 
Zinc added to the alloy to absorb oxygen (O2) 
during casting. The presence of zinc can be both 
beneficial and devastating. The devastating effect 

is that it can react with water and produce zinc 
oxide (ZnO2) and hydrogen gas, if it is produced 
inside the amalgam and contribute to tooth failure. 
The beneficial effect is that the zinc makes the 
amalgams mixture more plastic and easy to handle 
to mold into any shape that is required. 

 
THE EXPERIMENT: 
 
The Amalgam Mixture: 
 
Two electrodes were fabricated from two different 
types of amalgam mixtures. The 1st was of a low 
capper amalgam while the 2nd was of a high (Cu) 
amalgam. Both these types are used 
internationally in dental clinics, the particulars of 
the components used in the composition mixture 
were Lathe-cut and not spherical. The percentages 
in weight (%wt) of the mixtures for both types of 
amalgams are shown bellow: 

1) 69% Ag + 26% Sn + 2% Cu +3% Zn   
1st amalgam  (Low Cu amalgam) 

2) 69% Ag + 18% Sn + 6% +1% Zn  
  2nd amalgam (High Cu amalgam) 

As seen from above the other components of the 
amalgam were fixed in both mixtures with the 
expectance of copper this was done in order to 
find the effect of the variation of the copper 
mixture on the rate of corrosion. 
These two types of mixtures were mixed with Hg 
which forms the matrix that binds the components 
and solidifies them into one mass. When they are 
added to the (Hg) any excess Hg is squeezed out 
and the mass plastizes and begin to solidify. 
The reaction of these mixtures is shown bellow 
(Stephen): 
 
  1st amalgam : 
Ag3 Sn + Hg                 Ag2 Hg3 + Sn7 – Hg  

+ Ag3 Sn (untreated)    
                             (1) 

 
2nd amalgam: 
 Ag3 Sn + Ag Cu (Eutectic) + Hg  
 Ag3 Hg3 + Cu6 Sn5 + Ag3 Sn (untreated)  
+ Ag Cu (untreated)    
     (2) 
 
Zinc was originally added to the alloy to absorb 
(O2) during manufacturing. The devastating effect 
is that it can react with water and produce 
hydrogen gas. If this is produced inside the 
amalgam, it results in delayed expansion of the 
amalgam. 
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The beneficial effect is that Zinc makes the 
amalgam mixture more plastic and easy to handle.  
 
The Electrolytes:  

 
The electrolytes used in the experiment 

were two types: 
The 1st electrolyte was natural saliva accumulated 
in a sucker obtained from a dental clinic. The 
composition of the saliva was shown in Table2. 
 
The second electrolyte was a mouthwash used for 
dental hygiene (pH=3.9), which had the 
composition shown in Table3. 
 
The second type of electrolyte used to find the 
effect of dental mouthwash on dental amalgams, 
since most mouthwashes and toothpaste contain 
fluoride. 

 
The Electrochemical Corrosion Apparatus: 

 
The apparatus used in the experiment consisted of 
a glass container with three openings at the top. 
The 1st opening was for a rotating disc electrode, 
the 2nd for platinum electrode and the 3rd was for a 
standard calomel electrode (SCE). The electrodes 
used were maintained at body temperature ±2 oC 
to maintain oral conditions. the entire assembly 
was connected to a computer controlled 
potentiosat. the electrolyte was circulated inside 
the container at a speed of 450 rpm,as shown in 
Fig 1. 
 
 
Data Collection: 

  
The data collected was from a twelve-hour 

period. The polarization curves in which the 
current is a function of electrical potential: 

 
I=F (E)                        (3) 
 

were plotted so as to determine the corrosion 
resistance of the amalgams in the electrolytes. the 
polarization curves & Stern – Geary relationship 
were used to find the current density for the 
corrosion current (IC) and the polarization 
resistance RP (Milton 2007). 

 
RP =  B/Icorr          (4) 
 
 

While all laboratory corrosion tests require 
accelerating corrosion processes, only 
electrochemical tests can directly amplify the 
impact corrosion process. this is because all 
electrode kinetics associated with corrosion 
process to qualify corrosion rates. The 
amplification of the electrical signals generated 
during  these tests has permitted very precise and 
sensitive measurement. For this reason this part 
was conducted in the UAE since Iraq lacks such 
devices. 

 
B=     ba . bc       (5) 
      2.3(ba+bc) 
 
B: Can be calculated form (ba) & (bc) 

which are the slopes of anodic and cathodic Tafel 
slopes respectivly. 

 
Corrosion Rate Determination 
 
The rate of corrosion was gained by  
• Plotting the obtained data from the 

current-potential curves that were 
obtained, and then extrapolating the 
cathodic and anodic Tafel lines to 
current potation so as to obtain the 
slope at that point. 

• The Tafel slops of the anodic and 
cathodic curve can be used in the stern-
Geary eg. to determine the corrosion 
rate. 

 
THE RESULTS: 
 

The corrosion resistance of the two different 
amalgams that were immersed in the two different 
electrolytes was measured after 12 hr’s and their 
results are shown in table 4 & 5. Their corrosion 
curves are given in figures 2 & 3. 

 
Low Copper Amalgams. 
 
In the natural saliva the low copper amalgam 
started with a very high corrosion resistance 
but after 3 hr’s started to drop and at the end 
of the 12 hr period it had reached (200) 
mV/SCE, whereas it went much more severe 
corrosion relatively when it was immersed in 
a fluoride mouthwash (fig 3).it did not start 
with a very good corrosion resistance and 
dropped even more at the end of the 
experiment and stabilized at (-350) mV/SCE. 
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In addition, the polarization resistance was 
much higher in the natural saliva in 
accompany to a lower corrosion current (table 
5) than it had in the fluoride solution. 

 
High Copper Amalgam. 
 
For the natural saliva, in the first 4 hrs the 
high copper amalgam had a lower corrosion 
resistance (Fig 3) but in due time it increased 
gradually and stabilized at a higher corrosion 
resistance of (230) mV/SCE, whereas in the 
fluoride electrolyte its corrosion resistance 
dropped severely and stabilized at (-350) 
mV/SCE. It had a much higher corrosion 
resistance in natural saliva than in the fluoride 
solution, showing a higher corrosion current 
(table 5) in the fluoride mouthwash than in the 
natural saliva.    

 
DISCUSSION 

 
From the obtained results it is obvious that 
corrosion occurs within an amalgam which make 
up a tooth filling the corrosion was much more 
severe in the fluoride mouth wash than in natural 
saliva. The purpose of the fluoride substance is to 
kill bacterial growth, yet while it is doing this it 
corrode any amalgam fillings in the mouth. This 
will eventually lead to the failure of the alloy due 
to It being subjected to alternate stresses from 
chewing food in addition to its corrosion 
Early dental amalgams contained less than 5% 
copper had limited corrosion resistance (Stephen) 
as it was proven in the experiment. The higher 
copper amalgam had a much higher corrosion 
resistance in natural saliva then in the fluoride 
mouthwash. 
In a high copper amalgam the Ag-Sn-Zn irregular 
particles are mixed with the Ag-Cu to produce the 
amalgam alloy. Mixed with Mercury (Hg), Ag-Hg 
and Sn-Hg phases form almost as quickly as Sn-
Hg forms, and then the released Hg reacts with 
more Ag-Sn to produce predominately Ag-Hg. 
Therefore little or no Sn-Hg resides in the set 
amalgam. 
Of special interest is the actual geometry in the 
phases involved. The Ag-Hg (γ1) crystals are 
relatively equi-axed. Contrary to these grains Sn-
Hg (γ2) crystals are elongated and look like tongue 
depressor blades. This has a major consequence 
for corrosion. While the Sn-Hg crystals represent 
little volume of the mixture they tend to touch 

(connected) through the entire dental amalgam 
allowing penetrating corrosion to take place. 
Shifting to high copper amalgam has both the 
advantage that Cu-Sn is less corrosion prove and 
the grains do not routinely touch each other so 
that only superficial corrosion occurs (Stephen). 
All amalgams leak mercury into the mouth to 
some extent. (R.C House 1980). 
In addition to Sn-rich corrosion products of high 
copper amalgams, Cu-rich amalgams also form 
Cu- containing corrosion product. Two products 
were identified Cu2O a red product and 
CuCl2.3Cu(OH)2 a green product. 
As soon as an amalgam is filled into the moth it 
starts corroding. This is one reason why amalgam 
fillings have to be replaced when they became in 
our mouths we also have the chemical corrosion 
that can be caused by electrical activity previously 
discussed. We have both these factors increasing 
the corrosion of the amalgam, which is process of 
releasing metal ions into our saliva. 
In addition to the weakening of the amalgam 
strength due to corrosion the mercury into the 
body have disastrous health effects. Research 
show that mercury is associated with disorder 
such as multiple sclerosis, Alzheimer’s disease 
depression and reduced immune functioning 
Mercury exposure also presents a risk to fetuses in 
mothers who have amalgam fillings and may 
cause birth defects.(N.K. Sarkar 2000) 

 
CONCLUSION 

 
• Each and every person who has an 

amalgam filling has a battery 
constantly working in his/her mouth 
releasing metallic toxic ion into the 
body. 

• Both high and low copper amalgam 
under corrosion, but high copper 
amalgam has more corrosion resistance. 

• While fluoride solution are for oral 
hygiene. They are more useful to people 
with healthy teeth. Where as any one 
who has fillings made from amalgam, 
the will corrode much faster when using 
fluoride dental products Fluoride may 
act bacterial growth on teeth yet it also 
corrodes amalgam a much faster rate. 
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NOMENCLATURE 

 
Ag: Silver 
Cu: copper 
H2: Hydrogen 
Sn: tin 
Zn: zinc 
Hg: mercury 
O2: oxygen 
Ic: corrosion current in mA/cm2 

Rp: polarization resistance in Kohm.cm2 

Ecorr: voltage corrosion in volts 
ba:anodic slope 
bc:cathodic slope 
γ: gamma phase 

 
 

Table 1: electro potential of the elements that make up a typical amalgam (Raymon 1973)   
 

Silver (Ag) +0.80 
Copper(Cu) +0.52 

Hydrogen (H2) 0.00 
Tin(Sn) -0.14 
Zinc(Zn) -0.76 

  
Table 2: composition and concentration of elements for natural saliva 

 

Element Concentration 
mmol/L 

sodium 2-2 
potassium 36 
calcium 2.8 
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magnesium 0.5 
chloride 40 

bicarbonate 25 
phosphate 39 

 
 

Table 3: composition and concentration of mouth wash 
 

Compound Concentration  
ppm 

Amine Fluoride Dafour 95 
Sodium Fluoride  150 

 
 
 
 
 

 
 
 

 
Fig 1: Apparatus setup 

 
 

Table (4): Corrosion potential (Ecorr) of the specimens in different electrolytes after a 
period of 12 hr`s 

 
Ecorr (mv/sce) Electrolytes Low Cu Amalgam High Cu Amalgam 

1. Natural Saliva 200 230 
2.Fluoride Mouthwash -370 -350 

 
Table (5): Corrosion current densities icorr (mA/cm2) and polarization resistance R.p 

(Kohm.cm2) 
 

 

Cunter 
electrode Electrolyte 

Rotating 
disc 

Satured calomel 
electrode 
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Natural Saliva Fluoride Mouthwash Amalgam icorr Rp icorr Rp 
1.Low Cu Amalgam 1.36 500 2.8 160 
2.High Cu Amalgam 2.2 550 3.0 165 

 
 
 

Polarization Cures for Natural Saliva

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

1 2 3 4 5 6 7 8 9 10 11 12 13

Time (h)

E 
(V

/S
EC

)           High Cu 
amalgam

         Low Cu 
amalgam

 
Fig 2 

Time Polurization curve for Flouride Mouth wash

-0.4

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0
0 1 2 3 4 5 6 7 8 9 10 11 12 13

Time(h)

E(
V/

SE
C

)

          High Cu 
amalgam

         Low Cu 
amalgam

 
 

Fig 3 
 



Journal of Engineering Volume 17   April    2011      Number2    
 
 

 373

 
 
 
 
 
 
 

FORCED CONVECTION THERMAL BOUNDARY LAYER 
DEVELOPMENT IN A POROUS MEDIA NEAR A WALL WITH 

VARIABLE TEMPERATURE BOUNDARY CONDITION  
 
 

Mrs. Luma F. Ali 
Mech.  Engr.  Dept. 

College of Engr. 
University of Baghdad 

Baghdad-Iraq 
 
ABSTRACT 

The behavior of forced convection heat transfer characteristics through and over porous layer near a 
heated flat plate at variable temperature has been investigated numerically. Two cases of variable wall 
temperature boundary condition are studied. The first case is of linear temperature variation with position 
along the flat plate and the second case is of sinusoidal temperature variation with time of heating. The flow 
field in the porous region is governed by the Darcy-Brinkman-Forchheimer equation, the thermal field in the 
porous region by the energy equation and the part over the porous matrix includes flow and heat transfer 
equations. Solutions of the problem have been carried out using a finite difference method through the use of 
a stream function-vorticity transformation. The effects of various governing dimensionless parameters, 
Darcy number, Reynolds number, Prandtle number as well as the inertia parameter are thoroughly explored. 
The variation of the non-dimensional period and amplitude values of the sinusoidal temperature distinction 
with time was also studied. Good results were obtained and reported graphically. It was found that the local 
Nusselt number on the flat plate increases with the increasing of the increasing non-dimensional values of 
period and amplitude individually. 

 
  :الخلاصة

و فوق طبقة وسط مسامي موضوعة فوف صفيحة ذات درجة     خلال بالحمل القسري   انتقال الحرارة    خصائص   دراسةيتناول البحث   
 لقد تضمنت الدراسة حالتان من تغير درجة الحرارة آشرط حدي للجزء السفلي من             .  باستخدام الطريقة العددية للفروقات المحددة     حرارة متغيرة 

صفيحة                . الطبقة المسامية  ى طول ال د عل ا مع البع شكل        . ان الحالة الاولى آانت لتغير درجات الحرارة خطي ان ب ر آ ان التغي ة ف ة الثاني ا الحال ام
زمن   ع ال وجي م ياغة            . م ى ص اد عل ان بالاعتم ة الجري سامي معادل ط الم لال الوس ان خ ي للجري وذج الرياض ضمن النم -Brinkman)(ت
Forchheimer وق الوسط المسامي             المس ان ف ة خلال الوسط المسامي و الجزء الاخر للجري ة الطاق م حل   . تمدة من قانون دارسي و معادل ت

أثير عدد           ). دالة الانسياب -الدوامية(و قد استخدمت طريقة     . الفروق المحددة المعادلات الحاآمة عدديا بأستخدام طريقة       م دراسة ت خلال البحث ت
بالاضافة الى ذلك تم دراسة تأثير التغير في طول . تأثير القصور الذاتيرقم برانتل آذلك ، رقم رينولدز، ل رقم دارسيمن المجاميع اللابعدية مث  

دة            . الموجي مع الزمن  حرارة  و ارتفاع الموجة اللابعدية لتغير درجة ال       ائِج الجي ى النَت د  . لقد ذُآِرتْ  النتائج بشكل تخطيطي و تم الحصول عل و ق
  .آل على حدة رفم نسلت الموضعي على طول الصفيحة يزداد بزيادة طول و ارتفاع الموجة اللابعدية النتائج إن وُجِدَ من هذه
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INTRODUCTION 
Forced convection heat transfer through 

porous media has a major topic for various studies 
during the past decades due to many engineering 
applications such as thermal insulation 
engineering, water movements in geothermal 
reservoirs, underground spreading of chemical 
waste, thermal insulation, direct-contact heat 
exchangers, nuclear waste repository, grain 
storage, and enhanced recovery of petroleum 
reservoir. The heat transfer with forced 
convection in porous media is an interesting and 
challenging physical problem; therefore a 
considerable attention was given to this type of 
problems by accomplishing theoretical and 
experimental studies. 

 
The problem of forced convection flow 

and heat transfer along a flat plate in a porous 
medium was examined by Beckermann & 
Viskanta [1987] including both, the inertia and 
boundary effects, while porosity variations close 
to the wall are not considered. They derived the 
velocity and temperature profiles for the fully-
developed momentum boundary layer and from 
the results they determined the wall shear stress 
and the Nusselt number as functions of modified 
Reynolds and Prandtle numbers. In addition, 
Vafai and Thiyagaraja [1987] analytically studied 
the fluid flow and heat transfer for three types of 
interfaces, namely, the interface between two 
different porous media, the interface separating a 
porous medium from a fluid region and the 
interface between a porous medium and an 
impermeable medium. Another related problem is 
that of Poulikakos and Kazmierczak [1987]. In 
that work a fully developed forced convection in a 
channel filled with a porous matrix was 
investigated and the existence of a critical 
thickness of the porous layer at which the value of 
Nusselt number reaches a minimum was 
demonstrated.  

 
A fundamental investigation on the 

effects of employing intermittently porous cavities 
for regulating and modifying the flow and 
temperature fields was done by Vafai  & Huang 
[1994]. They used a general flow model that 
accounts for the effects of the impermeable 
boundary and inertial effects to describe the flow 
inside the porous region and the solution of the 
problem has been carried out using finite 
difference method through the use of a stream 
function-vorticity transformation. Also the effects 

of various governing dimensionless parameters, 
such as the Darcy number, Reynolds number, 
Prandtle number and the inertia parameter were 
thoroughly explored. Then Huang & Vafai [1994] 
presented an analytical solution for forced 
convection boundary layer flow and heat transfer 
through a composite porous/fluid system by 
considering a layer of porous media over a flat 
plat with constant temperature boundary 
condition. The details of the interaction 
phenomena occurring in the porous medium and 
the fluid layer were systematically analyzed, 
revealing the effects of various parameters 
governing the physics of the problem. Their 
results presented a comprehensive yet easy 
comparative base for numerical solutions 
addressing this type of interfacial transport and 
their analysis provided a rather accurate 
simulation of the interfacial transport.  

 
Furthermore a finite-volume 

computational model had been developed by 
Vadakkan [2001] to analyze the steady 
performance of a pin fin array experiencing forced 
convection in a duct. This pin fin array was 
considered using transport equations of porous 
media. The analysis had been done utilizing two 
different approaches in solving the temperature 
fields in the porous structure and indicated that 
there is a significant difference between the solid 
and fluid temperature at higher values of porosity 
and lower values of the interstitial heat transfer 
coefficient. 

 
For an unsteady forced convection on a 

flat plate embedded in the fluid-saturated porous 
medium with inertia effect and thermal dispersion, 
Cheng & Lin [2002] presented a precise and 
rigorous method to obtain the entire solution from 
one-dimensional transient conduction to steady 
forced convection in porous medium under 
conditions of uniform wall temperature and 
uniform heat flux, respectively. In addition, the 
aim of their work is to quantify the effect of 
inertia force on the intermediate regime of 
unsteady forced convection in a porous medium. 
Huang et al. [2005] carried out a numerical study 
for enhanced heat transfer from multiple heated 
blocks in a channel by porous covers. The flow 
field was governed by the Navier-Stokes equation 
in the fluid region, the Darcy-Brinkman-
Forchheimer equation in the porous region, and 
the thermal field by the energy equation. Solution 
of the coupled governing equations was obtained 
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using a stream function-vorticity analysis. This 
study details the effects of variations in the Darcy 
number, Reynolds number, inertial parameter, and 
two pertinent geometric parameters, to illustrate 
important fundamental and practical results. 

 
In order to study the development of the 

forced convection thermal boundary layer in a 
definite layer of porous media near a wall with 
two types of temperature boundary condition, a 
flat plate of specified length and covered with 
definite height of porous media and a fluid with 
ambient velocity and temperature flowing over 
and through the porous matrix is taken into 
account in the present paper. Two cases for the 
lower boundary temperature condition are used; 
one is linear temperature variation with the length 
of the plate and the other is the temperature 
boundary condition that varies sinusoidally with 
time. 
MATHEMATICAL FORMULATION 

The configuration of the problem under 
investigation is depicted in Fig. 1. It includes a 
flat plate of length L  covered with a porous 
media layer of height H . A fluid with constant 
temperature ∞T  and velocity ∞u  is flowing 
through and over this porous medium layer. In 
this study, it is assumed that the flow is laminar, 
incompressible, and two dimensional. In addition, 
the thermo-physical properties of the fluid and the 
porous matrix are assumed to be constant and the 
fluid-saturated porous medium is considered 
homogenous and isotropic and in local 
thermodynamic equilibrium with the fluid. For the 
fluid region the conservation equations for mass, 
momentum, and energy are [Vafai & Huang 
1994]: 
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Based on the Brinkman-Forchheimer-

extended Darcy model, which accounts for the 
effects of the inertial and impermeable boundary, 
the mass, momentum and energy equations in the 
porous matrix can be expressed as [Vafai & 
Huang 1994]: 
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In order to express the governing 

equations in dimensionless form, the following 
non-dimensional quantities may be defined: 
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After utilizing the above dimensionless 

groups and canceling the pressure term P  from 
the resulted equations [Qahtan 2005], the vorticity 
and temperature equations respectively for the 
fluid region may be expressed as follows: 
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Whereas the vorticity and temperature 

equations for the porous region may be stated as 
the following two equations [Qahtan 2005]: 
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The governing equations above are cast in terms 
of the vorticity-stream formulation. Therefore the 
stream function and vorticity may be introduced 
as: 
 

Y
U

∂
∂

=
ψ , 

X
V

∂
∂

−=
ψ                               (12) 

 

Y
U

X
V

∂
∂

−
∂
∂

=ω                                          (13) 

 
Where )(ω  is the vorticity component 

perpendicular to the flow surface. Also the 
vorticity may be related to the stream function by 
using the stream function equation which may be 
formulated as: 
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The applicable boundary conditions necessary to 
complete the problem formulation are: 
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In the present work two cases of boundary 

conditions where taken for the temperature 
condition at the lower boundary 0=Y . The first 
case is taken as temperature boundary condition 
which varies linearly with X  and it is expressed 
in non-dimensional form as: 
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 While the second case for the lower 
boundary condition is the temperature that varies 
sinusoidally with time and formulated in non-
dimensional form as follow: 
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 In addition to the above boundary 
conditions, the two sets of conservation equations 

are coupled by the following matching conditions 
at the porous/fluid interface [Vafai & Huang 
1994], [Huang & Vafai 1994]: 
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and the initial conditions are: 
 

0=== ωψθ        for      0* =t       (19) 
 

In the present work, an explicit finite 
difference numerical technique is used in order to 
solve the flow and heat equations. The finite 
difference form of the fluid and porous media 
regions and boundary and initial conditions are 
formulated in the next section. 

 
NUMERICAL SOLUTION  

To solve the above partial differential 
equations, a finite difference numerical technique 
is employed. A grid of points is first established 
throughout the calculation domain. However, the 
uniform rectangular grid system is the same for 
the fluid and porous media regions.  

 
An explicit finite difference method is 

utilized for the energy and vorticity equations 
(equations (8-11)) as recommended by 
[(Anderson et al. 1984) and (Fletcher 1987)]. In 
the explicit method, the vorticity and temperature 
are calculated at future time )( ** tt ∆+  for any 
internal grid by using the vorticity and 
temperature values at time )( *t  for the specified 
grid and the neighbor grids which are known from 
the initial conditions of the problem under 
consideration. By employing this time matching 
technique the values of the vorticity and 
temperature for the whole domain will be known 
for each time step until reaching the steady state 
condition. This condition is attained when the 
value of the average Nusselt number for two 
consecutive runs would become less than 810− . 
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On the other hand, after formulating the stream 
function equation (equation (14)) in finite 
difference form, the relaxation method is utilized 
in order to solve the resulted algebraic equations 
iteratively at each time step by employing Gauss-
Seidel iterative technique. In this method, 
convergence has been achieved when the absolute 
value of relative error for the whole grid points 
between two successive iterations, found by trial 
and error, was equal to 410− .  

 
A computer program written in 

FORTRAN was used. Once the above algebraic 
flow and heat transfer equations is solved, the 
temperature distribution for internal and boundary 
grid points is identified. Then, when the steady 
state condition for the linear variation temperature 
boundary condition is reached and specified time 
for the sinusoidal variation with time temperature 
boundary condition is spend, the local Nusselt 
number value is found by employing the 
following formula [Anderson et al. 1984]: 
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where feff kk  is taken equal to one. 
 

While the average Nusselt number is 
found by integrating the local Nusselt number 
along the plate length by employing the Simpson 
numerical integration rule as given in the 
following expression: 
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RESULTS AND DISCUSSION 

In the present paper, the numerical values 
for the case under consideration was taken for a 
porous media layer of height 02.0=LH  and 
porosity equal to 92.0 . The metal foams was 
used as a porous medium and the material was 
Aluminum ( )6606 T−  with thermal conductivity 
of KmW .200 . Two cases of the temperature 
boundary condition at the lower boundary of the 
porous matrix are studied. The first case is the 
linear temperature variation with position until 
reaching steady state condition and the second 
case is the sinusoidal temperature variation with 
time for a specified period of time. Several values 
of dimensionless parameters were taken in order 

to study their effects on the heat transfer behavior. 
The Reynolds number values were verified within 
the laminar and transition regions 

)105101( 55 ∗−∗ , the Prandtle number values were 
taken for three most utilized fluids (air 7.0 , water 
7 , and engine oil 100), three Darcy number 
values were considered  ( 6108 −× , 6102 −× , and 

7109 −× ), and the effect of three inertial parameter 
values ( 001076.0 , 0025.0 , 00323.0 ) were studied. 
Finally, the variation effect of the non-
dimensional values of the sinusoidal temperature 
variation with time boundary condition was also 
investigated. These constant values were the non-
dimensional amplitude a  ( 2.0 , 4.0 , and 8.0 ) and 
the non-dimensional period η  ( 005.0 , 01.0 , and 

02.0 ). 
 
A testing for the optimum distance 

between grid points in X  direction was done and 
the relation between the average Nusselt number 
and the number of grid points was sketched in 
Fig. 2 for the linear temperature variation with 
position and sinusoidal temperature variation with 
time cases. From this figure, it is shown that a 75 
grid point in X  direction is suitable to choose for 
the present case study. As well, similar test was 
made for the number of grid points in Y  direction 
and it was found that the 75 grid point is 
appropriate. 

 
The propagation of the temperature 

through and over the porous media for five 
instances is demonstrated in Fig. 3 for the linear 
temperature variation case and in Fig. 4 for the 
sinusoidal temperature variation case. It is clear 
from these figures that the temperature values 
through the porous matrix are high in the 
beginning because of the small thermal boundary 
layer effect. But after a period of time this layer is 
grown up and then the temperature decreases.  
 
 
Effect of the Reynolds Number 

The variation of the average Nusselt 
number versus time for three values of Reynolds 
number for linear temperature variation case is 
presented in Fig. 5. It is clear from this figure that 
the time required to reach steady state condition 
decreases with increasing Reynolds number 
values. The increasing of Reynolds number causes 
a bigger value of the inertia force with respect to 
the viscosity force and then increasing in the 
velocity gradient followed by decreasing of the 
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time required for steady state condition. The same 
behavior was obtained for the sinusoidal case for 
specific non-dimensional time (equal to two) as 
illustrated in Fig. 6. In this figure, only one value 
of Reynolds number is drawn because, in the 
sinusoidal temperature case, there is not any 
significant effect of Reynolds number variation on 
the average Nusselt number.  

 
By referring to Fig. 7 and Fig. 8 it can be 

observed that the temperature gradient increases 
with the increasing of the Reynolds number. As a 
result, this increase in temperature gradient causes 
an increase in the local Nusselt number value as 
exposed in Fig. 9 and Fig. 10 for the linear and 
sinusoidal temperature variation respectively. 
Furthermore, the effect of the Reynolds number 
on the thermal boundary layer thickness for the 
two cases under study can be noticed from Fig. 11 
and Fig. 12. From these two figures, it can be 
deduced that the thermal boundary layer is grown 
inside the porous matrix only because of the 
solid structure of the porous media which causes a 
loss in the heat energy. As well, from these two 
figures it can be noticed that the thermal boundary 
layer thickness decreases with the Reynolds 
number increasing. This decreasing of the layer 
thickness is due to the sharp decreasing in the 
temperature gradient in the Y -direction because 
of the diffusion term small value. 
 
Effect of the Darcy Number 

Results for the effect of Darcy number 
variation are presented in several figures. In Fig. 
13 the relation between the average Nusselt 
number versus time for the linear temperature 
variation case is sketched. From this figure, it is 
clear that the time required for steady state 
condition decreases with the decreasing of the 
Darcy number values. This behavior is due to the 
increasing of the velocity gradient in Y -direction 
with the Darcy number decreasing values. 
Moreover, the decrease in Darcy number value 
means an increase in the flow uniformity and 
reduces vorticity and this leads to the reduction in 
the time required for steady state condition. 
Similar figure is presented for the sinusoidal 
temperature variation case for specific non-
dimensional time value in Fig. 14. There is no 
significant change in Nusselt number values when 
the Darcy number is varied therefore only two 
cases were sketched in this figure.   

 

The effect of Darcy number variation on 
the local Nusselt number along the flat plate is 
presented in Fig. 15 and Fig. 16. From these 
figures, it is clear that the local Nusselt number 
increases with the decreasing of the Darcy 
number. This decrease in Darcy number with 
constant porosity cause a decreasing in the solid 
fraction volume and increasing in the heat transfer 
exposed area. As a result, a rising in the 
temperature slop in Y-direction is occurred as 
shown in Fig. 17 and Fig. 18 and consequently an 
increasing in the local and average Nusselt 
number values.  Fig. 19 and Fig. 20 is adapted to 
the non-dimensional temperature distribution and 
the thermal boundary layer thickness. These two 
figures show that any reduction in Darcy number 
yields a decreasing in the thermal boundary 
thickness because of the enlarging in the velocity 
slop in Y -direction. 
 
Inertial Effects 

In order to study the inertia effect several 
figures are sketched. In Fig. 21, the relation 
between the average Nusselt number with time is 
illustrated. From this figure, it is clear that the 
time required to reach steady state condition 
decreases with the inertia effect increase. This 
behavior is due to the increasing in the velocity 
slop with inertia effect rising and then leads to a 
reduction in the time required for steady state 
condition. Similar figure is presented for the 
sinusoidal temperature variation but for specific 
value of time in Fig. 22. In addition, it can be 
noticed that the inertia is less effective than the 
Darcy number on the required time for steady 
state and this is because of the velocity slop value.  

 
In Fig. 23 and Fig. 24, the inertia effect 

on the local Nusselt number along the flat plate is 
illustrated for the linear and sinusoidal 
temperature variation. From these two figures it is 
shown that any increase in the inertia effect leads 
to a small reduction in local Nusselt number. This 
behavior is because of the small reduction in the 
temperature slope in Y -direction, as shown in 
Fig. 25 and Fig. 26, and this slope reduction 
causes a small decreasing in the local and Average 
Nusselt number values. For the same reason, the 
thermal boundary layer thickness decreases with 
the inertia effect rising as depicted in Fig. 27 and 
Fig. 28. 
 
Effect of the Prandtle Number 
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To study the effects of the Prandtl number 
on the flow and temperature fields, three different 
Prandtle numbers were chosen such that they will 
cover a wide range of thermo-physical fluid 
properties such as the kinematics viscosity. The 
variation of the average Nusselt number versus 
time is shown in Fig. 29 for linear temperature 
variation. From this figure, it is clear that 
whenever the kinematics viscosity is lower, the 
time required for steady state condition is higher. 
The reason of this trend is that, at specific 
Reynolds number, lower value of viscosity leads 
to smaller viscosity force and then smaller inertia 
and this needs more time to reach steady state. On 
the other hand, Fig. 30 is sketched for the 
sinusoidal temperature variation and for specific 
time. It can be seen that the time required to reach 
a complete periodic behavior (vanishing of 
transient period) raises with the Prandtle number 
increasing. The reason of this manner is that the 
inertia force increases with the viscosity force 
increasing which depends on fluid type. 

 
Obviously, the Prandtle number variations 

have no effect on the flow field. Whereas, the 
variation of Prandtle number has significant effect 
on heat transfer as it is presented in several 
figures. In Fig. 31 and Fig. 32, it can be observed 
that the local Nusselt number increases with the 
increasing of the Prandtle number because of the 
rate of temperature change with respect to the Y -
direction high value. This high rate of change 
value is clearly shown in Fig. 35 and Fig. 36 for 
linear and sinusoidal temperature variation 
correspondingly. For the same reason the thermal 
boundary layer thickness decreases with 
increasing Prandtle number values as illustrated in 
Fig. 33 and Fig. 34. 

 
Finally, an attempt was made to study the 

effect of the non-dimensional period and 
amplitude variation for the sinusoidal temperature 
boundary condition at the lower boundary near the 
flat plate. Results for this attempt are presented in 
several figures. The effect of the non-dimensional 
period on the variation of the local Nusselt 
number at the end of the flat plate is illustrated in 
Fig. 37. From this figure, it is clear that the local 
Nusselt number increases slightly with the rising 
of the non-dimensional period increasing. While 
there is not any difference in the temperature rate 
of change with respect to Y -direction as it is 
noticed from Fig. 38. Similar figures are sketched 
in order to demonstrate the effect of the non-

dimensional amplitude. The same trends of curves 
are obtained when sketching these figures in order 
to express the effect of non-dimensional 
amplitude variation in Fig. 39 and Fig. 40. From 
these two figures, it can be observed that the local 
Nusselt number increases with increasing 
amplitude and also there is not any significant 
change in the temperature rate of change with 
increasing amplitude. The reason of the increasing 
in local Nusselt number is due to the direct 
relation with the temperature. 

 
The heat transfer characteristics of the 

present issue for the linear temperature variation 
with position and sinusoidal temperature variation 
with time cases are sketched in the following two 
figures. These figures include the heat transfer 
characteristics of previous work [Qahtan 2005] 
with constant temperature condition for the lower 
boundary. In Fig. 41, it is found that the 
temperature gradient in Y -direction for the 
sinusoidal temperature case is identical to that of 
Qahtan. However, the temperature gradient for the 
linear temperature case has a little distinction in 
magnitudes but the same trend of curves. This 
behavior leads to a similar trend of curves for the 
local Nusselt number variation for Qahtan's work 
and sinusoidal temperature case as shown in Fig. 
42.  

 
 
CONCLUSIONS 

The main focus of this research is to study 
the development of forced convection thermal 
boundary layer development in a porous media 
near a flat plate with variable temperature 
boundary condition by using the finite difference 
numerical technique. It may be concluded that the 
rate of heat transfer increases with the Reynolds 
number and Prandtle number increasing. In 
addition this rate increases with the inertia effect 
and Darcy number decreasing. Furthermore, the 
same trend of curves is obtained for the two cases 
of temperature boundary condition; the first case 
is of linear temperature variation with X-direction 
and the second is of sinusoidal temperature 
variation with time. It can be deduced that the 
time required vanishing the transient behavior of 
the sinusoidal temperature variation and reach a 
complete periodic behavior increases with the 
Prandtle number rising. Finally, the increasing of 
the non-dimensional period and amplitude of the 
sinusoidal temperature variation boundary 
condition case yields an increase in the local 
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Nusselt number. This increasing in Nusselt 
number leads to an increase in the rate of heat 
transfer. 
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NOMENCLATURE 
 
Symbols 
a : Non-dimensional amplitude. 
AL : Inertial parameter for porous medium. 
Cp : Specific heat [ KkgJ . ]. 
Da : Darcy number. 
F : A function used in expressing inertia terms. 
H : Height of porous medium [ m ]. 
k : Thermal conductivity of the porous media. 
K : Permeability of the porous medium [ 2m ]. 
L : Plate length [ m ]. 
Nu : Nusselt number. 
p : Pressure 2mN . 
P : Non-dimensional pressure. 
Pr : Prandtl number. 
Re : Reynolds number. 
t : Time [ s ]. 

*t : Non-dimensional time. 
T : Temperature [ Co ]. 
u : −x Component velocity [ sm ]. 
U : −X Component non-dimensional velocity 

∞uu . 
v : −y Component velocity [ sm ]. 
V : −Y Component non-dimensional velocity 

∞uv . 

mV : Mean value of X  and −Y velocity 
components. 
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x : Horizontal coordinates. 
X : Non-dimensional horizontal coordinate. 
y : Vertical coordinates. 
Y : Non-dimensional vertical coordinate. 
 
Greek Symbols 
α : Thermal diffusivity [ sm 2 ]. 
ε :  Porosity. 
η :  Non-dimensional period. 
ψ :  Non-dimensional stream function. 
ω :  Non-dimensional vorticity. 
ϑ :  Non-dimensional temperature. 

σ : Thermal capacity ratio. 
ρ : Density [ 3mkg ]. 
µ : Dynamic viscosity of fluid [ 2. msN ]. 
 
Subscript     
∞ : Free stream. 
f : Fluid. 
p : Fluid inside porous media. 
eff : Effective. 
w : Wall. 
s :  Solid.
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Fig. (1): The Schematic Diagram of the 
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Fig. (3): Propagation of the Non-Dimensional 
Temperature with Time (Linear). 

Fig. (4): Propagation of the Non-Dimensional 
Temperature Time (Sinusoidal). 

Fig. (5): Effect of Reynolds No. on the Average Nusselt 
Number Variation with Time (Linear). 

Fig. (7): Effect of Reynolds No. on the Temperature at 
the Flat Plate End (Linear). Fig. (8): Effect of Reynolds No. on the Temperature at the 

End of the Flat Plate (Sinusoidal). 

Fig. (6): Effect of Reynolds No. on the Average Nusselt 
No. Variation with Time (Sinusoidal). 
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Fig. (11): Distribution of the Non-Dimensional Temp. at Various Reynolds Number (Linear). 
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Fig. (12): Distribution of the Non-Dimensional Temp. at Various Reynolds Number (Sinusoidal). 

Fig. (9): Effect of the Reynolds Number on the Local 
Nusselt No. along the Flat Plate (Linear). 

Fig. (10): Effect of the Reynolds Number on the Local 
Nusselt No. along the Flat Plate (Sinusoidal). 
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Fig. (13): Effect of Darcy Number on the Average Nusselt Number with Time (Linear). 
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Fig. (15): Effect of Darcy Number on the local 
Nusselt Number along the Flat Plate (Linear). 

Fig. (16): Effect of Darcy Number on the local 
Nusselt Number along the Flat Plate (Sinusoidal). 

Fig. (17): Effect of Darcy Number on the Non-
Dimensional Temp. at the Flat Plate End (Linear). 

Fig. (18): Effect of Darcy Number on the Non-
Dimensional Temp. at the Plate End (Sinusoidal). 
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Fig. (19): Distribution of the Non-Dimensional Temp. at Various Darcy Number (Linear) 
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Fig. (20): Distribution of the Non-Dimensional Temp. at Various Darcy Number (Sinusoidal). 
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Fig. (21): Effect of Inertia on the Average Nusselt Number with Non-Dimensional Time (Linear). 
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Fig. (22): Effect of Inertia on the Average Nusselt Number with Time (Sinusoidal). 
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Fig. (27): Effect of Inertia on the Temperature Distribution at Specific Reynolds Number (Linear). 

Fig. (23): Effect of Inertia on the local Nusselt 
Number along the Flat Plate (Linear). 

Fig. (24): Effect of Inertia on the local Nusselt 
Number along the Flat Plate (Sinusoidal). 

Fig. (25): Effect of Inertia on the Temperature 
at the Flat Plate End (Linear). 

Fig. (26): Effect of Inertia on the Temperature 
at the End of the Flat Plate (Sinusoidal). 
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Fig. (28): Effect of Inertia on the Temp. Distribution at Specific Reynolds Number (Sinusoidal). 
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Fig. (29): Effect of Prandtle Number on the Average Nusselt Number Variation with Time at Specific 

Reynolds Number (Linear). 
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Fig. (30): Effect of Prandtle Number on the Average Nusselt Number Variation with Time at Specific Reynolds 

Number (Sinusoidal). 
 

  0.0 0.2 0.4 0.6 0.8 1.0
X

0

400

800

1200

1600

Lo
ca

l N
us

se
lt 

N
um

be
r N

u

Re=1.0e5
Da=8.0e-6
F=0.001076

Pr=7

Pr=100

 0.0 0.2 0.4 0.6 0.8 1.0
X

0

400

800

1200

1600

Lo
ca

l N
us

se
lt 

N
um

be
r N

u

Re=1.0e5
Da=8.0e-6
F=0.001076

Pr=7

Pr=100

 
 Fig. (31): Effect of Prandtle Number on the Local 

Nusselt Number Variation with Time (Linear). 
Fig. (32): Effect of Prandtle Number on the Local 
Nusselt Number Variation with Time (Sinusoidal). 
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Fig. (33): Effect of Prandtle Number on the Temperature Distribution (Linear). 
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Fig. (34): Effect of Prandtle Number on the Non-Dimensional Temp. Variation (Sinusoidal). 
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Fig. (37): Effect of Period on the Local Nusselt 
Number Variation (Sinusoidal). 

Fig. (38): Effect of Period on the Temperature at 
the Plate End (Sinusoidal). 

Fig. (35): Effect of Prandtle Number on the 
Temperature at the Plate End (Linear). 

Fig. (36): Effect of Prandtle Number on the 
Temperature at the Plate End (Sinusoidal). 
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Fig. (39): Effect of Amplitude on the Local Nusselt 
Number Variation for 01.0=η  (Sinusoidal). 

Fig. (40): Effect of Amplitude on the Temperature at 
the Plate End for 01.0=η  (Sinusoidal). 

Fig. (41): Comparison of the Temp. at the Plate End 
for the Two Temp. Cases and Recent Work 

Fig. (42): Comparison of the Local Nusselt Number 
for the Two Temp. Cases and Recent Work 
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ABSTRACT 

     This study focused on treating wastewater to remove phosphorus by adsorption onto natural 

and local materials. Burned kaolin, porcelinite, bauxite and limestone were selected to be tested 

as adsorption materials.The adsorption isotherms were evaluated by batch experiments, studying 

the effects of pH, temperature and initial phosphorus concentration. The results showed that at pH 

6, temperature 20°C and 300 mg/l initial phosphorus concentration; the sorption capacity was 

0.61, 9, 10 and 13 mg/g at 10 h contact time, for burned kaolin, porcelanite, limestone and bauxite 

respectively. As the pH increased from 2 to 10 the removal efficiency for the materials differs in 

behaviour. The removal efficiency increased from 40 to 90 % for limestone, and decreased from 

60 to 30 % for porcelinite. As for bauxite it increased from 60 to 90 % reaching pH 6 then 

decreased to 30%. Burned kaolin showed the lowest adsorption capacities in these tests. The 

adsorption isotherms showed that the Langmuir–Freundlich model significantly correlated the 

experimental data for   porcelinite and bauxite, whereby the Freundlich model was best for 

limestone. The Freundlich and Langmuir–Freundlich models both fit for Burned kaolin. The 

results show that it is possible to adsorb phosphate from wastewater onto natural Iraqi material 

and their ability could be ranged as limestone> bauxite> porcelanite> burned kaolin. 

 

      KEYWORDS: adsorption, wastewater, phosphorus, bauxite, limestone, porcelanite 
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 الخلاصة
ة  و طبيعية مواد وباستعمال بالامتزاز الفسفور لإزالة  الكلفة واطئة طريقة دراسة تمت البحث هذا في م . محلي ار  ت اؤولين  اختي  الك

ة  آمواد) اللايمستون (الكلسي الحجر و تيالبوآسا، البورسيلينات، المحروق ة  في  محلي زاز  عملي أثير  بدراسة  .الامت رات  ت  المتغي

ة ، الحرارة درجة، الحامضية الدالة من ادة  آمي زة  الم ز ، الممت سفور ال ترآي دة  ف ى  التماس  وم ة  عل زاز  عملي ائج  أظهرت . الامت  النت

م  300و مئوية درجة 20 الحرارة درجة، 6 الحامضية الدالة عند، المختبرية ر / ملغ ز  لت سفور  ترآي اه  في  الف  آانت ، الفضلات  مي

الفسفور من الممتزة الكمية .  و الكلسي الحجر، ليناتللبورسي الكاؤولين ساعات  10 تماس مدة بعد غرام/ملغم 13 و10، 9 ،0.61

سا ى تيالبوآ والي عل ة. الت د التجرب ادة وعن ة زي ضية الدال ن الحام ى 2 م رت 10 ال سبة تغي ة ن سفور إزال ل الف ادة لك لوبأب م  س

اير سبة زادت. متغ ة ن ى 40 من الإزال سي للحجر،  %90 ال ن وانخفضت الكل ى 60 م يلينات % 30 ال ا.للبورس سا  ام  تيللبوآ

ن زادت ى 60 م د % 90 ال ة عن ضية الدال م 6 الحام ضت ث ى انخف ادة %. 30 ال اؤولين م روق الك ت المح واد اضعف آان  الم

      :موديلات  باستخدام  المختبرية النتائج حللت.  في هذه التجاربالفسفور لامتزاز

Freundlich and Langmuir–Freundlich 

سفور  زاز الف ي امت واد ف ذه الم تخدام ه ائج يمكن اس الياظهرت النت شكل الت واد  تترتب  بال ذه الم اءة ه سي الحجر :و  آف   > الكل

  .المحروق الكاؤولين > البورسيلينات  >تيالبوآسا
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INTRODUTION   

   Discharge of phosphate loaded wastewater 

is one of the major sources of phosphorus in 

water bodies, causing environmental 

problems such as eutrophication and algae 

bloom. Different types of natural materials 

have been tested as adsorption media such as 

minerals, rocks, soils and marine sediments. 

These materials can be used as substrates 

with or without pre-treatment in order to 

optimize the phosphorus sorption capacity. 

Among the minerals and rock materials are 

Dolomite and Dolomite sands, Limestone, 

Opoka, Wollastonite, Bauxites, Zeolites, and 

soils such as Marl and Spodosols. Marine 

sediments such as shell sand and maerl have 

also been investigated (Del et al., 2003; 

Siddhesh and Robert, 2004; Bernd and Alan, 

2006; Benjamin, 2007). A short description 

of some of these materials is outlined :  

Limestone: is a sedimentary rock that has 

attracted attention as a candidate substrate 

for phosphorus sorption due to its high 

content of calcium mainly CaCO3. The 

material has been tested in laboratory as well 

as in field studies. The main mechanisms for 

phosphorus sorption were the formation of 

Ca-complexes and precipitation mechanisms 

(Johansson, 1999).  

Opoka: is marine sediment belonging to a 

group of silica-calcite sediments, found in 

the deep strata in the eastern part of Europe 

it has been suggested suitable for wastewater 

treatment (Johansson, and Gustafsson, 1998; 

Brogowski and Renman, 2004).  

Wollastonite: is a calcium metasilicate 

mineral, which is a by-product from the 

mining of Wollastonite and garnet (ferrous 

metasilicate). The material has been 

investigated with regard to phosphorus 

sorption capacity by several researchers 

(Brooks et al., 2000; Hedstrom, 2006). 

Natural Zeolite:  a group of 

aluminosilicates and comprise a large 

number of minerals. Zeolites are 

characterised by high contents of Si- and Al-

oxides, and a three-dimensional structure 

with channels and pores. Different zeolites 

have been investigated, and the sorption 

capacities have been calculated according to 

the Langmuir equation. When mixing 

zeolites with natural resources for 

phosphorus adsorption, they demonstrated to 

have  low sorption capacity which results 

that it is not recommending for phosphorus 

removal (Sakadevan and Bavor, 1998; 

Siddhesh and Robert, 2004; Benjamin, 

2007). 

  

ADSORPTION MEDIA 

In this work four types of natural local 

materials supplied by the state company of 

Geological Survey and Mining were used as 

adsorption medias for phosphate ions. These 

materials are Bauxite, Porcelanite, Burned 

kaolin and limestone, which are obtained 

from various sites at the western part of Iraq. 

They are taken from industrial beds in 
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Tarfawi site the Jandily Vally in Al-Rutba 

region and the west side of Al-Najaf 

city.The selected materials have been chosen 

in this work due to their physical and 

chemical properties which give their ability 

to absorb phosphorus on their molecular 

species from the bulk liquid. Also they are 

of low cost and are locally available. 

The chemical analysis of the adsorption 

media was achieved by using Atomic 

Absorption Spectrophotometer type PYE 

UNICAM SP9 in the state company of 

Geological Survey and Mining. The 

composition of each material used in this 

study is presented in Table 1. 

 
The physical properties of the different 

adsorption media were analyzed in the Oil 

Research and Development Center-Ministry 

of Oil. Table 2 represents the physical 

properties for the selected materials. 

 
ISOTHERM EXPERIMENTS 

Batch experiments were adopted to obtain 

the equilibrium data. Artificial wastewater 

was prepared from dissolving KH2PO4 at 

different concentrations, 50, 100, 200 and 

300 mg/l. Each adsorbent, ranging in weight 

0.1, 1, 5 and 10 g were placed in individual 

500 ml plastic bottles. The bottles were 

placed at fixed positions in a water bath with 

a shaker (Type: Model BS-11). The bottles 

were left for 15min to 120 hrs to permit 

adsorption to reach equilibrium conditions. 

The experiments were conducted at 15, 20, 

30 and 40°C and the shaker was fixed at a 

speed of 100 rpm. The experiments were 

conducted under controlled and uncontrolled 

pH conditions. Buffer solutions, 0.1M of 

H2SO4 and NaOH were added drop wise to 

the water to control the pH. In these runs the 

pH was controlled at 2, 4, 6, 8 and 10. 

Buffer solutions were not added to the 

uncontrolled pH experiments. The details of 

the experimental runs are illustrated in 

Tables 3 and 4. 

  

SAMPLES ANALYSIS 

A spectrophotometer manufactured 

by Shimadzu Cooperation model UV-160V 

was used to identify the absorbance or 

transmittance of each sample at a 

wavelength of 690 nm.Each sample was 

filtered with Whatman filter and diluted to 

appropriate volume using deionized water. 

One ml of ammonium molybdate solution 

and 2 drops of stannous chloride were added 

to the diluted sample . The solution was 

mixed and the color was allowed to develop 

for 10 minutes. The resulting blue colored 

complex was analyzed by visible range 

colorimetry method on the 

spectrophotometer and the concentrations of 
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phosphorus remaining in the solutions were 

found from the prepared calibration curve  

 

ٌٍُRESULTS AND DISSCUSION 

 Effect of Initial Phosphate 

Concentration  

Experiments where undertaken to study the 

effect of various initial concentrations 50, 

100, 200 and 300 mg/l at 20°C on phosphate 

removal using burned kaolin, porcelanite, 

bauxite and limestone  as adsorbents. The 

removal efficiency of phosphate from the 

solution and the sorption capacity (q), were 

calculated. Figures 1-4 indicate a rapid 

initial uptake rate of phosphate at the 

beginning and, thereafter, the adsorption 

capacity remaining almost constant. The 

adsorption of phosphate reached equilibrium 

at variable times according to the initial 

concentration of phosphate and also to the 

type of the adsorption media. The higher the 

initial concentration of phosphate species, 

the larger is the amount of phosphate species 

adsorbed. The variation in the extent of 

adsorption increase is due to the fact that 

initially, all sites on the surface of sorbent 

were vacant and the solute concentration 

gradient was relatively high.  Consequently 

the extent of phosphate species uptake 

decreases significantly with the increase of 

contact time, which is dependent on the 

decrease in the number of vacant sites on the 

surface of adsorption media. After lapse of 

some time, the remaining vacant surface 

sites are difficult to be occupied due to 

repulsive forces between the solute 

molecules on the solid surface and the bulk 

phase (Mezenner and Bensmaili, 2008; 

Krishnan and Haridas, 2008; Boujelben et 

al., 2008, Zhu et al., 2008).  

Figures 1 to 4 show that kaolin has a 

very low adsorption capacity ranging from 

0.1 to 0.6 mg/g when increasing the 

phosphorus concentration from 50 to 300 

mg/L. However, the adsorption capacity was 

high in bauxite 2-13 mg/g, limestone 2-10 

mg/g and in porcelanite 2-9 mg/g, showing 

good adsorption activity in these materials. 

It can be observed from Figures 5 to 

8 that the percentage of phosphate removal 

decreased with increasing the initial 

phosphate concentration. Very low removal 

was observed using kaolin reaching 6% at 

50 and 100 mg/l phosphate and decreased to 

4% for 300 mg/l phosphate. High percentage 

removal ranging from 80-90% was observed 

with bauxite for the different concentrations 

of phosphate. As for limestone, 70 to 80% 

removal was achieved and 50 to 70% for 

poreclanite. 

The lower uptake at higher 

concentration resulted from an increased 

ratio of initial number of moles of phosphate 

to the available surface area hence fractional 

adsorption becomes dependent on the initial 

concentration. For a given adsorption dose 

the total number of available adsorption sites 
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is fixed thereby adsorbing almost the same 

amount of adsorbate, thus resulting in a 

decrease in the percentage removal. Similar 

conclusions were also observed for the 

adsorption of phosphate from aqueous 

solutions onto different materials by 

Hameed et al., 2007 and  Krishnan and 

Haridas 2008. 

 

EFFECT OF TEMPERATURE  
The effect of temperature on the phosphate 

adsorption rate (qe) was studied over the 

temperature range of 15, 20, 30 and 40°C. It 

can be observed from figures 9-12 that the 

phosphate adsorption rate on these 

adsorbents increases with increasing the 

temperature. This indicates that the 

adsorption of phosphate ions was favored at 

higher temperatures. The sorption of 

phosphate is endothermic, thus the extent of 

adsorption increased with increasing 

temperature. Also the difference in the 

adsorption rate of the studied adsorbents is 

due to the difference in physical and 

chemical composition. The maximum 

adsorption rate was very low in kaolin and 

increased from about 0.005 to 0.01 mmol/g 

with increasing the temperature. Bauxite 

produced the highest adsorption rate 0.14 to 

0.15 mmol/g where the rates of porcelanite 

and limestone were about the same. Similar 

trend was also observed for phosphate 

removal reported by Huang et al., 2008; 

Krishnan and Haridas 2008; Boujelben et 

al., 2008 and Zhu et al., 2008. 

 

EFFECT OF PH  

To examine the effect of pH on the 

adsorption of phosphate, batch experiments 

using phosphate solution with initial 

concentration of 300 mg/l were conducted. 

Ten grams of each adsorbent was added to 

500 ml of phosphate solution. The pH of the 

solution increased from 2, 4, 6, 8 and 10. 

Figure 13 show the effect of pH on the 

removal efficiency for the selected medias at 

10 h contact time and 200C.  A very slight 

effect of pH on the performance of burned 

kaolin can be observed where the removal 

efficiency didn’t exceed 4%. For porcelanite 

and bauxite adsorbents, the removal 

efficiency increased as the pH increased and 

reached a maximum value of 65% at pH 4 

for porcelanite and 85% at pH 6 for bauxite. 

As the pH increased to 10, the removal 

efficiency decreased gradually to about 35% 

for the two medias. For limestone the 

situation was different, as the pH increased 

the removal efficiency increased from 35% 

to 90%. 
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MODELING OF SORPTION 

EQUILIBRIUM  

In order to optimize the design of an 

adsorption system to remove phosphate from 

aqueous solutions, it is important to establish 

the most appropriate correlation for the 

equilibrium curves. The isotherm data were 

analyzed using three of the mostly used 

equilibrium models. Langmuir, Freundlich 

and Langmuir-Freundlich. 

The experiments were conducted at 

temperatures 15, 20, 30 and 40°C for 10 g 

adsorbent dose, pH 6, and the initial 

phosphate concentration ranging 50, 100, 

200 and 300 mg/l. The Langmuir model is 

an ideal model for homogenous monolayer 

adsorption while the langmuir-Freundlich 

model is obtained by introducing a power 

law expression of the Freundlich model into 

the Langmuir model. The best fit values of 

the model parameters estimated by linear 

regression analyses are listed in Tables 5-8 

for the different materials. The correlation 

coefficients (R2), provides measurement of 

model fitness. A comparison of the 

experimental isotherms with the adsorption 

isotherm models showed that the Langmuir 

equation represented the poorest fit of the 

experimental data for burned kaolin as 

compared to the other isotherm equations. 

For poreclanite, bauxite and limestone the 

best fits are Freundlich, Langmuir-

Freundlich and Freundlich, repetitively.  

 

CONCLUSIONS 

The results of the present study can 

provide a process for developing a low-cost 

technology based on adsorption by burned 

kaolin, porcelanite, bauxite and limestone 

for phosphate removal from wastewater. The 

following points can be concluded from the 

present study: 

• Burned kaolin, porcelanite, bauxite 

and limestone could be employed as 

adsorbents in the removal of phosphates 

and their ability could be arranged in the 

following order: Limestone> Bauxite> 

Porcelanite> Burned kaolin 

• As the initial concentration of 

phosphate species increases 50 to 300 

mg/l, the amount of adsorbed phosphate 

species on the adsorbent increases. The 

adsorption capacity in bauxite and 

limestone and porcelanite ranged 2-13 

mg/g with increasing the phosphate 

concentration in the solution. 

• The percent of phosphate removal 

decreases as the initial concentration of 

phosphate increases 50 to 300 mg/l.  It 

increased 80-90% in bauxite, 70-80% in 

limestone and 50-70% in poreclanite. 

Kaolin showed very low removal 

efficiency.  

• As the temperature increases 15-

40°C  the adsorption rate increases over 

the studied adsorbent which indicates that 
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the adsorption of phosphate was favoured 

at higher temperature, since the adsorption 

of phosphate is endothermic.Bauxite 

showed the highest rate 0.14-0.15 mmol/g 

where porcelanite and limestone were 

about the same. Very low rates 0.005-0.01 

mmol/g was observed in kaolin. 

• The adsorption process is highly 

dependent on the pH of the solution. For 

porcelanite and bauxite the removal 

efficiency increased as the pH increased 

and reached a maximum value of 65% at 

pH 4 and 85% at pH 6 for porcelanite and 

bauxite respectively. Then the removal 

efficiency decreased. For limestone the 

situation was different, the removal 

efficiency increased and reached a 

maximum value 90% at pH 10. 

•  The adsorption isotherms of 

phosphate could be well described by 

Langmuir-Freundlich models for 

porcelanite and bauxite, while the 

Freundlich model for limestone. The two 

models, Freundlich and Langmuir-

Freundlich, could be used for burned 

kaolin. 
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Table 1 Chemical Composition of Adsorption Media 

SiO2 Al2O3 Fe2O3 MgO CaO SO3 L.O.I Material 
Wt.% 

Bauxite 30.25 60.59 1.19 2.48 6.45 - 0.14 
Porcelanite 59.5 28.25 1.08 <1 <1 - 0.1 
Burned Kaolin 53.95 40.49 1.21 0.95 2.46 0.80 0.14 
Limestone 5.000 4.000 2.50 2.50 85.3 - 0.7 
 
 

Table 2 Physical Properties of the Adsorption Media 

Material Surface Area, m2/g Pore Volume 
cm3/g 

Bulk Density 
g/cm3 

Bauxite 82.02 0.18 0.78 
Porcelanite 16.68 0.25 1.05 

Burned Kaolin 0.23 0.03 1.10 
Limestone 9.17 0.26 0.83 

 
 

Table 3 Controlled pH Experiments 
 

Run Temp. 
˚C 

pH Time 
hr 

Phosphate 
concentration 

mg/l 

Weight of 
adsorbent 

g 

Particle 
mesh no. 

Type of 
adsorbent 

1 20 2, 4, 6, 8 and 10 0.25  -120 
 

300 10 (8-16) Limestone 

2 20 2, 4, 6, 8 and 10 0.25  -120 
 

300 10 (8-16) Kaolin 

3 20 2, 4, 6, 8 and 10 0.25  -120 
 

300 10 (8-16) Bauxite 

4 20 2, 4, 6, 8 and 10 0.25  -120 
 

300 10 (8-16) Porcelanite 

 
 

Table 4 Uncontrolled pH Experiments 
 

Run Temp., ˚C Time 
hr 

Initial 
concentration 

mg/l 

Weight of 
adsorbent g 

Particle 
mesh no. 

Type of 
adsorbent 

1 15, 20, 30 and 40 0.25 up 
to 48  

50, 100, 200 and 
300 

0.1, 1, 5 and 
10 

(8-16) Limestone 

2 15, 20, 30 and 40 0.25 up 
to 48  

50, 100, 200 and 
300 

0.1, 1, 5 and 
10 

(8-16) Kaolin 

3 15, 20, 30 and 40 0.25 up 
to 48  

50, 100, 200 and 
300 

0.1, 1, 5 and 
10 

(8-16) Bauxite 

4 15, 20, 30 and 40 0.25 up 
to 48  

50, 100, 200 and 
300 

0.1, 1, 5 and 
10 

(8-16) Porcelanite 

Table 5 Isotherm Constants for Phosphate Adsorption onto Burned kaolin 
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Temperature, °C Parameters 15 20 30 40 

Langmuir 
qm mmol/g 0.011 0.011 0.012 0.015 
b (L/mmol) 0.327 0.482 0.594 0.709 
R2 0.974 0.981 0.966 0.993 
Freundlich 
n 1.073 1.584 1.509 1.699 
kf (mmolL-1/ng-1L1/n) 0.003 0.003 0.005 0.520 
R2 0.992 0.998 0.994 0.997 
Langmuir-Freundlich 
n 0.998 0.991 0.975 1.010 
k (mmol/L) 2.725 2.744 2.780 26.60 
R2 0.994 0.993 0.978 0.994 
 

Table 6 Isotherm Constants for Phosphate Adsorption onto Porcelanite 
 

Temperature, °C Parameters 15 20 30 40 
Langmuir 
qm mmol/g 0.138 0.173 0.176 0.156 
b (L/mmol) 0.851 0.736 1.389 3.433 
R2 0.985 0.966 0.975 0.983 
Freundlich 
n 1.465 1.361 1.452 1.780 
kf (mmolL-1/ng-1L1/n) 0.061 0.073 0.109 0.139 
R2 0.989 0.986 0.965 0.952 
Langmuir-Freundlich 
n 0.998 1.019 1.047 1.018 
k (mmol/L) 2.722 2.670 130.1 122.8 
R2 0.989 0.987 0.968 0.955 
 

Table 7 Isotherm Constants for Phosphate Adsorption onto Bauxite 
Temperature, °C Parameters 15 20 30 40 

Langmuir 
qm (mmol/g) 0.960 0.260 0.227 0.205 
b (L/mmol) 0.332 4.816 3.447 18.88 
R2 0.953 0.961 0.999 0.951 
Freundlich 
n 1.073 1.403 1.509 1.699 
kf (mmolL-1/ng-1L1/n) 0.264 0.404 0.248 0.520 
R2 0.999 0.998 0.991 0.878 
Langmuir-Freundlich 
n 1.003 0.999 1.039 0.987 
k (mmol/L) 283.7 19.82 25.00 4.953 
R2 0.999 0.999 0.992 0.954 
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Table 8 Isotherm Constants for Phosphate Adsorption onto Limestone 
 

Temperature, °C Parameters 15 20 30 40 
Langmuir 
qm mmol/g 0.227 0.185 0.134 0.133 
b (L/mmol) 0.829 1.336 6.713 16.29 
R2 0.988 0.956 0.989 0.987 
Freundlich 
n 1.313 1.505 2.286 3.142 
kf (mmolL-1/ng-1L1/n) 0.107 0.109 0.131 0.142 
R2 0.993 0.998 0.996 0.991 
Langmuir-Freundlich 
n 0.997 1.037 1.081 1.304 
k (mmol/L) 115.9 62.56 11.25 3.098 
R2 0.998 0.999 0.973 0.902 
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Figure 1 Variation of Sorption Capacity for burned kaolin at several initial phosphate 

concentrations at 20°Cand pH 6. 
 



M.I. Abdul Wahab                                                           Removal Of Phosphorus From Wastewater 
A. S. Alsaqqar                                                                   By Adsorption Onto Natural Iraqi Materials 
S. K. Ali 

 
 

 406

0

1

2

3

4

5

6

7

8

9

10

0 2 4 6 8 10 12 14 16 18

Time (h)

So
rp

tio
n 

C
ap

ac
ity

, q
t (

m
g/

g)

50 mg/L

100 mg/L
200 mg/L

300 mg/L

 
Figure 2 Variation of Sorption Capacity for Porcelanite at several initial phosphate 

concentrations at 20°Cand pH 6. 
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Figure 3 Variation of Sorption Capacity for Bauxite at several initial phosphate 

concentrations at 20°Cand pH 6. 
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Figure 4 Variation of Sorption Capacity for Lmestone at several initial phosphate 

concentrations at 20°Cand pH 6. 
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Figurer 5 Effect of initial concentration of phosphate ions in the solution on removal 

efficiency onto Burned kaolin at 20°C, pH 6. 
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Figure 6 Effect of initial concentration of phosphate ions in the solution on removal 

efficiency onto Porcelanite at 20°C, pH 6. 
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Figure 7 Effect of initial concentration of phosphate ions in the solution on removal 

efficiency onto Bauxite at 20°C, pH 6. 
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Figure 8 Effect of initial concentration of phosphate ions in the solution on removal 
efficiency onto Limestone at 20°C, pH 6. 
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Figure 9 Phosphate adsorption rate at various temperatures using Burned kaolin as 

adsorbent. (Contact time 10h, dose 10g and pH 6). 
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Figure 10 Phosphate adsorption rate at various temperatures using Porcelanite as 

adsorbent. (Contact time 10h, dose 10g and pH 6). 
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Figure 11 Phosphate adsorption rate at various temperatures using Bauxite as adsorbent. 

(Contact time 10h, dose 10g and pH 6). 
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Figure 12 Phosphate adsorption rate at various temperatures using Limestone as adsorbent. 
(Contact time 10h, dose 10g and pH 6). 
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Figure 13 Effect of pH on the adsorption removal efficiency using different adsorption 
media (initial phosphate concentration 300 mg/l, dose 10g and temperature 20°C and 

contact time 10 h). 
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  تكاملية عمل المبنى كمنظومة موظفة للتكنولوجيا المتقدمة في مواجهة 

  . المناخية الخارجيةظروفال

  
  

 
 -: البحثصستخلم

تطور المجتمعات على مدى قدرتها وقابليتها على التلاؤم مع التغيرات اللازمة والمستمرة لتطوير استجابتها مع البيئة المناخية جزء من يعتمد 
بها، وقد كان للتطور التكنولوجي الأثر المباشر على هذا المفهوم وأهمية توجيهه بالإتجاه الصحيح لأبنيتنا وبصورة تتواءم مع المتغيرات المحيطة 

  .المناخية المحلية
لمحلي المحيط بها ونظراً لقلة الدراسات التي تركز على أهمية تكاملية البيئة المناخية مع التكنولوجيا المعاصرة وبما ينسجم مع الواقع ا

 ،أبنية تمتاز أغلفتها بديناميكية عالية مستجيبةً للظروف المناخية المحيطة بها إرتأى البحث دراسة أهمية توظيف التكنولوجيا المعاصرة في انشاء
 تاجإنالأمر الذي يفضي الى  ، لتوفير الراحة لشاغليها وبأسلوب يحفظ الطاقة ويوفرهاتكاملمطوعةً تصميمها العام شكلاً ووظيفةً لتعمل ككل م

 ومنتميةً لواقعها المحلي، مستفيدةً من مواردها وطاقاتها تتمتع بالقدرة والقابلية والكفاءة على مواجهة الظروف المناخيةمباني صديقة للبيئة 
  .المتجددة بما ينعكس إيجاباً على تحسين البيئة الداخلية لهذه المباني

المية في هذا المجال بغية استخلاص تلك الأفكار وتوظيفها في المباني العراقية وبما ينسجم مع وقد تعرض البحث لتجارب عربية وع
 الجاف وذلك لمواكبة التطور التكنولوجي العالمي ومن ثم إيجاد مباني كفوءة طاقوياً تسهم في المحافظة على موارد –مناخنا المحلي الحار 

   .العراق
 

   :مشكلة البحث
 الفعالة والهجينة على حد سواء، - ثر البعد التفاعلي لمنظومات المبنى التشغيلية المنفعلةأ توضيح ادفة نحوقلة الدراسات اله

بنية المتوافقة مع البيئة المناخية بتوظيفها للإمكانات  الأقلة عن التقليدية منها والمتقدمة في التجاوب والتداخل مع البيئة المحيطة فضلاً
  .عصرنا الحاليالتكنولوجية المتاحة في 

 
   :أهداف البحث

 بغية تحقيق الخارجيتوضيح أهمية وكيفية تفاعل المبنى ومنظوماته مع البيئة المحيطة باعتباره متنفس حي يؤثر ويتأثر بالمحيط  •
  .أعلى درجات الراحة للبيئة الداخلية وبأعلى أدائية ممكنة وبأقل الكلف

  المعاصر والمتقدم فضلاًالتكنولوجي قدمة على مواجهة الظروف المناخية مستفيدة من التإيجاد أبنية تتمتع بالقدرة والقابلية والكفاء •
  .عن الإمكانات المتاحة التي توفرها البيئة المناخية المحيطة
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AN INTEGRATIVE OF BUILDING’S WORK AS AN EMPLOYED SYSTEMATIC OF THE HIGH TECHNOLOGY IN FACE THE EXTERNAL 

CLIMATIC CONDITIONS 

ABSTRACT: 

A society development mainly depends on its capability and ability of suitability with the necessary 

and continuous changing for developed its response with the climatic environment surrounded, and the 

technology developments take place of direct influence on this understood and an imported positioned to the 

right direct for our buildings to be in agreement form with the surrounded climatically environment.  

And because of little researches which focused on the integration importance between the climatic 

environment and the contemporary technology to be in agreement with its surrounded actual local whereas, so 

the research consider to study the importance of employing the contemporary technology in construct 

complementary buildings to be distinguished by its high dynamic envelopes, responding to its climatic 

conditions embracing, subdued its general design (form and function)  

to work as whole unified to economize comfort for its occupants in way which save and prepare energy & it 

will enable us to produce harmless building to the surroundings & have the ability to  

face the various internal environments, beneficiary from its watering place and renewed energies to  

be obligation inverted on interior environment improvement of these buildings, already the  

research introduce Arabian and national experiments in this field for getting out these concepts  

and employing it in Iraqi buildings in according to our hot-arid climatic for escorting the  

international technology development, and then finding qualify energy buildings to give a share  

in conservation on Iraqi resources. 
  

   :كلمات رئيســة
مبنى تكاملي، منظومات تشغيلية تكامل البيئة المناخية والتكنولوجيا المعاصرة، الغلاف الديناميكي للمبنى، التوازن الحراري، 

  .للمبنى

  :ةـــالمقدم
متكامل ملبي لحاجات شاغليه يتطلب إن تحقيق مبنى 

مراعاة التصميم على مستوى الجزء والكل وذلك بواسطة تطويع 

 ووظيفة بفعل قصدي وفكري يشمل التصميم العام للمبنى شكلاً

ليعمل ) المنفعلة، الفعالة والهجينة(تصميم منظوماته التشغيلية 

غلين وبما المبنى بآلياته وتقنياته المختلفة ككل موحد في خدمة الشا

يوفر الطاقة ويحقق الراحة الداخلية الملائمة آخذا بنظر الاعتبار 

مواءمة المبنى وتداخله مع البيئة الطبيعية الخارجية متفاعلاً معها 

مستفيداً من مواردها وطاقاتها المتجددة بما يخدم إيجاباً في تحسين 

لينبع البيئة الداخلية بأقل الكلف وبتوظيف التكنولوجيا المتقدمة 

التصميم من بيئته ويؤلف جزءاً لا يتجزأ منها وفي ذات الوقت 

مستجيباً لها من خلال شكله وغلافه الخارجي اللذان يعملان 

كوسيلة للحماية من المتغيرات المناخية الخارجية، ليكون النتاج 

متحكم بالمتغيرات البيئية من جهة ) متنفس حي(مبنى ديناميكي 

ئة الداخلية وبأعلى أدائية ممكنة وحافظاً للطاقة وملبياً لمتطلبات البي

 جاف فان - من جهة أخرى، وبما إن العراق ذو مناخ حار

 طويلة من السنة مما مواسمالتعرض للإشعاع الشمسي يكون ل

يوفر ويمنح الإمكانية العالية في تطويع الطاقة المتجددة غير 

اً كأساس  ثاني.الناضبة للشمس أولاً فضلاً عن الرياح وغيرها

لاستغلالها لدى تصميم المبنى، بغية تقليل استهلاك الطاقة 
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بالاستفادة من البيئة المحيطة والتوصل إلى مبنى تكاملي عالي 

 . الأدائية

    

 -:المبنى كمتنفس حي
تعتبر المباني بصورة عامة منشآت ثابتة، في حين يمكن 

لمتطلبات ر ايلغلافها البنائي أن يصبح ديناميكياً وحساساً لتغي

والظروف البيئية، فيسمح تارةً بدخول المصادر البيئية الخارجية 

 كالحرارة، والضوء، والهواء، والصوت، ويحجبها تارةً أخرى
)Bradshaw ،1985 ، 77ص(.  

وتشبه دراسة الغلاف البنائي الى حدٍ ما دراسة غلاف 

النبات، فمن خصائص النبات أن يتضمن في الطبقات العميقة خلايا 

حيفة وأكثر سماحاً للنفوذ وعلى العكس في السطح، وبذلك ينتظم ن

. الخارج ويحقق التوازن مع الجو الخارجيبالتنفس والإتصال 

ويؤمن تنوع هذه الحمايات تخفيف التبخر وتخفيف وطأة ضوء 

النهار المبهر، ويحمي النبات من التباين الحراري الكبير السائد في 

كما يمكن . لتي من ضمنها العراق الجافة وا–المناطق الحارة 

الإستفادة من ميزة التكيف حسب اختلاف الطقس لدى النبات في 

المنشآت العمرانية، وذلك بالتمكن طبيعياً من تأمين تسرب الشمس 

سلقيني، ( والتهوية داخل المبنى وحسب الحاجة وضمن حدود الراحة

 .)166، 165ص ، 1997

 كحـاجز مـستقر     ويعمل كل عنصر في الغلاف البنائي     

)Static Barrier) (وكعنـصر تحـول   )مثل الجدران المألوفة ،

مثل الكاسرات  (، أو كمنظم معدل     )مثل النوافذ والأبواب  (وإنتقال  

  ).الشمسية المتحركة

وإذا كانت الظروف المناخية الخارجية شديدة ومزعجة،       

ــة   ــون بهيئـ ــم يكـ ــى الملائـ ــلاف المبنـ ــإن غـ   فـ

المناخية التي تكـون مرغوبـة      أما في الظروف    . حاجز مستقر 

  أحيانــاً، وغيـــر مرغوبــة أحيانـــاً أخــرى، فـــإن    

الغلاف البنائي يفترض أن يكون ديناميكياً يمكن ضبطه والتحكم         

ــائي   ــار بنــ ــساطة إطــ ــصبح ببــ ــه، فيــ   فيــ

  .)77ص ، Open Structural Frame( )Bradshaw ،1985(مفتوح 

ئة لذا يمكننا تشبيه المبنى بكائن حي يتفاعل مع البي

المحيطة من خلال سلوكه الحراري إذ يؤثر فيها وتؤثر فيه، 

ويحقق المبنى توازناً حرارياً من خلال تصميمه بطريقة مرنة 

ومن خلال غلافه البنائي الذي له الدور الأساس في عمليات 

السيطرة الحرارية للبيئات الداخلية للمبنى، ويمتاز الغلاف 

ر مستمر والتي تحدث كرد يغيالبنائي بديناميكة ومرونة عالية وت

فعل وإستجابة للتأثيرات المناخية الخارجية والمتقلبة في المناطق 

 الجافة وصولاً لتخفيض الأحمال الحرارية المسلطة –الحارة 

على المبنى، ومن ثم تحقيق أقصى حالات الراحة الحرارية في 

  .)693 ص ،15، مجلد 2009كمونة، ( بيئته الداخلية

حث ان غلاف المبنى يعد المسؤول وهنا يجد الب

الأساس عن حماية المبنى من الظروف المناخية الخارجية 

  .وتوفير الراحة الحرارية لشاغليه

  
 :الغلاف البنائي والبيئة الخارجية

يعَرَّف غلاف المبنى على انه الوسيط بين البيئتين الخارجية 

ة بظروف الراحة المتمثل(والداخلية ) والمتمثلة بالمتغيرات المناخية(

ويتألف غلاف المبنى من ). الحرارية المطلوبة داخل البيئة المبنية

مجموعة المواد، والعناصر، والمركبات البنائية التي تجتمع في تطويق 

، Bradshaw ،1985( الحيز الفضائي الإجمالي للفعاليات البشرية القائمة فيه

 .)77ص

طة به من خـلال     وتنتقل الحرارة بين المبنى والبيئة المحي     

مختلف عناصر ومكونات الغلاف البنائي، حيث يتعرض المبنى يومياً         

 لكافة أنواع الإنتقال الحراري وبأطوراه المعروفة والتي قسمت الـى         
)Givoni ،1998،110 ص(:  

 )Sensible Heat(أطـوار الحـرارة المحـسوسة     •

التوصـيل الحـراري والحمـل      (وصورها الثلاثـة    

 ).راريالحراري والإشعاع الح

 بصيغ تحـول  )Latent Heat(أطوار الحرارة الكامنة  •

  .المادة وصورها التبخير والتكثيف

وتلعب طبيعة ونوعية وسمك الجدار الخارجي للمبنـى        

دوراً أساسياً في التأثير على كمية الحرارة المكتسبة الى داخـل           

المبنى صيفاً أو تسربها الى خارج المبنى شتاءاً، لذا فإن فاعلية           

داء الغلاف البنائي تُعد أحد العوامل الأساسية في الـتحكم فـي            أ

  .درجات الحرارة داخل المبنى

ويعتمد التجاوب الحراري لأي غلاف بنائي علـى قابليـة          

فـي كـسب أو     ) الخ...سقوف، وجدران، وفتحات،    (عناصره من   

  .)60 ص ،2، مجلد 2009كمونة، ( فقدان الحرارة لمختلف فصول السنة

تقال الحراري عبر غلاف المبنـى بـسبب        ويحدث الإن 

إختلاف درجات حرارة السطحين الخارجي والداخلي للغـلاف،        

فتنتقل الحرارة من السطح ذي الدرجة الحـرارة الأعلـى الـى            

السطح ذي الدرجة الحرارة الأوطأ، وإعتماداً علـى الإنتقاليـة          

والتـي  ) Thermal Transmittance(الحرارية بين السطحين 
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ن أساسيين هما الكسب الحراري من خارج المبنى الى         تأخذ شكلي 

داخله والفقدان الحراري من داخل المبنى الى خارجه وصـولاً          

  .الى الموازنة الحرارية بين البيئتين الداخلية والخارجية

وكفاءة أداء الغلاف البنائي الذي يقـوم بـدور المـنظم           

مبنى تتحقق  والصمام الحراري بين البيئتين الخارجية والداخلية لل      

من خلال تصميمه الصحيح الذي يضمن توفير درجات حـرارة          

ملائمة داخل فضاء المبنى وتقليل الحمـل الحـراري المـرتبط           

مباشرةً بعمليات الكسب والفقدان الحراري عبر مكونات الغلاف        

   .البنائي
وبهذا فإن غلاف المبنى يمثل المنظومة الحرارية للمبنى 

الحرارية الخارجية، فهو يتحكم ويسيطر والمعرضة لجميع الأحمال 
على جميع أساليب السيطرة الحرارية المنظمة للبيئة الداخلية للمبنى 
وصولاً الى حدود الراحة الحرارية لشاغليه، إذ تحدث خلاله جميع 
صيغ إنتقال الحرارة من الداخل للخارج والعكس، ومن خلال كفاءته 

كمونة، ( اتها المختلفة داخل المبنىالأدائية تتم السيطرة المناخية بمستوي

  .)692، 689  ص،15، مجلد 2009
ومما تقدم يجد البحث ان الغلاف البنائي يقوم بدور التنظيم 

من أسطح (الحراري للمبنى من خلال مواجهة جميع مكوناته 
) خارجية وداخلية وطبقات مادته البنائية والفضاءات الهوائية

  .للمؤثرات الحرارية الخارجية
 

  -:ستراتيجية التوازن الحراري في المبنى
ان ظاهرة الدورة المناخية السنوية والطقس اليومي في 

 الجافة ومنها البيئة المناخية العراقية ولدت –المناطق الحارة 
تبايناً في الخصائص الحرارية، الأمر الذي نجم عنه عدم 
استقرار للبيئة الداخلية للمبنى والمستدل عليه من الفرق 

حراري داخل المبنى بين النهار الحار والليل البارد، وبين ال
الصيف الحار والشتاء البارد في هذه المناطق، وهو مايفسر 
حدوث ظاهرة الإنتقال الحراري، حيث توزع الحرارة نفسها 
بالتساوي الى أن تحقق حقل حراري منتظم منتشر على نحو 

الى مناطق كامل، متجهةً من مناطق ذات درجات حرارة عالية 
  .)689-688 ص، 15مجلد  ،2009كمونة، ( ذات درجات حرارة واطئة

ففي الشتاء يكون الهدف تقليل الفقدان الحراري 
)Minimize Heat Loss ( من البيئة الداخلية للمبنى الى المحيط

 Promote Heat(الخارجي ومحاولة السماح للكسب الحراري 
Gain (في الصيف ينعكس الحال العكسي من الخارج الى الداخل، و

 Promote Heat(فيكون الهدف محاولة زيادة الفقدان الحراري 
Loss ( من البيئة الداخلية للمبنى الى الخارج وتقليل الكسب الحراري

)Minimize Heat Gain (المعكوس.  

وبهذه الفكرة الأساسية تخضع جميع وسائل السيطرة 
فس المبدأ المذكور في المناخية في عملها لتلك القاعدة، ويطبق ن

، Watson&Labs( الدورة اليومية للطقس بين ساعات الليل والنهار

1983(.  
 –وبهذا فإن تصميم أغلفة المباني في المناطق الحارة 

الجافة يجب أن يكون نابعاً من تحقيق أعلى توازن حراري بين 
 ص ،15، مجلد 2009كمونة، (  الباردةمواسم الحارة والمواسممتطلبات ال

702(.  
 الوظيفي الدور له البنائي الغلاف ويؤكد البحث الى ان

 وتوفير الخارجية المناخية المؤثرات من المبنى حماية في الأساس
 الغلاف في الفتحات تعمل إذ لشاغليه، الحرارية الراحة حالات
 والرطوبة، للحرارة منتظماً تحكماً مؤمنةً تهوية كأجهزة البنائي
 المناخية المؤثرات تجاه البنائي الغلاف كيةدينامي إزدادت وكلما

 العوامل مع المبنى تجاوب إمكانية في كفاءته زادت الخارجية
 .المؤثرة المناخية

  
  :تكنولوجيا البناء المتوافقة مع البيئة الطبيعية

 عند البيئية بالعوامل الخليقة بدأ ومنذ الشعوب جميع تأثرت
 فيه يتم بأسلوب ويشيد صممي أنفضل ي لمبانيها، فالمبنى تصميمها

 الطاقات على أكبر بصورة والاعتماد الحفري للوقود الاحتياج تقليل
، المختلفة وعناصره المناخ مع المبنى يتكيف أن الطبيعية، لذا يجب

 البيئة الطبيعية من جزءاً يصبح البناء فيها ينتهي التي اللحظة ففي
 فإذا، الخ... رياحوال والأمطار لتأثيراتها كالشمس معرضاً ويصبح
 نفس وفي المناخية والمشكلات الضغوط يواجه أن المبنى استطاع
 أجل من المتاحة والطبيعية المناخية الموارد جميع يستعمل الوقت
 المبنى هذا على يطلق أن فيمكن المبنى داخل الإنسان راحة تحقيق
  .)http://images.google.com/imgres?imgurl( مناخياً متوازن بأنه

ومن ضمن الامور الاساسية التي تـدور عليهـا أبحـاث            

والتـي تعنـي    " تكنولوجيا البناء المتوافقة  "المعماري حسن فتحي هي     

التوافق بين التكنولوجيا والبيئة الطبيعية وما تحويه من مـواد، ومـا            (

إن  التقـدم    ": فتحي بهذا الـصدد   ويقول حسن   ). يسود فيها من مناخ   

 لأن التكنولوجيـا كانـت تهـدف        ،التكنولوجي له الكثير من المزايا    

باستمرار إلى تحكم الإنسان في البيئة المحيطة به، وأنه يجب علـى            

الإنسان أن يخضع معدلات التغيير لطبيعته من نفسه، لا أن يخـضع            

يـه الأبنيـة    عندما نعتبر حركة الشمس في توج     " :ويضيف". نفسه لها 

للحصول على الأشعة أو تحاشيها، وعنـدما نعتبـر حركـة الهـواء             

الخارجي لخلق التيارات داخل الأبنية وخارجها، فإننا سندخل المتغيرات         

اـر       ) الجيوفيزيقية(الكونية والأرضية    في التصميم، وإذا أخذنا في الاعتب

اـ   العلوم الإنسانية والطبيعية كالأيروديناميكا والفسيولوجيا و      الطبيعة، فإنن
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سنحقق المعاصرة في أجلى معانيها، وإذا كان الإنسان القديم قـد            بذلك

إـن الإنـسان             توصل إلى المعاصرة عن طريق المعرفة المباشـرة، ف

 "التحليليـة  الحديث يمكنه التوصل إلى المعاصرة عن طريـق العلـوم         
)www.biblioislam.net/ar/scholar/card(.  

لذا من المهم إدراك أهمية التكنولوجيا ومساهمتها فـي         

 ففي الوقت الحالي باتت عملية التـصميم عمليـة          ،تطور البناء 

تكاملية هدفها الحفاظ على البيئة والنظام الايكولوجي مع تحقيق         

لعاليـة   التكنلوجيا احاجة المجتمع الانساني بكافة متطلباته موظفاً    

وبما يناسب البيئة المحيطة كحال توظيف الملاقف الهوائية ذات         

 القابلة للفتح والغلق ولها القدرة علـى تغييـر      )1(الأقنعة المؤتمتة 

اتجاهها وتوظيف أنواع التزجيج الذكي والمتعدد الطبقـات بمـا          

يسمح بنفوذ الضوء دون الحرارة ليعمل كمنظومة منفعلـة مـع           

الطبقـات العاكـسة     العوازل المتقدمة ذات  اختيار نوع المادة و   

 عن توظيف الخلايا الكهروضوئية وغيرها من التقنيـات         فضلاً

المتقدمة التي تعمل ضمن منظمومة موحدة متكاملة وبما يحقـق          

  .)106، 46 ، ص2007، فور(حفظ الطاقة 
 

  : توظيف المبنى المتكامل
 Visible(أشارت الطروحات إلى فكرة التكامل المرئي 

Integration ( والى مفهوم الأنظمة الأربعة في العمارة، اذ لوحظ

تعدد وتنوع جماليات تكامل الأنظمة المعمارية وبنسب متفاوتة حيث 

تظهر ذاتية المصمم واضحة ليكون المبنى نابعاً من إدراكه الخاص 

ورؤيته من جهة وقد يظهر الغرض الأساس منه تنظيم البيئة بصرياً 

صميم التكاملي للمبنى يبدأ عند التفكير الكلي في من جهة أخرى، فالت

التشكيل ليكون الناتج كنظام متكامل موظفاً عناصره بشكل موحد 

وكلي مع بعضها البعض لتحقيق أعلى درجة من المتطلبات وبأعلى 

  .كفاءة أدائية ممكنة

لذا فان تحقيق مستويات عالية من الراحة الأدائية يتطلب 

التي تنشأ وفقاً لمدى تلبية تلك الأنظمة تحقيق تكامل الأنظمة و

لمتطلبات الشاغلين وهذه تعتمد على معايير تستند عليها، متمثلة 

بالراحة البصرية والصوتية وتحقيق حفظ الطاقة والملائمة الوظيفية 

والكفاءة الاقتصادية، ) المناخية(فضلاً عن مقاومة التغيرات الجوية 

مدى نجاحه في التوصل إلى أعلى والتي من خلالها يقوم المبنى في 

                                                            
ستطاع بها جعل عمليةٍ ما تقنية يAutomation: الأتمتة ) 1(

 ما أوتوماتيكياً، والأتمتة أيضا أوتوماتيكية، أو تشغيل جهازٍ
إدارة الأجهزة بالوسائل الميكانيكية أو الالكترونية التي تحل 

لتقرير محل حواس الملاحظة عند الإنسان وتوفر عليه عناء ا
  .وبذل الجهد

أدائية ممكنة، لذلك توصف مجموعة من المقاييس التي تعتمد على 

معايير موضوعة لتحديد مدى تكامل المبنى وأنظمته وهذه تعتمد 

) الشاغل(بطبيعة الحال على وظيفة المبنى وطبيعة المستخدم 

نتاج للتوصل الى حدود راحة مقبولة وكفاءة أدائية عالية وليكون ال

لايقتصر على المبنى الواحد فقط وإنما علاقة المبنى بمجاوراته 

  .)381، 234، ص Rush ،1986( والنسيج العام للمدينة ككل

 :منظومات التكامل
يتم التوصل إلى التصميم الأفضل والأكثر راحة 

للشاغلين كلما تم تحقيق الأفضل في أنظمة المبنى وبالنتيجة 

شترك مجموعة الأنظمة المكونة تكاملية المبنى ككل حيث ت

للمبنى في العملية التصميمية بما يحقق التوازن في المعايير 

الملائمة المناخية، الراحة البصرية والصوتية، (المذكورة آنفاً 

مع مراعاة المتطلبات الواجب اعتبارها لكل عمل ) الخ...

 اجتماعية -  نفسية- تصميمي سواء أكانت متطلبات فسيولوجية

صادية لإيجاد وخلق نظام كلي موحد، لذلك فان فهم وإدراك واقت

ماهية هذه المنظومات جانب مهم بالرغم من تنوعها واختلافها 

 وتباين درجة ارتباطها فهي تنسجم وتتوافق بصيغ مختلفة وفقاً

  .لنوع النظام أو العنصر وموقعه ضمن المبنى

  

أ ـة بنظام المنشـة البنائيـه تتمثل الأنظمـوعلي

  اء الداخلي ـ الفضات وأخيراًـلغلاف والخدموا

، Heyne ،1982 (،)360، 14-12، ص www.arab-eng.org(،) Rush ،1986( وكالآتي

  :)549ص 

أوضحت الطروحات بأنه يوازن البناء مع ): S(نظام المنشا 

صر مجال القوى بشكل متواصل لذا فهو مجموعة من العنا

الفيزيائية المسؤولة عن التوازن اللازم لثبات المبنى واستقراره، 

بشرط التحميل التركيبي الأكفأ ) Tension(يمثل الجهد انه كما 

 عن فهنالك أحمال طبيعية كالجاذبية والرياح والزلازل فضلاً

الأحمال المبرمجة القائمة على الطريقة التي يستخدم فيها البناء 

 القوى على العناصر التركيبية بطريقة تؤدي إذ يتم توزيع هذه

إلى التوازن حيث يكون حفظ لكافة السمات التركيبية إلى الحدود 

  .المسموح بها
  

 وهنا يستجيب غلاف المبنى لكل من القوى ):E(نظام الغلاف 

الطبيعية الخارجية من جهة والقيم الإنسانية من جهة أخرى، لذا 

مغلف للمبنى وظيفته حماية يعرف على انه الجزء الخارجي ال

المبنى من المناخ والقوى الطبيعية الأخرى وتوفير قيم إنسانية، 

 أما ،الخ. ..حيث تشمل القوى الطبيعة الرياح الشمس المطر
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القيم الإنسانية فتضم السلامة والأمن ونجاح النتاج، فالغلاف 

ة  عن موازنة البيئة الداخلييوفر الحماية بواسطة الاحتواء فضلاً

، ليعمل المغلف كمتنفس حي ح لاحقاًوالخارجية وكما سيوضَ

 لسطح يستجيب للمتغيرات الخارجية ويتفاعل معها لينتج أنموذجاً

 مع الأبنية المجاورة أو مع خارجي قد تم اختباره يعمل متناغماً

  .أشكال ومظاهر الطبيعة الأخرى
  

 Mechanical) نظام الخدمات(النظام الميكانيكي 

System:   
هذا النظام يعمل مع الغلاف لوضع تحديد حاجات مهمة تخـدم           

المبنى كتوفير الحاجات الحرارية والصوتية والإنارة الملائمـة        

والتغذية المائية والمجاري والاتصالات والأمان المشتركة فـي        

المبنى ككل حيث يجهز هذا النظام المبنى لتوفير تحكـم بيئـي            

ــن    يمكــــــــــــــــــــــــــــ

ود ومخرجات الخدمه ويشمل انظمه     تمييزه كملحق بمدخلات الوق   

ــة ــه ثانويـــ ــات ،اليـــ ــصاعد ورافعـــ   مـــ

ومعدات وانظمه امن وانظمه الحماية مـن الحريـق وتـوفير           

 ـالآ( اذ تعد هذه الانظمـة الخدميـة         ،مخرجات لها   مـن   )ةلي

. التي تتطلب عناية من وجهه نظر التكامل      العناصر المهمة   

ــة     ــة الفعليـ ــال الميكانيكيـ ــون الأعمـ ــث تكـ  حيـ

 مع مراعاة كشف    ة مفصولة من المدخل العام لأسباب أمني      للبناء

ــة    ــال الميكانيكيــ ــسارات الأعمــ ــوط مــ  خطــ

 الاستخدام حيث تكون خـدمات المـصاعد والـسلالم          ةإلى نقط 

وهنا تكمـن   .  ما ةٍالدوارة ورؤوس ناشرات المياه مرئية بطريق     

الانظمة الميكانيكيـة مرئيـة     وسيلة المعالجة والتحدي في جعل      

ــسهول ــةلـــــ ــة  الـــــ  صيانة والمراقبـــــ

 في الناحية الجمالية    مع معالجتها كشكل خارجي ظاهر يؤثر سلباً      

 للمبنــــى للحفــــاظ بالتــــالي علــــى علاقــــة 

ولغة هندسية معمارية متناسقة متوافقة ما بـين تلـك الانظمـة            

قنـوات  ) عمـل (وأجزاء المبنى الأخرى إذ من الممكن وضـع         

الجة الـسياق  للخدمات مع مراعاة مع) Visible Ducts(مرئية 

 العــــــــام بمعالجــــــــه الأنابيــــــــب 

 الظاهرة والمكشوفة بـشكل متكـرر   )Duct Work (والقنوات

وتناسق الألوان مع مكونات الفضاء الأخرى وهكـذا نجـد أن           

 ، الـتلامس  ،الانفـصال (المستويات الخمسة للتكامل البـصري      

مشتركه مع الانظمـة الميكانيكيـة      )  التوحيد ، التعشيق ،الاتصال

  .ةعمل موحد ةليآضمن 

  
 ):Interior Space System(نظام الفضاء الداخلي 

الداخلي الحاجات المباشرة والملحة لشاغلي الفضاء نظام يقدم 

المبنى ويوفر الراحة في دعم فعاليات الإنسان فهو يعرف بكل 

 وتنطبق المعايير الآتية على ،ما يمكن رؤيته من داخل المبنى

لوظيفي والحراري والصوتي الأداء ا: الداخليالفضاء نظام 

يتألف الشكل و.  البناءة الهواء وتكامل سلامةالبصري ونوعيو

 ،تدعم الفعالية المقدمة) ةغرف( الرئيسي للنظام الداخلي من فضاء

الداخلية الثانوية فتتألف من السقوف والجدران الفضاء  ةنظمأأما 

الانظمة عد ذ تُإوالأثاث والمعدات ) نهاءاتالإ(خيرة ت الأواللمسا

 وعلى العكس فان العوارض ،الداخلية الأكثر ملائمة للتغيير

، ويمكن تشييد أنموذج الفضاء ةالتركيبية لا يمكن إبدالها بسهول

 ،الداخلي من السطح واللون مع الاخذ بالاعتبار جانب الصيانة

وبما إن السطح والشكل والموقع جزء من كل قرار في التصميم 

خر يمتلك معاني وظيفية  آن قرار بصري والداخلي فأن الفارق بي

من الصعب تمييزها على الأغلب فتكون الايهامات التاريخية في 

  . خالصاً بصرياًالأثاث هي الأسهل في التمييز لامتلاكها منبهاً
 
الأنظمة الأربعة ضمن هرم ان فق ما تقدم توضح وو

 الكامنة  العلاقة النظرية ومكانياًالعلاقات التكاملية لتصف هندسياً

في الحصول على تأثير متبادل يسمى بالنظام الرباعي السطوح 

والتي تتطلب لتكاملها خمس مستويات تتدرج بمراحل من 

   على درجه الارتباط التكاملات الضعيفة إلى القوية اعتماداً

بين المنظومات والتي تتمثل بالانفصال عندما يبتعد النظامان أو 

هذا المستوى  .رتبطان فيزياوياً فهما ي،عناصرهما عن بعضهما

 من ، اما الثاني فيشمل العلاقة على التلامس بين الأنظمة،الاول

ما المستوى أ ،دون تحقيق ارتباط مستمر بينهما ويدعى بالتلامس

يكون نظامان متصلين بصوره ) الترابط(الثالث فهو الاتصال 

 في الرابع فيدل على الأنظمة المتداخلة المستعملةأما  ،دائمة

 والمستوى الخامس والأخير هو ،الفضاء نفسه ويدعى بالتعشيق

التوحيد ويكون عند اتحاد نظامين فهما يكونان غير متميزين 

   .بشكلواضح

وهذه المستويات تحدد مقدار ديمومة العنصر واستمراره عبر 

  .مراحل زمنيه طويلة بحسب طبيعته ومرونته لاستقبال الجديد
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    ):مة التشغيليةالأنظ(منظومات المبنى 
ة لتحقيق مبدأ تكامل المبنى     التصميم المعماري هو محاول   

بين آلياته وتقنياته وفضاءاته الداخلية والخارجية وبما يحقـق         ما  

بيئة داخلية تتوفر فيها عوامل الراحـة الحراريـة والبـصرية           

ــة   ــسية والبايولوجيـــــــــ  والنفـــــــــ

مع الطاقات  بأقل استهلاك للطاقة وهذا يتطلب من المبنى التعامل         

) ضوء+ حرارة  ( الطاقة الشمسية    المتجددة بشكل أساسي معتمداً   

موظفة للتبريد والتدفئة المنفعلين ومتكاملة في أدائهـا بإشـراك          

ــا    التكنولوجيـــــــــــــــــــــــــ

المتطورة في إدخال الضوء الطبيعي وإقصاء الحرارة أو إدخالها         

  باليـــات ونظـــم منفعلـــة وفعالـــة تحقيقـــا لمبـــدأ 

وبما يلائم  ) الايكولوجية( الاستدامة التبيؤية    حفظ الطاقة ولمفهوم  

  المنـــاخ الحـــار الجـــاف بطبيعتـــه القاســـية     

  .ومناخه المتطرف

وعليه فالأنظمة التشغيلية تتضمن وتتكامـل مـع ثلاثـة        

  :)417-414 ، صYeang & Powell ،2007( مبادئ

وفيه التحكم بطبيعة المادة من اختيار  ذاتي منفعل: الأول

ا لتعمل باعلى كفاءة ممكنة في تحسين لأنواعها وخصائصه

أدائية ومستويات العزل الحراري والصوتي والتي تدخل 

 استخدامها ضمن المنظومة الكلية للمبنى بضمنها تقنياته فضلاً

 لطبيعة المناخ عن التلاعب بالتشكيل الكتلي للمبنى وتوجيه وفقاً

أنظمة (المحلي من دون استخدام لأي فعل الكتروميكانيكي 

  ). لكتروميكانيكية فعالةا

  
 وفيه يتم توظيف منظومات التبريد ستداميالفعال الإ: الثاني

عادة تدوير الهواء إوالتدفئة الهجينة والفعالة الحافظة للطاقة و

لمنظمة التهوية الهجينة بنظم ومسيطرات ذكية مؤتمتة فهذا المبدأ 

 من الانظمة يشتمل اسلوب مختلط باستخدام بعضاً

 يكون بالمجملو ،)الميكانيكية والكهربائية(يكانيكية الالكتروم

  النتاج حالة الاستخدام 

  .الكلي الفعال

 كما  ،علاهأين  أ للمبد وهذا يكون شاملاً   المركب الاجمالي : الثالث

  يـــشمل الانتـــاج لتكـــون التقنيـــة الموظفـــة     

عالية التطور والادائية قادرة على الاستفادة القصوى من الطاقة         

ــا ــا بمـ ــذلك  وانتاجهـ ــو بـ ــى وهـ ــدم المبنـ    يخـ

يعكس النظام الايكولوجي من دون هدر للمواد والطاقة وبالتالي         

ــل     ــسيطرة تتكامـ ــستدامة مـ ــاني مـ ــاج مبـ   انتـ

فيها مكونات ومسيطرات الغلاف مع شكل المبنى مـن تظليـل           

ــسيطرات   ــع مـ ــا مـ ــل وتوجيههـ ــب بالكتـ    وتلاعـ
  .الفضاء الداخلي
لمية محققة  لما تقدم سيتم عرض ثلاث أمثلة عاووفقاً

 ،للتكاملية العالية وموظفة التكنولوجيا المتقدمة بأساليب متعددة

إذ يركز المثال الأول على التصميم البايومناخي واستخدام 

 بينما يمثل المثال ،الأنظمة التشغيلية المنفعلة بالشكل الأساس

 أما ،الثاني توظيف التقنية في الاستفادة من الطاقات المتجددة

ثل تطويع الغلاف ليكون غلاف ديناميكي يتغير مع الثالث فيم

 عن توظيفه للتكنولوجيا المتغيرات المناخية الخارجية فضلاً

  :تيالعالية بأنظمة تشغيلية متعددة عالية الكفاءة وكالآ

 Menara( مشروع مبنى منارة مزنياكا: المثال الاول

Mesiniaga(في ماليزيا   

  :المشروعوصف 

 . ماليزيا–) Subang Jaya(سوبانج جايا : الموقع

) Kenneth Yeang(المهندس المعماري كينيث ينج : المصمم

 ).TR Hamzah and Yeang Sdn Bhd(وشركته 

 .1992: تاريخ انتهاء المشروع

  . مكاتب إدارية- تجاري : نوع المبنى

د هذا المبنى الأفضل في ماليزيا حتى لـدى مقارنتـه           ع

 15الأول ان مع فارق ) Petronas Towers(بأبراج بتروناس 

 فمبنى المنارة بصمة مـن بـصمات         طابقاً 88 أما الثاني    طابقاً

  )كينيـــــــــــــث يـــــــــــــنج (

  في محاولة للتوافق مع البيئة الطبيعية، منـارة مزنياكـا بنـاء            

 IBM (International Businessلمقر مجموعـة شـركات   

Machine)    سوبانج قرب كوالالمبور في ماليزيـا وهـو        في  

ل المصمم بمحاكـاة    ـتعام)  طابق 15(ق  ــد الطواب مبنى متعد 

ر بأعمال فرانـك لويـد رايـت        ـتأثيمع العمارة البايومناخية و   

م في تصميمه للأبراج العالية في خطوة جديدة نحو شعار          1950

، فكانـت  )Bioclimatic Skyscraper(الأبراج البايومناخيـة  

ة، الفنـاءات   أفكاره باتجاه تعزيز وتوطيد فكر الفضاءات الانتقالي      

، المـشهد الحـدائقي   )Sky Courts(على المستوى العمـودي  

، توفير التهوية والإضـاءة  )Vertical Landscape(العمودي 

 حفـظ   الطبيعية للاجزاء المركزية خاصة والمبنى عامة وأخيراً      

الطاقة والسيطرة المناخية، وكحصيلة نهائية فاز تصميم منـارة         

 .    م1995غا خان للعمارة عام مزنياكا لكينيث ينج بجائزة الأ
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 كان الهدف من تصميم المبنى يكمـن فـي رغبـة            بدءاً

 ـ  ــسويق لـ ــلاء الت ــرحاً  IBMـ عم ــل ص ــي عم     ف

 يعكس نجاح   يقونياًأ  لتمييز مبيعاتهم التسويقية وليكون رمزاً     بنائياً

  الـــــشركة فـــــي مجـــــال المنتجـــــات ذات 

ينيث ينج  التكنولوجيا العالية ومن هذا المنطلق كلف المعماري ك       

ــركة    ــصالح شــ ــى لــ ــصميم المبنــ    IBMبتــ

م وتم استكمال التحليل العام للموقع بعد تحديد الموقع         1989عام  

م حيث وضعت الرسـوم     1989المناسب في حزيران يونيو عام      

م، وكانـت   1989الأولية التمهيدية من قبل المصمم في تمـوز         

  إحــــــــــــدى المحــــــــــــددات   

سع المستقبلي مـن    وضمن المتطلبات وجود احتمال وقابلية للتو     

ــل   ــاء الحــ ــستخدمة وجــ ــساحة الأرض المــ   مــ

كون المبنى نـسيج    ) الخلالية(لتزام فكرة الفضاءات المفتوحة     إب

ــي    ــة والتـ ــع البيئـ ــل مـ ــي متفاعـ ــت أحـ   وحـ

للمصمم بإدخال الفنـاءات الداخليـة المفتوحـة إلـى الـسماء            

)Courtyards in the Sky ( والفضاءات الخلالية الأنفة الذكر

لتكـون  ) مـن الواجهـات   (ءات حية يقتطع منهـا      لتكون فضا 

  . فراغية متصاعدة(Steps of Atrium) كمدرجات اتريوم

وعليه قدم مقترحين للتـصميم يقتـضي الأول وجـود          

العمـود الفقـري للمبنـى      (الاتريوم والجزء المركزي الرئيسي     

) Voids(في وسط المبنى وتحقيق الفراغـات       ) Coreوالخدمة  

والعلوية حيث تتدفق النباتات للأعلـى مـن        في الطوابق السفلية    

أما المقترح الثاني والذي اقر من قبل العميـل         . الطابق الأرضي 

تريوم الأساسي  م ونفذ فيما بعد، بإزالة الأ     1989في كانون الأول    

ونقل الجزء المركزي الخدمي إلى الجهة الشرقية بشكل هامشي،         

 ـ 1990وعليه بدء الإنشاء في كانون الأول        ل فـي آب    م واكتم

م ليكون الشكل والهيئة النهائية لمنـارة مزنياكـا نتيجـة           1992

 سنوات في مبادئ    10وخبرة لدراسة وبحث مستمرين على مدى       

 وممـا يجـدر بالاشـارة ان    التصميم البايومناخي للأبنية العالية  

 المنفعلـة  والاساليب التقنيات اختيار المشروع تم تناوله لعرض    

منها بتطويعهـا بمـا      والاستفادة ارجيةالخ البيئة مع التعامل في

  .يلائم المناخ الحار الجاف

 
  :  الفكر التصميمي وتوظيف التكنولوجيا

 وملاحظة في التصميم العام يكمن الجزء الأكثر بروزاً

)  السماوية–اللولبية (للمبنى في اثنين من الحدائق الحلزونية 

توفير  محققة جانبين الأول في والتي تحيط بالمبنى صعوداً

الظلال والتقليل من الكسب الشمسي والثاني في التشكيل والتضاد 

ن هذه أ، إذ )الصلب(المرئي مع سطوح الألمنيوم والستيل 

الحدائق الحلزونية الخضراء والتي تبدأ من القاعدة وتدور 

 إلى قمة المبنى تعكس في الواجهة نظرة عضوية صعوداً

   .عشوائية يمنحها تلك الخصوصية العالية

 عن ذلك فهنالك المصطبات الحدائقية أو الفناءات فضلاً

 لاشكالأ(السماوية مع النباتات في كل مستوى وكما موضح في 

 ليحقق بالنتيجة المشهد الحدائقي العمودي لواجهة المبنى )2، 1

 كما وفرت بعين الوقت هذه الفضاءات الحلزونية المفتوحة خياراً

 .للتوسع في المستقبل

 كان )كينيث ينج(ـ  إن الهدف الأساسي لوبالرغم من

تضمين المبنى فكر التصميم البايومناخي وتوظيف العناصر التي 

من شأنها تحقيقه إلا انه تم التأكيد على الجانب الوظيفي 

والغرض من تصميم المبنى بفضاءاته كمكاتب تجارية فالمبنى 

يسية، يتكون من فضاءات التسويق، عرض المنتج، قاعة رئ

فضاء للعرض، حوض للسباحة وصالة للألعاب الرياضية فهي 

عملية تكاملية سواء التصميم على المستوى البيئي التكنولوجي أو 

   .)2شكل  (على المستوى الوظيفي

ولما كانت المباني ذات الارتفاعات الشاهقة أكثر 

عرضة إلى درجات الحرارة العالية وتقلبات الطقس المختلفة لذا 

وسيلة للتظليل ) العمودي( لمشهد الحدائقي الاصطناعيجاء ا

بضمنها فضاء ) الأولى( بالمستويات الثلاثة الدنيا والعزل بدءاً

التي تطل على ) النوافذ(وقوف السيارات متداخلة مع الفتحات 

المنظر الحدائقي لتوفير الإضاءة الطبيعية اللازمة بغية تقليل 

ا فعولجت النوافذ بمظلات استهلاك الطاقة أما الطوابق العلي

استخدمت في الشرق والغرب كاستجابة لمسار الإشعاع الشمسي 

 والمظلات حيث وظفت الكاسرات) التوجيه الشمسي(
للسيطرة على الاكتساب والفقدان الحراري ومن جهة أخرى 

 وظفت الجدران الستائرية المزججة للتوجهين الشمالي والجنوبي

  ).3شكل (
 

 المعلقة ستعمل بدورها على تحقيق الحدائقوان وجود 
الظل المرغوب به وحسب التوجيه وعلاوة عن ذلك فان تداخل 
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الواسعة ضمن تعدد ) الخلالية(وتواجد الفضاءات الانتقالية 
الطوابق ستخدم مابين القطاعات وتسمح بتدفق وتدوير الهواء 

  .داخل الفضاءات
وقع في ) Core(الجزء المركزي الخدمي للمشروع 

رق والذي بدوره أعطى إمكانية للمصمم بالاستفادة من الش
 عن  المياه وردهات المصاعد فضلاًلدوراتالإضاءة الطبيعية 

 استخدام  مقللاًمناطق الخدمة المركزية لتكون مهواة طبيعياً

  . للطاقةالمكيفات الهوائية حافظاً
 
 
 

  للفكر الذي اعتمده ينجأما بالنسبة لنظام التسقيف فجاء مكملاً

إذ يحوي ) التعامل الأفقي العمودي الموحد(في ربط المبنى بالأرض 

السقف على حمام السباحة وصالة الألعاب الرياضية ويمثل الفضاء 

الاجتماعي للمبنى، التكوين المميز الذي يتوج البرج عبارة عن شاشات 

شمسية مصنوعة من الستيل وألواح الألمنيوم ولها القدرة في تثبيت 

شمسية والخلايا الكهروضوئية وإنتاج الطاقة وهذا التكوين الألواح ال

يخدم في تظليل المسبح خاصة والمبنى بشكل عام ويتضمن السطح 

  .)4شكل (أيضا نظام متكامل لجمع مياه الأمطار

لذا فان كينيث ينج وظف محاور أربعة رئيسية في تصميم 

 وجيه وأخيراًالمبنى شملت شكل المبنى، توظيف المصطبات والنباتات، الت

 Vertical( على المشهد الحدائقي العمودي التظليل والتزجيج مؤكداً

Landscape ( إذ يوضح المعماري إن النباتات هي العنصر الأكثر أهمية

للعمارة البايومناخية والتي يجب أن لاتقتصر على المستوى الأفقي فقط 

   وإنما تغطي المستوى العمودي أيضاً

  .)5شكل  (لمساعدة في تبريد المبنىلتوليد الأوكسجين وا

  

لاينبغي للمبنى الايكولوجي أن يكون سلاحا للتراجع "حيث 

 تجاه البيئة، فالمساحات  ايجابياًفي المعركة وإنما يسهم إسهاماً

الخضراء هي مساحات منتجة، لذا يستطيع المبنى في بيئته توليد 

  كينيث".. من استهلاكهاالطاقة بدلاً
 
(http://www.yangsquare.com/wp-
content/uploads/2008/06/mesiniagaa6.pdf) 
(http://archnet.org/library/sites/one-
site.jsp?site_id=1231). 

  

  : المثال الثاني

 - المنامةمشروع مركز البحرين التجاري العالمي في 
  -:)www.m3mare.com(،)http://en.wikipedia.org(البحرين

  :وصف المشروع

  المنامة، البحرين: الموقع

    .المعمارية العالمية) Atkins(نز شركة اتك: المصمم

، وتم إنهاء 2004المباشرة بالإنشاء في عام : تاريخ الإنشاء

 .2008العمل في عام 

  . سكني–مبنى تجاري : نوع المبنى

  . طابقاً في كل برج من البرجين التوأمين للمبنى50 :عدد الطوابق

  .م إرتفاع كل برج في المبنى 240 :الإرتفاع الإجمالي للمبنى
  

  

  

  

  

مميزاً في  أصبح مركز البحرين التجاري العالمي معلماً

سماء مدينة المنامة، وقد كسب البحرين شهرة على مستوى العالم 

 . )5شكل (أجمع
مؤسسات إقليمية وعالمية  إذ يعمل هذا المركز على استقطاب

الإيجابي  رائدة ذات أنشطة تجارية عالمية، الأمر الذي له الأثر

ويقع هذا المركز في قلب  .والتجارة في البحرينعلى السياحة 

الإقليمي الرائد للتجارة والأعمال في المنامة، ويتألف من  المركز

 طابقاً، 50شراعين يضم كل منهما  برجين توأمين على شكل

 محلاً 160وفندق خمس نجوم، إضافةً إلى مول يحتوي على 

  .)6شكل  (المطاعم والمقاهي تجارياً مع مجموعة من
هذين البرجين في المستوى العالي من الجودة  وتبرز أهمية       

التقنية العالية وخدمات دعم  في كل ناحية، إضافةً إلى المستويات

والنوادي الرياضية التي  الأعمال والمرافق الأخرى كالمراكز الصحية

 .الإنتاجية تعزز بيئة العمل وتشجع على رفع

مي الذي صممته شركة ويعد مركز البحرين التجاري العال

 أول مبنى في العالم يحتوي على )1(اتكنز المعمارية العالمية

توربينات هوائية مولدة للكهرباء بين برجين تجاريين مما يمثل نقلة 

ذا وقد . )7شكل (نوعية تتعدى حدود الإنشاءات والمباني المعروفة 

                                                            

تعتبر شركة اتكنز المعمارية العالمية ثامن أكبر شركة ) 1

  .تصميم هندسي على مستوى العالم
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ية  التجاري العالمي مجموعة من الجوائز المحلالبحرينحصد مركز 

والعالمية لكونه أول مثال عالمي لمبنى تجاري يحتوي على توربينات هوائية 

  الأمر الذي يشكل قفزة تكنولوجية ،ضمن تصميمه
وسابقة تزيد من الوعي بأهمية التصميم البيئي في تصميم وإنشاء 

 .)1(الأبنية
  :النظم البيئية والتكنولوجية الموظفة في المبنى

اري العالمي بالكفاءة في يتميز مركز البحرين التج

استخدام الطاقة وقوة الموقف المالي والقدرة على التأثير، فهو 

تركيب توربينات هوائية بغرض أول مبنى في العالم يتم فيه 

  . بين برجين تجاريينالاستفادة من طاقة الرياح لتوليد الكهرباء

 متراً ربطا 240منهما فالبرجين اللذين يبلغ إرتفاع كل 

اسطة ثلاث جسور كل منها يضم توربين رياح بقوة معاً بو

، بإجمالي إنتاج طاقة رياح للجسور الثلاث ) كيلو واط225(

، ) م29(، كل توربين منها قطره ) كيلو واط675(تصل الى 

ورصفت التوربينات نحو الشمال وذلك لكونه إتجاه الرياح 

القادمة من الخليج العربي، فمن خلال تصميم البرجين 

إلى مجرى  ابيتهما، يندفع نسيم البحر من الخليج العربيوانسي

التوربينات لتعمل على توليد طاقة كهربائية أشد فاعلية، إذ صمم 

 كل برج بشكل شراعي ليوجه الرياح نحو فجوة 

 تم اختباره بواسطة قدو. تُعجل من مرور الرياح نحو التوربينات

 اختبارات نفق الرياح التي اظهرت 

، ضامناً بإن )S(شكل تدفقاً للرياح على شكل حرف ان المبنى ي

 لكل ناحية ) 45º(أي رياح قادمة بزاوية 

من مركز المحور ستخلق تيار رياح يبقا عمودياً على التوربين، 

 الأمر الذي يعمل على زيادة إمكانية توليد 

  .الطاقة الكهربائية

التوربينات قادرة على تغطية توليد ما يتراوح بـين   وهذه

يحتـاج إليهـا مركـز      من الطاقة الكهربائية التي%)15-11(

                                                            

، 2009جائزة نوڤا المرموقة في الإبداع في التصميم عام ) 1(

، "2008جوائز تصميم المباني "جائزة معماري العام من 

 جوائز اسبوع الإنشاءات"جائزة مشروع برج العام من 

جائزة ، "2008العلوم الشعبية "جائزة الهندسة من ، "2008

جائزة ، و"2007 للتفوق البيئي EDIEجائزة "البناء من 

  ."LEAF 2006" المبنى البيئي من 
  

 55.000البحرين التجاري العالمي، وبذلك تقضي علـى نحـو          

 من الانبعاثات الكربونية الضارة التي تصرف في البيئة كل      3كغم

التوربينات الهوائية كمصدر بديل للطاقة، ستقوم  وباستعمال. عام

ميجاوات فـي  ) 1100-1300( التوربينات بتوليد ما يتراوح بين

 مسكناً لمدة تزيد علـى      300الساعة سنوياً، وهو ما يعادل إنارة       

  ). 8 شكل(السنة، وبهذا يحقق توفيراً كبيراً للطاقة كل عام 

مدير التصميم في شـركة     ) شون كيلا (بهذا الصدد   ويقول  

يعتبر مركز البحرين التجاري العالمي سابقة تكنولوجية       : "أتكنز

من الوعي بالتصميم البيئي وأهميته في عمليـات        نأمل أن تزيد    

ومن المتوقع أن تمهد الطريق للمصممين والعملاء لدمج        . البناء

الطاقة المتجددة وإجراءات توفير الطاقة في مشاريعهم المستقبلية        

  ". بهدف خفض انبعاثات الكربون

وتزخر أبراج المكاتب بعدد مـن المواصـفات البيئيـة          

ــرى للإق  ــسليمة الأخـ ــا  الـ ــة منهـ ــصاد بالطاقـ  تـ

الأضواء الخارجية التي تغـذيها الطاقـة الشمـسية ومـصابيح       

ــة   ــتهلاك الطاقـ  الفلورســـنت الإقتـــصادية فـــي اسـ

والعزل الحراري المعزز بمواد لاتعكس الـضوء والبالكونـات         

ــل    ــي التقليـ ــذا فـ ــل هـ ــسهم كـ ــة، إذ يـ  المظللـ

  . من الإنبعاثات الكربونية

ت أخرى خاصة مـع     كما تم عن طريق استخدام توربينا     

تعديلات بسيطة فيها خفض التكلفة الإضافية الناتجة عن تعزيـز      

مـن القيمـة    % 3.5المشروع بالتوربينات الأساسية الى حوالي      

 الكلفة الإقتصادية والقدرة    الكلية للمشروع مما أضاف الى مزايا     

  .على الاستمرارية من الناحية المالية

ي في مشروع البيضة العصر: المثال الثالث  

)Mumbai(الهند ،)www.inhabitat.com/2008/05/29(:-  

     :وصف المشروع
  ، الهندMumbai: الموقع
    James Law Cybertecture International: المصمم

، ومتوقع إنهاء 2008المباشرة بالإنشاء في عام : تاريخ الإنشاء
 .2010العمل في عام 

  .مبنى إداري: نوع المبنى
    .2م 4025: المساحة المبنية، و2م 6676 :مساحة الموقع
   %80= نسبة البناء ، و %60= نسبة التغطية 

عدد ، و مستوى14= عدد الطوابق المشيدة فوق سطح الأرض 
  . طوابق3= الطوابق المشيدة تحت سطح الأرض 
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   م62= الإرتفاع الإجمالي للمبنى 
= المحيطة بالمبنى ) Landscape(اءات الخارجية مساحة الفض

  2 م2800

 Cybertecture( مبنى البيضة العصري مشروعيعتبر 
Egg( نموذجاً للتصميم البيئي ذو التقنية العالية )High-

Technology( كما يمثل الهندسة المعمارية الرمزية ،
من خلال شكله الهندسي الجديد والذي يرمز الى ) الأيقونية(
فاءل بالمستقبل والقرن الحادي والعشرين، ويمثل لغةً بصريةً الت

) Mumbai(قوية والتي تخلق نقطة تحول ملهمة لمدينة مومبي 
علاوةً على كونه يحمل أفكاراً مبتكرة للعيش الذكي، وقد استمد 

 تكنولوجيا المباني هذا المنشأ المبتكر تصميم قشرته من احترام
  ).9شكل (المجاورة 

 
  

  :لبيئية والتكنولوجية الموظفة في المبنىالنظم ا
أُنشئ المبنى من الكونكريت المسلح ومنشأ حديدي مؤلـف         
  مـــن مـــادتي الفـــولاذ والزجـــاج والجـــدران     

   .)10شكل) (Exterior Curtain Wall(ائرية تالخارجية س

 يندرج اً بيئي مبنى البيضة العصري يعد تصميماًوتصميم  

  لية الصديقة للبيئة، تحت لائحة مباني التقنية العا

إذ يكامل مجموعة من النظم البيئية والتكنولوجية والأنظمة الذكية، 

والشكل المستطيل للمبنى الإداري داخل الشكل البيضوي يجسد 

التصميم البيئي من حيث إستخدام التصميم الشمسي المنفعل لتقليل 

الكسب الحراري الشمسي وتخفيض الأحمال الحرارية، إضافةً الى 

شمسية والتي تتميز وئية روضهكوجود مجموعة من الألواح ال

بقدرتها على توليد الفولطية عند تعرضها للطاقة المشعة وخاصة 

 ).13، 12، 11 الأشكال(الضوء 

كما يضم سطح المبنى مجموعة من توربينات الرياح 

ويحتوي المبنى  .التي تعمل على توليد الطاقة الكهربائية للمنشأ

يقة مرفوعة عملت على تخفيض الحرارة من أيضاً على حد

خلال مجموعة النباتات الطبيعية المزروعة فيها للمؤازرة في 

  ).14شكل (تبريد الغلاف البنائي 

بنى من خلال نظام تدوير المياه  في المهايوتتم صيانة الم

والذي يعمل على تدويرها ثم إرواء ) Gray Water(نظيفة الغير 

خارجية المحيطة بمبنى البيضة العصري الحدائق والمفضاءات ال

)Cybertecture Egg.(  

  

 في  السابقة النظم البيئية والتكنولوجية من الأمثلة       توظيف  

  -:يلائم بيئتنا المحليةوبما أبنيتنا 

من خلال استعراض الأمثلة السابقة توصل البحث الـى         

مجموعة من الحلول التصميمية والأفكار التي يمكن الإسـتفادة         

وتوظيفها في أبنيتنا المحلية للحفاظ على الطاقة ومواكبة        منها  

التطور العالمي بنفس الوقت وبما ينسجم مع الواقـع المحلـي           

  : العراقي وكالآتي

ربـع  للأنظة البنائية الأ  ) ككل متكامل (التصميم التكاملي    •

محاولة وب) المنشأ، الغلاف، الخدمات، والفضاء الداخلي    (

 إلى نتـاج متـوازن      وصولاًة  لتوافق مع البيئة الطبيعي   ل

نظمـة التـشغيلية    ، والذي يمثل فيها توظيـف الأ      مناخياً

المنفعلة والهجينة الاستدامية انعكاساً للكيفية التي يتم فيها        

  تحقيــــق التكامليــــة المرجــــوة، ولعــــل 

مبنى منارة مزنياكا مثالاً واضحاً لطبيعة التعامـل مـع          

  عـب  التقنيات المنفعلـة والهجينـة فـضلاً عـن التلا         

بتشكيل المبنى للإستفادة القصوى من الطبيعة الخارجية       

  وطاقاتها المتجددة، ولـو عـدنا الـى بيئتنـا المحليـة            

ذات المناخ الحار الجاف فبالامكان توظيـف الآليـات         

والتقنيات التي من شأنها ان تحقق اقل استهلاك طاقوي          

الألـواح الشمـسية    مع التكاملية العالية وذلك باستخدام      

طوح الالمنيومية العاكـسة واسـتخدام الكاسـرات        والس

والسيطرة على  بالتوجيه والتشكيل   التلاعب  متضمناً ذلك   

ــراري   ــدان الحـــ ــساب والفقـــ   الاكتـــ

 مع الاسـتفادة القـصوى مـن        ،حسب الموسم من جهة   

   للطاقـة المتجـددة     الإشعاع الشمسي كونه مصدراً مهماً    

  كحال توظيف السقف كوسيلة    .ينضب من جهة أخرى    لا

تجميعية للطاقة متكامل في عمله مع الواجهـات والتـي          

يمكن أن توظف لنفس الغرض على حـد سـواء كمـا            

  بالإمكـــان تحقيـــق فـــروق الـــضغط مـــن 

خلال الاقتطاعات الخارجية وعلاقتها بالفنـاء الـداخلي        

ــارق     ــع ف ــة م ــة البغدادي ــا التقليدي ــال بيئتن   كح

تكاملة الأسلوب والتوظيف التقني المتطور لتحقيق مباني م      

منتجة للطاقة وحافظة لها تتفاعل مـع البيئـة الطبيعيـة           

 . منهاأوجزءاً لايتجز
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في المباني والذي يولـد      )1(توظيف الإسلوب الإنتاجي   •

فيه النظام البنائي طاقته الخاصة، كما هو الحال فـي          

) Cybertecture Egg(مثال مبنى البيضة العصري 

 ـ       ن خـلال   الذي يولد طاقته الكهربائية الخاصة به م

توربينات الرياح الموجودة في سطحه وكذلك الحـال        

في مركز برج البحرين التجاري الذي يولـد طاقتـه          

الكهربائية الخاصة به من خلال توربينـات الريـاح         

الموقعة ضمن التصميم الاساس له، ليتمكن كل مبنـى       

 .من سد حاجته من الطاقة الكهربائية

يدة في العراق إن توظيف التوربينات في الأبنية المش •

تُبرر التكلفة العالية في إنشائها بما ستعوضه من تجهيزها 

من الطاقة الكهربائية ليس للمبنى ذاته فحسب بل 

وللمباني المجاورة لها وكما هو الحال في مثال مركز 

البحرين التجاري الذي تفوق حجم إنتاجيته من الطاقة 

من كبير  الكهربائية لتتعدى حدودها الى تجهيز عدد

المنازل المجاورة ولمدة عام وهو أمر مهم خصوصاً في 

الظروف الراهنة وما يمر به العراق من أزمة الطاقة 

الكهربائية، مما يعزز من ترشيد الطاقة الكهربائية 

  .المحلية ويدعم الإقتصاد العام

 مجال في المحلي الواقع الى الاشارة من ولابد •

حاث الطاقة قد أجرى مركز أبالرياح ف طاقة توظيف

 والبيئة التابع لوزراة الصناعة والمعادن الشمسية

ومركز الفلك وفيزياء الفضاء في وزراة العلوم 

والتكنولوجيا مجموعة من البحوث والمشاريع المنجزة 

عد مشروع المحطة البحثية في هذا المجال، وي

 بغداد –لإستخدام الطاقات المتجددة في أبو غريب 

ئة العامة للبحث والتطوير والمصمم من قبل الهي

الصناعي الأول من نوعه في العراق لإستخدام 

 كالطاقة )Renewable Energy(ة الطاقات المتجدد

الشمسية وطاقة الرياح بدلاً من الطاقات التقليدية 

                                                            

الاسلوب الإنتاجي في المباني يتطلب أنظمة تقنية متطورة ) 1(

إذ يولد فيه النظام البنائي طاقته الخاصة بإستخدام الطاقة 

  .حروضوئية أو طاقة الرياه من خلال الأنظمة الكالشمسية

 مركز ويؤكد ،)17، ص2009الخفاجي والديواني، ( )2()الناضبة(

 نولوجياالفلك وفيزياء الفضاء في وزارة العلوم والتك

ن الدراسات الحديثة تظهر ان العراق يمتلك طاقة أ

 ،نتاج معقول من الطاقة الكهربائيةتكفي لإ رياح

فبالرغم من سرع الرياح الواطئة في العراق إلا ان 

هنالك محاولات عديدة في استغلالها لتوليد الطاقة 

تشير بيانات الانواء الجوية العراقية الكهربائية، حيث 

 المكمن ،منين محتملين لطاقة الرياحوجود مك الى

  فيثا/ م 5.5ول يمتلك معدلات رياح بحدود الأ
والمكمن الثاني يمتلك .  الناصريةحافظةم

بة،  الرططقة في منثا/ م 5.0سرعة 

وهاتان المنطقتان مرشحتان لتطبيقات 

الارتفاعات  طاقة الرياح وخاصة مع

ذ ان بيانات سرعة إ م) 60(الاكبر مثل 

 10على ارتفاع  ل في العادةسجَتُالرياح 

متار فقط والدراسات التي تم اجراؤها في أ

مركز الفلك وفيزياء الفضاء في وزارة 

العزيز (العلوم والتكنولوجيا ترشح منطقة 

 كمكمن محتمل ثالث )الكشك ـ

 ان عدد لاستثمارات طاقة الرياح علماً

المتاحة لاستخدام طاقة  الساعات المتوقعة

) 1789(الدراسات يبلغ  احدى الرياح بحسب

  .)?http://www.iraqitimesmg.com/news.php(ساعة سنوياً

شمسية في مبنى مزنياكا و ضوئية روهكلواح الأوجود  •

البيضة العصري والتي تعمل على توليد الفولطية عند 

وجب الإستفادة منه تعرضها للطاقة المشعة، وهو أمر 

 –خصوصاً في البيئة العراقية ذات المناخ الحار 

الجاف الذي يمتاز بطول صيفه وطاقته الشمسية 

العالية وبالتالي تسخير هذه الطاقة لتوليد الطاقة 

                                                            

 وتم الإنتهاء 1997 تموز تمت المباشرة بتنفيذ المشروع في) 2(

دونم ) 4.8( على موقع مساحته 2000 كانون الثاني منه في

  .)17، ص2009الخفاجي والديواني، ( 2م) 200(ومساحة المبنى 
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الكهربائية ومن ثم تحقيق مبدأ الترشيد الإستهلاكي 

للطاقة الكهربائية لعموم العراق لكون هكذا نوع من 

 . ستنتج طاقتها الكهربائية بنفسهاالمباني

نظيفة في مبنى البيضة العصري الغير معالجة المياه  •

وتدويرها ومن ثم إرواء الحدائق والفضاءات 

الخارجية المحيطة بالمبنى، وهو أمر مهم يعمل على 

توفير قدر لايستهان به من إستهلاك المياه النظيفة 

 .لأغراض الإرواء

ت أعلاه إنشاء هكذا نوع من  عما تقدم في الفقرافضلاً •

المباني الصديقة للبيئة وفي عين الوقت ذات 

التكنولوجيا العالية تعمل على مواكبة التطور 

 التكنولوجي العالمي وبما يلائم البيئة المحلية أيضاً

بذلك يمكننا إستلهام الأفكار أعلاه لأننا 

بمباني تنتمي للبيئة الحضرية العراقية، وتوظيفها 

لى انها تشكل نموذجاً ملهماً يحتذى به مع علاوةً ع

الجمالية التي تعكسها هذه الأبنية كونها شواخص للبيئة 

 .الحضرية في المدينة

  :الاستنتاجات
 السابقة على مناقشه تأثير جماليات الطروحاتركزت  •

الأنظمة البنائية عند تكاملها لذا العملية التصميمية  

ة المعمارية تهدف تشكيل لعلاقات تكاملية بين الأنظم

 ةً محقق وبصرياًإلى تحقيق  بيئة داخلية مريحة حرارياً

  .الجانب الوظيفي والشكلي على حد سواء

ان التوصل الى مبنى متوازن ذو تصميم تكاملي يتم  •

نظمته أمن خلال التكامل النظامي للشكل البنائي و

نظمة التشغيلية الاخرى والعمليات الداخلية مع الأ

 .في الطبيعةيكولوجية الإ

يقوم الغلاف البنائي بضبط التأثيرات الحرارية بين  •

البيئتين الخارجية والداخلية عن طريق سلوك الإنتقال 

الحراري، وبهذا يعمل كمنظم حراري للمبنى، ومن 

ثم فإن الغلاف البنائي كلما كان ديناميكياً ومرناً فإنه 

يستجيب للمؤثرات المناخية الخارجية والمتقلبة في 

 الجافة وصولاً لتخفيض الأحمال –لمناطق الحارة ا

الحرارية المسلطة على المبنى، وبالتالي يحقق أقصى 

 .حالات الراحة الحرارية في بيئته الداخلية

 التوازن عملية عليها تقوم التي الأسس استكشاف يمكن •

 به المحيطة المناخية والبيئة المبنى بين الحراري

 العوامل بين للعلاقات العميق الفهم خلال من وذلك

 ليستطيع نفسه والمبنى المبنى على المؤثرة المناخية

 المباني وفراغات كتل صياغة الى الوصول المعماري

 عليها، المؤثرة القوى مع متجاوبة تجعلها بصورة

 بصورة الحراري التوازن تحقيق في المساعدة ثم ومن

 .الطبيعية البيئة مع ديناميكية

الأسلوب الإنتاجي في أبنيتنا التأكيد على تحقيق  •

المعاصرة والذي يولد فيه النظام البنائي طاقته 

عن (الخاصة به من خلال استخدام الطاقة الشمسية 

) طريق الأنظمة الكهروضوئية والخلايا الفلطضوئية

عن طريق توربينات الرياح (واستخدام طاقة الرياح 

ى ، وبذلك يتمكن كل مبن)والتقنيات المتطورة الأخرى

من سد حاجته وتحقيق مبدأ الإكتفاء الذاتي من 

 .إستهلاك الطاقة الكهربائية لأنه سيوفرها بنفسه

انشاء أبنية معاصرة وصديقة للبيئة وبـنفس الوقـت           •

تنتمي للبيئة المحلية عن طريق تحقيق تكاملية عاليـة         

بين البيئة الطبيعية والتكنولوجيا المعاصرة من خـلال        

ــردات الم ــتثمار المف ــة اس ــة الطبيعي ــة للبيئ   ناخي

ة العالية  ي الجافة كالأشعة الشمس   –في المناطق الحارة    

  وسرعة ريـاح عاليـة فـي طبقـات الجـو العليـا             

وتحويل هذه السلبية الى إيجابية مع  ما تـوفره لنـا            

التكنولوجيا المعاصرة من أنظمة تقنية عالية لتحقيـق        

 .أبنية كفوءة طاقوياً
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  .مشهد خارجي للمبنى):1(شكل
  http://www.yangsquare: المصدر

.com/wp-content/uploads/ 
2008/06/mesiniagaa6.pdf  
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  .لمشروع منارة مزنياكاالمخططات المعمارية):2(شكل
 http://www.solaripedia.com/files/721.pdf :المصدر

 رضيمخطط الطابق الأ

 مناطق الفضاءاتمقطع وموضحاً فيهال
 . الشمسيالحدائقية والواح التظليل

مخطط الطابق العاشر  مخطط الطابق التاسع

 ابعمخطط الطابق السمخطط الطابق الثاني

 ثامنمخطط الطابق ال

  مخطط الطابق الرابع

ولمخطط الطابق الأ بين الأرضي والأول مخطط الطابق
)Mezzanine( 

 
 
 



Journal of Engineering Volume 17   April    2011      Number2    

 

53 

 

.يوضح كيفية التعامل مع سقف المبنى): 4(شكل 
 /http://www.akdn.org: المصدر

architecture/pdf/1356_Mal.pdf 

شكل المبنى، (يوضح الفكر التصميمي ): 5(شكل 
  ).التوجيه، التظليل والتزجيج المصطبات والنباتات،

http://jetsongreen.typepad.com/jetson_gree
n/2006/11/skyscraper_sund_3.html 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 

 .يوضح توظيف الكاسرات والمظلات للسيطرة على الاشعاع الشمسي):3(لشك
 http://www.akdn.org/architecture/pdf/1356_Mal.pdf: المصدر
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 الأرضي مخطط الطابق

 مقطع عرضي في المشروع  الواجهة الجانبية للمشروع مقطع طولي في المشروع

  .يوضح المخططات المعمارية لمشروع مركز البحرين التجاري العالمي):6(شكل 
 http://en.wikiarquitectura.com/index.php?title=Bahrain_World_Trade_Center  :المصدر

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

يوضح منظر عام لمركز ):5(شكل
  .البحرين التجاري العالمي

 www.m3mare.com: المصدر
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يوضح منظر عام يظهر فيه مدخل):7(شكل
 .مركز البحرين التجاري العالمي

http://en.wikipedia.org:المصدر

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 .يظهر فيه توربينات الرياح وتفاصيلها في مركز البحرين التجاري العالمي)  8(شكل 

 http://en.wikipedia.org/wiki/Bahrain_World_Trade_Center:المصدر
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  .منظر عام للمشروع)9(شكل
 www.inhabitat.com/2008/05/29:المصدر

 مخطط الطابق الأرضي

  الموقعمخطط   ولمخطط الطابق الأ

  . الهند-المعمارية لمبنى البيضة العصري في مومبي طاتالمخط)10(شكل
-http://www.nbmcw.com/articles/architects-a-project-watch/612: المصدر

the-cybertecture-egg-new-jewel-in-mumbai.html 
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 .المبنى الادراري المستطيل داخل منشأ البيضة) 13(شكل
:المصدر

http://www.designboom.com/weblog/cat/9/view
/2984/james-law-cybertecture-international-egg-

building-mumbai.html  

 .غلاف المبنى المؤلف من الفولاذ والزجاج) 11(شكل 
 www.inhabitat.com/2008/05/29: المصدر

 .الجدران الستائرية الخارجية للمبنى) 12(شكل 
  www.inhabitat.com/2008/05/29: المصدر

 .الحديقة المرفوعة في المبنى)14(شكل
 www.inhabitat.com/2008/05/29:المصدر


