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ABSTRACT 

Stud arc welding has become one of the most important unit operations in the mechanical 

industries. The need to reduce the time from product discovery to market introduction is 

inevitable. Reducing of standard deviation of tensile strength with desirable tensile strength 

joint as a performance character was use to illustrate the design procedure. The effects of 

(welding time, welding current, stud material, stud design, sheet material, sheet thickness, 

sheet cleaning and preheating) were studied. Design of Experiment (DOE) is a structured and 

organized method to determine relationships between factors affecting a process and output of 

the process itself. In order to design the best formulation it is of course possible to use a trial 

and error approach but this is not an effective way. Systematic optimization techniques are 

always preferable. Tensile strength quality is one of the key factors in achieving good stud 

welding process performance. 225 samples of stud welding was tested. Computer aided 

design of experiment for the stud welding process based on the neural network artificial 

intelligence by Matlab V6.5 software was also explain. The ANN was designed to create 

precise relation between process parameters and response. The proposed ANN was a 

supervised multi-layer feed forward one hidden layer with 8 input (control process 

parameters), 16 hidden and 2 output (response variables) neurons. The learning rule was 

based on the Levenberg-Marquardt learning algorithm. 

The work of stud welding was performed at the engineering college laboratory, Baghdad 

University by using the DABOTEKSTUD welding machine, for 6 mm diameter stud. The 
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sheet materials are (K14358 and K52355) according to (USN standards, and stud materials 

are (54NiCrMoS6 and 4OCrMnMoS8-6) according to (DIN standards). 

The eight control parameters (welding time, sheet thickness, sheet coating, welding current, 

stud design, stud material, preheat sheet and surface condition) were studied in the mixed L16 

experiments Taguchi experimental orthogonal array, to determine the optimum solution 

conditions. 

The optimum condition was reached for the stud welding process tensile strength, where the 

researcher develops a special fixture for this purpose. The analysis of results contains testing 

sample under optimum condition, chemical composition of usage materials and micro 

structure of optimal condition sample. 

According to that: 

 Practicality: the influence parameters that affect the stud welding process are welding 

time, which have a major effect on stud welding process, followed by sheet material and 

stud material. 

 The reduction in standard deviation was approximately (30.06 per cent) and for the 

range was as approximately (29.39per cent). In the other side the increase in the tensile 

strength mean was as approximately (30.84 per cent). The influence parameters that affect 

the tensile strength stud welding process are: the factor welding time has a major effect on 

stud welding process, followed by factor C (sheet coating) and factor F (stud material). 

 الخلاصة 

ْٛكهٛا  ٔتُياٛى نابار  انات ارن عاٍٛ  ٕايام تاإجق ءاٙ يخاقاخ يااٍٛ ٔي قخارن ْا ا تصًٛى انتدارب  ْإ يقٚ ا  

. يقٚ ا  انتدقعا  ٔان  اأ ٔنكُاّ نٛباط عرن قٚ ا  ان ارنا  اسات ااوصٛرغ  يٍ انًًكٍ  عأءضمالأخقاخ، لإخقاخ تصًٛى ياٍٛ 

 .و ءٛٓررًَٕذج يٍ ْ ا انها 442ٛرب يقق الأءضهٛ  انًُيً  ْٙ أيثم دائًرً، ٔ ا تى اخت

 عًارَٔ  انارسٕ  نهدرَب اناًهاٙ نتدارب  أخاقاخ ناارو ان قغاٙ ا تًارداً  هاٗ انلا كرن انا اٚا  نها  رخ انتصًٛىيع 

، صًًط انل كرن انا اٚ  ن هق د ا  أ ثاق عاٍٛ انإايام ٔي قخارن (Matlab V6.5) زانصُر ٙ عرستاًرل ان قَريح اندرْ

انلا كرن انا اٚا  انً تق ا  ْاٙ يتااادب ان   ارن أيريٛا  يٕخٓا  ٔم اط ءاٙ جًارَٙ   اا . رب  تار ٕخٙالإخقاخ نتصاًٛى تدا

 ر اب انتاهٛى أ تًارد  هاٗ (. يتغٛقان الاستدرع )  اب ي ٛ   ٔ  اتٍٛ خربخٛٛتٍٛ  43، ( ٕايم انبٛ قب نلإخقاخ)ياختن 

 .نهتاهى (Levenberg – Marquardt)آنٛ  

يااردٌ . يهاى 3ءٙ ْا ِ اناباسا  نهاارو ان إب ان قغاٙ  ٛارب   اق  (DABOTEK)قاغٙ ان عرستاًرل ير ُ  نارو 

َبا    54NiCrMoS6 4OCrMnMoS8-6ٔيااردٌ ان قغاٙ ْاٙ  (USN)َبا   يناٗ  K14358 ٔK52355انصا ٛا  

اااٌ زيٍ انهارو، سًك انص ٛا ، يتخ انص ٛا ، تٛارب انهاارو، تصاًٛى ان قغاٙ، ي) ٕايم سٛ قب جًرَٛ  ْٙ . (DIN)ينٗ 

انً ته    ٕيهط نابر   رن   L16دبسط ءٙ يص ٕء  تصًٛى تدرب  تر ٕخٙ ( ان قغٙ، انتب ٍٛ انًب ق ٔ رن  انب ح

 ارٌ الاَ  ارف ءاٙ الأَااقا  . انام الأءضم، خ ٕان انت ٕٚق نتابٍٛ يقٚ   تر ٕخٙ ْٙ خ إب تاهٛام عٛرَارن انتدقعا 

يٍ َر ٛ  أخقٖ  رَط انزٚردب ءٙ يتٕسا  . ت قٚ رً %( 46.66)رٌ ت قٚ رً ٔ رٌ الأَ  رف ءٙ انًاٖ  %( 60.03)انًاٛرب٘ 

انإايم الأ ثق تأجٛقاً  هٗ لايخقاخ ْٙ زيٍ انهارو ٔٚهّٛ َٕ ٛ  ياااٌ انصا ٛا  ج اى َٕ ٛا  . ت قٚ رً %( 60.51)ي رٔي  انلا 

 .يااٌ ان قغٙ
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INTRODUCTION 

Stud arc welding is a widely used operation in mechanical structure, where high tensile 

strength with minimum variation required. The variation of tensile strength affects the cost of 

stud welding unit operations such as rework and time consume. These are often limiting steps 

in mechanical manufacturing processes; therefore, significant cost reduction can be realized 

by producing the stud welding joint having reliable tensile strength.( Jibson J 1979). 

Usually, to find the influence of controlling parameter on welding process a large number of 

experiments are needed. In order to avoid this, two statistical methods can be used to design 

the optimum number of experiments. Classical design of experiments (DOE) emphasizes 

prediction of future behavior of experiments from empirical model while running a fraction of 

full factorial design .However; the classical DOE suffers the following limitations: two 

designs for the same experiment may yield different results and the designs normally do not 

permit determination of the contribution of each parameter. Taguchi DOE method, based on 

the classical one, is standardized design methodology that can easily be applied by 

investigators. Furthermore, designs for the same experiment by two different investigators 

will yield similar data and lead to similar conclusions. (Montgomery D.C 1985)  

Allen T.T. and et at 2002, present optimizing process settings method which was developed 

and demonstrated for the application in robotic GMAW of sheet metal. The study it include 

an objective formulation that addressed variation of noise factors. The method and the 

formulation allow direct maximization of the travel speed of the welding robot. As the 

formulation was implemented with standard spreadsheet software packages since it was based 

on ordinary least-square regression so the method required no special software and minimal 

training. Kackar R.N. 1985, introduces the concepts of off-line quality control and parameter 

design and discusses the Tguchi method for conducting parameter design experiments. At the 

product design stage, the objective of parameter design is to identify settings of product 

characteristics, which make the product‟s performance less sensitive to the effects of 

environmental variables, deterioration, and manufacturing variations. Because parameter 

design reduces performance variation by reducing the influence of the sources of variation 

rather than by controlling them, off-line quality control reduces cost-effective for impro ing 

product quality. Ottoy K. N. and Antonsson E. K. 1991, Taguchi‟s method was extended to 

involve a more design variables together with more ranges for these variables. The method is 

also extended to solve design problems with constraints, invoking the methods of constrained 

optimization. Finally, the Taguchi method uses a factorial method to search the design space, 
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with a confined definition of an optimal solution. The method is compared with others for 

finding optimal solution. Accordingly, Taguchi method can be used instead of other different 

searching techniques. Galdmez E.V.C. and Carpinetti L.C.R. 2004, describe the application of 

the experimental of designs and analysis of variance in the process of manufacture of products 

for plastic injection modeling. The led experiments brought significant results, the adjustment 

considered, only two factors, injection pressure and temperature of the machine, the 

researchers presented a significant effect on the quality characteristic considered. Coit D. W. 

Jackson B. T. and Smith A. E. 1998, consider practical aspects of building and validating 

neural network models of manufacturing processes, and illustrate the recommended 

approaches with two diverse case studies. When using a neural network to control and 

optimize a manufacturing process, the integrity and balance of the training and validation data 

sets dictate the quality of the resultant model. The experimental data was combined with the 

production data. and neural networks were trained and validated on the combined data set. Su 

c. and Miao C. 1998, apply neural networks to analyze an experiment with singly censored 

data (incomplete data). Iwo procedures are developed; the first procedure is quite 

straightforward and can be easily used to rapidly determine the optimal condition. Hsu 

C.M.2001 ,proposes a four-phased procedure based on neural networks and principal 

component analysis to resolve the parameter design problems with multiple responses. The 

quality characteristics of a product are first evaluated through Taguchis quality loss function a 

neural model is then trained to map out the functional relationship between control factors and 

responses‟ quality loss. The functional relationship is then fed into the principal component 

analysis procedure to transfer a set of responses into a set of uncorrelated principal 

components. A feasible combination of control factors can be obtained through the recalling 

function of a neural model. 

Once the variation of tensile strength was chosen as the main performance characteristic (the 

measure of quality) then the design factors, which will have an influence on it, have to he 

selected. Since most welding experiments usually involve a significant number of factors, 

according to the Taguchi method, the number of experiments can be reduced. Using a special 

orthogonal array only a small set from all the possible ones is selected. The sense of the 

orthogonal arrays method lies in choosing the level combinations of the design factors for 

each experiment. A practical definition of experimental design that can be applied to stud of 6 

mm diameter arc welding process is presented in this study.  

The survey shows this method has some weakness in the required number of experiments 

where it equals the number of inner array multiplied by the number of outer array that may 

cause higher number of experiments than that which is needed, The survey also shows that it 



Journal of Engineering Volume 16 June  2010       Number   2 
 

 
 

 1442 

can make a good relationship between the input parameters and the output with minimum 

error by using neural network. 

Taguchi Approach to Parameter Design 

Taguchi method provides a systematic and efficient approach for conducting experimentation 

to determine near optimum settings of design parameters for performance and cost. The 

method pushes quality back to the design stage, seeking to design a product/process. which is 

insensitive to quality problems. The Taguchi method utilizes orthogonal arrays to study a 

large number of  variables with a small number of experiments. It can reduce research and 

development cost by simultaneously studying a large number of parameters. Using orthogonal 

arrays the method can significantly reduce the number of experimental configurations. In 

order to analyze the results. the Taguchi method uses a statistical measure of performance 

called „signal-to-noise‟ ratio, (S/N) After performing the statistical analysis of S/N ratio, an 

analysis of variance (ANOVA) needs to be employed for estimating error variance and 

determining the relative importance of various factors. From their relative importance and 

from the S/N ratio, the optimum condition of factors is chosen. The result at this point is 

estimated using equation: 

                                  R=T+Σ(Ai-T) 

Where: 

R= predicate mean response at the optimal condition 

T= overall mean of all observation in the data 

Ai= average value of significant factors at level i 

Cause and Effect Diagram 

The total variation in the stud arc process may be due to any or a combination of the six 

sources (machine, measurement, method, material, manpower and environment). For this 

study of stud arc welding the effect of manpower on variation is limited because the machine 

is operating in a semiautomatic process, also the experiments have been executed in the 

laboratory environment. so it includes consider the first four ,the other are ignored. Problem 

identification is very important for any industrial experiment. One of the most used methods 

for identifying the problem is brainstorming. Brainstorming is an activity that promotes team 

participation, encourages creative thinking and generates many ideas in a short period of time. 

For an investigation into the possible causes of the undesirable variability in stud welding 

process, a cause-and-effect diagram that lists several suspected causes of this variability, is 

shown in figure (1). Brainstorming in conjunction with cause and effect analysis (CEA) is 

used to identify the control factors which are to be considered for the experiment. 
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MATERIALS 

The diameter of stud to be studied was (6 mm) that is widely used in the mechanical 

structure and also require low energy for welding from other stud diameter. For sheet, the first 

was galvanized (K52355 steel) and the second was non- galvanized (Kl4358steel), with two 

dimensions thickness gage 16 (1.6002 mm) and gage 12 (3.175 mm). For stud, the first was 

(54N1CrMoS6 steel) and the second was (4OCrMnMoS8-6 steel). 

Method (Identification of Process Parameters) 

There are (20) factors identified in this study. Eight independent control factors are 

considered to improve the stud welding process. These factors are (welding time, sheet 

thickness, sheet material. welding current, stud design, stud material, preheat sheet and 

surface cleaning). There other factors were classified as noise factors. 

Selection of Factor Levels and Range of Factor Setting 

Once independent factors are decided, then the number level for each factor is selected. 

Selection of levels depends on how the outcome (tensile strength) is affected by different 

level settings. 

Determining the number levels of selected factors from brainstorming is another major 

concern to many researchers in industries. Brainstorming session it was suggested that 

suitable to use eight factors on of them in multi-level. Seven of the eight control factors have 

two levels, and one has eight levels that is welding time. 

After determining the number of levels required for each factor, it is needed to specify 

the range of operation for each control factor. It is usually best to experiment with the largest 

range feasible, so that the variation inherent in the process does not mask the factor effects on 

the response. The levels for welding time is shown in table (1), and the list of seven control 

factors and their level are shown in table (2). 

 Table (1) Levels of Welding Time Control Factor and for the Experiments 

 

 

 

Factor 
Factor 

label 
Unit 

Level 

1 

Level 

2 

Level 

3 

Level 

4 

Level 

5 

Level 

6 

Level 

7 

Level 

8 

Welding 

time 

(second) 

A second 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
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Table (2) Control Factors and Levels for the Experiments 

Factors Factor labels Unit Level1 Level 2 

Sheet thickness B mm 1.6 3.175 

Sheet material C None K52355 K14358 

Welding current D Ampere 350 540 

Stud design E None Small stud Flange stud 

Stud material F None 54NiCrMoS6 40CrMnMoS8-6 

Preheating G None Preheating No preheating 

Surface cleaning H None Oil  sheet Clean sheet 

 

Measurement (Tensile Testing Technique) 

The response measurement should be well defined. This includes choosing the measurement 

and processing equipment to be used, how to measure, where to measure and where to 

document the data. The stud welding specimen is not the standard specimen tensile test 

dimension because one side is screw and the other is sheet, so the tensile testing was made by 

developing a special fixture for testing operation, special fixture is shown in figure (2): 

                       

Figure (2) the special fixture for the stud welding 

Design of Experiments 

Normally, in the case of eight factors one of them in eight levels and other in two levels are 8 

= 125 experiments should be conducted. In accordance with the Taguchi‟s method the 

standard orthogonal array L16, with only 16 experiments (Table 3) could be used. 
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Table (3) code design matrix orthogonal array L16 2
7
8

1
 . 

run welding 

time 

sheet  

thickness 

sheet 

material 

welding 

current 

stud  

design 

stud 

material 

preheat surface  

cleaning 

1 1 1 1 1 1 1 1 1 

2 1 2 2 2 2 2 2 2 

3 2 1 1 1 1 2 2 2 

4 2 2 2 2 2 1 1 1 

5 3 1 1 2 2 1 1 2 

6 3 2 2 1 1 2 2 1 

7 4 1 1 2 2 2 2 1 

8 4 2 2 1 1 1 1 2 

9 5 1 2 1 2 1 2 1 

10 5 2 1 2 1 2 1 2 

11 6 1 2 1 2 2 1 2 

12 6 2 1 2 1 1 2 1 

13 7 1 2 2 1 1 2 2 

14 7 2 1 1 2 2 1 1 

15 8 1 2 2 1 2 1 1 

16 8 2 1 1 2 1 2 2 

 

Experimental Preparation and Process Run 

The experimental preparation involves those activates that occur prior to actual running of the 

experiment. Poor preparation is the most frequent cause of inconclusive results. Errors in the 

experimental procedure this step can affect the experimental validity. The experiment of the 

study was conducted in a laboratory at which air conditioning is similar to outdoor 

environment. Also all the important material, machine was prepared in similar of an 

experimental area. In this step. the main task was to construct the uncoded design matrix for 

the experiment. The uncoded design matrix is shown table (4). 

 

 

 

 

 



 N. K. Abid Al-sahib                                                      Taguchi Experimental Design and Artificial  

 R.M.A Hamza                                                            Neural Network Solution of Stud Arc Welding   

 I.I.Al-kazaz                                                                 Process 

 

 1450 

Table (4) uncoded design matrix array L162
7
8

1
 

 

The outer array of (12) noise factors with three combinations will be L16, so the total 

number of runs to be conducted in this case would be  

l6  12  2 = 384 experiments as minimum. Performing of many unimportant experiments is 

costly and time consuming; the operating characteristic (OC) curve was used to develop the 

sample size. The experiment tensile outputs are shown in table (5) 

 

 

 

Run 
welding time 

(second) 

sheet  

thickness 

(mm) 

sheet 

material 

welding 

current 

(Ampere) 

stud  

design 
stud material preheat 

surface  

cleaning 

1 0.15 1.6 K14358 350 Small 54NiCrMoS6 Preheat Clean sheet 

2 0.15 3.175 K52355 540 Large 40CrMnMoS8-6 No preh. Oil  sheet 

3 0.2 1.6 K14358 350 Small 40CrMnMoS8-6 No preh. Oil  sheet 

4 0.2 3.175 K52355 540 Large 54NiCrMoS6 Preheat Clean sheet 

5 0.25 1.6 K14358 540 Large 54NiCrMoS6 Preheat Oil  sheet 

6 0.25 3.175 K52355 350 Small 40CrMnMoS8-6 No preh. Clean sheet 

7 0.3 1.6 K14358 540 Large 40CrMnMoS8-6 No preh. Clean sheet 

8 0.3 3.175 K52355 350 Small 54NiCrMoS6 Preheat Oil  sheet 

9 0.35 1.6 K52355 350 Large 54NiCrMoS6 No preh. Clean sheet 

10 0.35 3.175 K14358 540 Small 40CrMnMoS8-6 Preheat Oil  sheet 

11 0.4 1.6 K52355 350 Large 40CrMnMoS8-6 Preheat Oil  sheet 

12 0.4 3.175 K14358 540 Small 54NiCrMoS6 No preh. Clean sheet 

13 0.45 1.6 K52355 540 Small 54NiCrMoS6 No preh. Oil  sheet 

14 0.45 3.175 K14358 350 Large 40CrMnMoS8-6 Preheat Clean sheet 

15 0.5 1.6 K52355 540 Small 40CrMnMoS8-6 Preheat Clean sheet 

16 0.5 3.175 K14358 350 Large 54NiCrMoS6 No preh. Oil  sheet 
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                                Table (5) tensile strength runs 

Run 
actual run 

order 
Tensile strength (N/mm² ) 

Mean 

N/mm² 

Standard 

deviation 

N/mm² 

1 5 175.73 213.23 143.66 195.09 210.50 155.60 182.302 28.860 

2 9 288.70 251.20 330.40 284.99 225.90 300.70 280.315 36.946 

3 13 284.39 198.56 225.89 245.87 276.24 263.54 249.082 32.539 

4 3 359.99 420.50 428.42 300.03 387.38 367.54 377.310 46.790 

5 12 190.70 245.87 235.90 298.46 164.33 289.46 237.453 52.977 

6 11 370.45 392.68 191.74 360.38 288.70 383.26 331.202 77.637 

7 8 321.60 139.00 349.05 310.00 362.93 457.50 323.375 104.318 

8 1 331.96 326.32 331.15 401.60 387.26 314.78 348.828 36.095 

9 4 388.10 233.60 372.20 287.95 225.43 278.00 297.547 68.611 

10 2 530.00 460.72 549.85 375.12 410.53 375.89 450.352 76.343 

11 15 305.40 383.20 456.00 378.00 478.00 375.00 395.933 62.388 

12 7 152.09 160.74 170.76 166.80 250.88 132.45 172.287 40.835 

13 16 219.19 152.97 250.85 257.16 266.78 198.75 224.283 43.258 

14 10 155.65 180.45 289.40 220.68 225.35 248.78 220.052 47.705 

15 14 289.36 215.62 318.43 256.84 288.23 145.63 252.352 62.900 

16 6 185.32 178.45 223.21 155.82 298.33 188.43 204.927 50.651 

 

Analysis of variance 

Equations for conducting the variance are presented in this section. Sum of squares (Si) 

of factor i at level k was calculated according to the equation: 

N
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Where, N is the total number of experiments. Nk the number experiments of each level and Yj 

the mean response. 

The total sum of squares (ST) was calculated using equation: 
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Experimental error (Se) was calculated: 

 iTe SSS  
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Mean square of factor i (Vi) vas computed using the following equation: 

i

i
i f

S
V  

Where, f i is degree of freedom, which is one less than the number of levels. The total degree 

of freedom of the result (fT) is one less than the total number of experiments. The degree of 

freedom for error variance (fe) is the total degree of freedom minus sum of degree of freedom 

of factors. The next step was the calculation of the variance ratio (Fi), which is the quotient of 

mean square of factor and error. The fraction of importance of each factor (in percents) was 

calculated according to the equation: 

                                 
e

a
a v

v
F   

The variance ratio, commonly called F statistic (named after Sir Ronal A. Fisher). is the 

ratio of variance due to the effect of a factor and variance due to the error term. This ratio is 

used to measure the significance of the factors included in the error term. The F value 

obtained in the analysis of variance is compared with a value from standard F tables for a 

given statistical level of significance. Confidence interval, C.I., of the factor effect and 

estimated value of the result at the optimum condition was computed using the following 

equation: 

C.I. of 
 

e
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N
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 2,1,
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

 

F (, 1, f 2) = table value of F,  significant level with 1 degree of freedom for the numerator 

and f 2 degrees of freedom for the error term. 

 ve = error variance = MSE    ,  Ne = is effective number of replications ,Where each factor can 

be calculate from: 
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Results and Discussion 

After creating a Taguchi orthogonal array, the selected experiments were performed. A 

statistic analysis summary of the tensile strength, called S/N ratio, is employed to find the 

optimum level of the selected factors. The average s/n ratio of each run is shown in (Table 6). 
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Table (6) The SNR values for experimental trials 

Trial 

no. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

S/N 

(dB) 
44.9 48.7 47.7 51.3 46.9 49.4 48.1 50.7 48.9 52.7 51.6 44.2 46.5 46.3 47.0 45.7 

After obtaining the SNR values, the next step was to obtain the average response values of 

SNR at low and high levels of each factor and hence the effect of each factor on the SNR. The 

results are shown in table (7) and table (8). 

Table ( 7) Average SNR Table for factor A 

Factor 

A 

Average 

SNR at 

level 1 

Average 

SNR at 

level 2 

Average 

SNR at 

level 3 

Average 

SNR at 

level 4 

Average 

SNR at 

level 5 

Average 

SNR at 

level 6 

Average 

SNR at 

level 7 

Average 

SNR at 

level 8 

Effect 

of the 

 factor 

rank 

Factor 

Effect dB 

 

46.83 49.53 

 

48.19 

 

49.43 

 

50.84 

 

47.96 

 

46.41 

 

46.38 

 

4.52 

 

1 

 

Table (8) Average SNR Table for other factor 

Factors 

Average SNR at 

level 1 dB 

 

Average SNR at 

level 2 dB 

 

Effect of the  factor dB 

 
rank 

B 47.73 48.69 0.96 6 

C 47.10 49.31 2.21 2 

D 48.18 48.23 0.05 8 

E 48.23 48.46 0.23 7 

F 47.41 49.00 1.69 3 

G 48.98 47.43 -1.65 4 

H 47.55 48.86 1.31 5 

 

Tables (7) and (8) show that factors A and C have a dominant effect on the SNR, followed by 

factors F, G, H, B, F, and D. The main effects plot for the SNR is shown in figure (3). 
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The relative magnitude of the effect of different factors can be obtained by decomposition of 

variance, called ANOVA (Table 9). The Sum of Squares column in Table (9) was calculated 

using equations (2), (3) and (4), the Mean Square column with equation (5) and the F-ratio 

column as calculated with equation (6). The ANOVA table has shown that the most dominant 

factor effects arc D (welding current), E (stud design) and A (welding time). The optimal 

conditions setting of factors. which will maximize the SNR is (i.e. the best control factor 

settings) depend on the SNR arc AS, 132. C2, D2, E2, F2, G1 and H2.The calculations of 

Analysis of Variance for the factors by using Matlab software are: 

Table (9) ANOVA for the SNR 

Source of variation Sum of Squares df Mean Square F-ratio 

A 37.384 7 5.341 0.88 

B 3.529 1 3.529 0.58 

C 19.769 1 19.769 3.26 

D 0.004 1 0.004 0.00 

E 1.129 1 1.129 0.19 

F 9.899 1 9.899 1.63 

G 9.402 1 9.402 1.55 

H 6.679 1 6.679 1.10 

error 6.070 1 6.070 1 

Total 93.865 15 6.257  
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Figure (3) the main effects plot for S/N ratio 
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Stage (2): Performing the SNR analysis and (S.D.) analysis, then the next step was to 

identify the factor effects that have significant impact on the mean response. The average 

response values at each level of the factor A and the effects are present in table (10), and the 

average response values at low and high level for the other factors and their effects are present 

in table (11). 

Table (10) the average response of welding time control factor 

Factor 

A 

Average 

mean at 

level 1 

Average 

mean at 

level 2 

Average 

mean at 

level 3 

Average 

mean at 

level 4 

Average 

mean at 

level 5 

Average 

mean at 

level 6 

Average 

mean at 

level 7 

Average 

mean at 

level 8 

Effect 

of the 

 factor 

rank 

Factor Effect 

N/mm
2
  

231.3 313.1 284.3 336.1 382.3 284.1 222.1 

 

228.6 160.6 1 

 

Table (11) the average response values at each level of the factors and their effects 

Factors 
Mean response at 

level 1 N/mm
2
 

Mean response at 

level 2 N/mm
2
 

Effect 

N/mm
2

 
rank 

B 270.29 298.16 29.96 6 

C 257.07 313.47 56.4 3 

D 278.73 291.81 13.08 8 

E 278.43 292.11 13.68 7 

F 255.61 314.93 59.32 2 

G 310.17 260.37 -49.8 4 

H 269.55 300.99 31.44 5 

 

The main effects plot factor effects are illustrate in Figure (4). 
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Figure (4) main effects plot for the mean response 
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Figure (4) shows factors A, C, E and F have a significant impact on the mean 

response (i.e. mean tensile strength). This will be followed by factors B, H, D and 

E. 

The variance ratio (F-value statistic) represents the ratio of variance due to the effect 

of a factor and variance due to the error term. This ratio is used to measure the 

significance of factors included in the error term [17, 18]. The F value obtained in the analysis 

of variance is compared with a value from standard F tables, to decide significance of 

statistical level. It can be seen from table (12) that factor A (welding time) has a large affect 

on the mean of stud welding tensile strength (43.37° of fraction of importance). Value of 

factor C (sheet material) and F (stud material) are (13.84%). (13.53%) respectively. 

Table (12) ANOVA for the response 

Source of 

variation 
Sum of Squares df Mean Square F-ratio 

Percent contribution 

(ρ) 

A 42304.33 7 6043.48 42.35 43.37 

B 3089.23 1 3089.23 21.6 3.17 

C 13493.92 1 13493.92 95.14 13.84 

D 519.19 1 519.19 3.35 0.53 

E 1005.63 1 1005.63 63.25 1.04 

F 13203.33 1 13203.33 91.04 13.53 

G 8817.68 1 8817.68 63.25 9.05 

H 3271.65 1 3271.65 23.94 3.35 

error 11829.65 81 143.84 1 12.12 

total 97534.58 95 1119.02 - 100 

 

Added the factors B,D,E,G and H can be pooled. A new table without the above factors was 

constructed (table13) 

Table (13) the pooled ANOVA for response 

Source of 

variation 

Sum of 

Squares 

df Mean 

Square 

Variance ratio 

(F-ratio) 

Percent 

contribution (ρ) 

A 42644 7 6092 14.2 40.36 

C 13686 1 13686 31.91 13.5 

F 13095 1 13095 30.53 12.89 

error 28779 86 428.86 1 33.25 

total 98204 95 1033.72  100 
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The sum of squares of pooled factors was added to the error term, and then new mean square 

of the error term was calculated using equation: 











i

e

p

i

i

e

p

i

e
ff

ss

V  ,           Where superscript p indicates the pooled factors. 

Since the degree of freedom of the factor A is 7 and for error term is 86, so, F7 = 2.11 

at level of significance (950 o confidence), see ( F-table )(Fisher -table). 

As the computed value of variance ratio (14.2), (table 13), is bigger than the value from 

(F table), so there is in 95% of confidence this factor A (welding time) has an effect on stud 

welding process. For (C and F) factors, the degree of freedom is 1 so the F1, 3.97, since 

computed F-ratio are 31.91 and 30.53 respectively for each (table 13) which is higher than 

from F-table, then the above two factors also have an effect in the stud welding process, as 

well as for A. 

After identifying the significant factor effects, the next step was to determine the 

optimal setting for these factors which will bring the mean response as close as possible to the 

target. He optimum condition (i.e. the best control factor settings) based on the mean response 

figure (4) was: 

 A5, B2, C2, D2, E2, F2, G1 and H2. 

Here the factors B, C, F and H are the same with the last setting (see stage one). While 

for factor A this is difference, when we choose A5 or A6, if choose A5 (the welding time 

is0.35 second), then the tensile strength and standard division will be (382.341N/mm2 and 

72.47 N/mm2) respectively, while when choose A6 (the welding time is 0.4 second), the 

tensile strength and standard division will he (284.110 N/mm2 and 51.61N/mm2). So, in this 

study an estimated of factor A (A6=0.38 second) is considered. For factor D, the mean and 

standard deviation of this factor, in level D1, is (278.73 N/mm2, 50.56 N/mm2) respectively, 

while them, in level D2, are (292.11 N/mm2, 58.04 N/mm2) respectively, so D1 would be 

considered. The same thing for factor E1. For factor G, the mean and standard division of this 

factor, in level G . are (310.17 N/ni2, 51.75 N/mm2) respectively, while them, in level C , are 

(260.37 N/mm2, 56.84 N/mm2) respectively, so C I would be considered. The factors levels 

are:   

Ẩ6, B2, C2, D1, E1, F2, G1 and H2. 

 

In order to reach the optimal factor settings, the factor setting that yields minimum 

quality loss can he study. The quality loss function for larger the better is: 
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 
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2 1
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The summarized calculation is shown in table (14). 

Table (14) loss function calculation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From table (14), run (1) which represented in bold yield the rnininmm loss. Settings 

based on the loss-function analysis was therefore obtained as: 

A1, F1, C1, G1 and H1 

For factor A, level 1 will yield a veiy low tensile strength (182.302N/mm2), so this 

level is not taken. ibr the three factors F, C and G the level is the same, for factor H in level 1 

the tensile strength is (269.55N/rnrn2), while in level 2 it is (300.99N/mm2) the reduction is 

also high, so the final optimum stetting is: 

Ẩ 6, B2, C2, D1, E1, F2, G1 and H2. 

 

Run        
(yˆ)² L(y)/K (money unit/piece) 

1 299094.4 3.3×10
-6

 

2 202216.8 4.9×10
-6

 

3 230924.9 4.33×10
-6

 

4 125509.6 7.97×10
-6

 

5 243914.1 4.1×10
-6

 

6 163858.9 6.1×10
-6

 

7 174992.3 5.71×10
-6

 

8 145438.5 6.89×10
-6

 

9 190410.7 5.25×10
-6

 

10 83183.4 1.2×10
-5

 

11 160655.2 6.22×10
-6

 

12 290938.1 3.43×10
-6

 

13 256371.3 3.9×10
-6

 

14 260776.3 3.83×10
-6

 

15 230653.3 4.33×10
-6

 

16 276680.6 3.61×10
-6
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Predicted Mean Response at the Optimal Condition 

The predicted mean response at the optimal condition is estimated only from the 

significant main effects. The main factor effects, which has a significant impact on the mean 

response were A. F. C, C and H. The predicted mean response based on the optimal factor 

levels of A, F, C, C and II is given by:  

R= T+ (Ẩ 6-T) + (C2-T) + (F2-T) + (G1-T) + (H1-T) 

Where 

         R= predicted mean response at the optimal condition  

         T = overall mean of all observation in the data 

R=284.225+(310.5-284.225)+(313.47-284.225)+(314.93-284.225)   +(310.17-

284.225)+(300.99-284.225) 

         R=413.185 N/mm
2

 

Interpretation, Experimental Conclusions and Confidence Interval for the Predicted 

Mean Response 

After interpreted the results of the analysis, it is advisable to ensure that the 

experimental conclusions are supported by the data. The confidence interval is the variation of 

the estimated result at the optimum condition. 

   MSE = error variance =143.84 N/mm
2

 

   F1, 96   = 3.96 

  8
111117

96



eN 

Therefore, the 99 per cent confidence interval for the mean tensile strength is given by: 

8

84.14396.3
185.41399


percentCI 

                     =413.185   ±8.43 N/mm
2

 

The result at the optimal condition is 413.185±8.43 N/mm2 at the 99 percent 

confidence level. After determination the confidence level for the predicate mean response, 

makes a confirmation experiment or run. The confirmation experiment/run is used to verify 

whether the predicated mean response based on the optimal combination of factor levels give 

process response within the confidence limits or not. If conclusive results are obtained from 

the confirmation run, a specific action on the process may be taken for improvement. 

Confirmation Run 

A confirmatory run/experiment (or follow-up experiment) is necessary in order to 

verify the results from the statistical analysis. This is to demonstrate that the factors and levels 

chosen for the influential factors do provide the desired results. The insignificant factors  
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Table (16) the sample tensile strength based on Taguchi methodology optimization  

should be set at their economic level during the confirmation run/experiment. If 

conclusive results have been obtained, improvement action on the product or process under 

investigation is recommended. On the other hand, if the result does not turn out as expected, 

further investigation may be required. 

In industrial experiments, once the solution has been implemented, it is recommended 

to monitor the process by constructing control charts on the experiment‟s response variable 

(s) and critical factors that influence the response. Control charting will ensure that the 

problem does not reoccur [133]. For the study, the sample taken contains ten pieces were 

produced under the optimal condition that is in table (15): 

Table (15): the optimum stud welding condition based on Taguchi 

methodology optimization 

factor level 

Ẩ 6: welding time 0.38 second 

B2 :sheet thickness 3.175 mm 

C2 :sheet material non- galvanized (K14358steel) 

D1: welding current 350 Ampere 

E1: stud design Small stud 

F2: stud material 40CrMnMoS8-6 steel 

G1 Preheating 

H2: Surface cleaning Clean sheet 

The results are shown in table (16): 

 

Sample 
Tensile strength 

N/mm
2

 

1 443.52 

2 421.32 

3 410.63 

4 390.48 

5 472.40 

6 422.67 

7 398.93 

8 431.88 

9 408.33 

10 524.55 
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The mean tensile strength from the confirmation run was 432.47 N/mm2 the standard division 

is 39.950 N/mm2 and the range is 134.07 N/mm2.  

The effect of every factor of the study can be summarized as: 

Welding Time 

This factor strongly effects on tensile strength measure. the mean value of tensile strength in 

levels (0.15 ,0.2 ,0.25 ,0.3 ,0.35 ,0.4 ,0.45 ,0.5) second is (231.3 ,313.196 ,284.32 ,336.l 

,373.95, 284.11 , 222.16 . 228.64) N/mm2 respectively. The effect of factor on the mean is 

(42.3 9perccnt) which shows 110W much the variation of stud welding tensile strength from 

one level of welding time to another, The welding time has a relationship with the input 

energy rate; there is when the welding time increases the average input energy increases that 

lead to increase in tensile strength until value it decrease due to over energy. 

Sheet Material  

Macrograph pictures show that the sheet material had two effects. First, galvanizing appeared 

to result in greater porosity in the joints. The mean of tensile strength in level l(K52355) is 

157.07 Nmm2 and in level 2 (K14358) is 313.47 N/mm2. Also, there appeared to be 

considerably less heat and retained liquid metal in the joints on coated sheet. Second, the non-

galvanized sheet (K14358stec1) indicates higher tensile strength, this may be due to the 

percentage of carbon contain (O.l44°o) is higher than for galvanized (K52355) sheet 

(0.0689%). The effect of factor on the mean tensile strength is (13.78percent). 

Stud Material 

This factor also effects in the stud welding process, the different value of tensile strength call 

he shown from one level to another. The mean tensile strength in level 1(54NiCrMoS6) is 

255.61 N/mm2 and in level 2 (4OCrMnMoS8-6) is 314.93 N/mm2.The effect of factor on the 

mean is (l3.l8percent). The higher value of strength for (4OCrMnM0S8-6) from the strength 

for (54NiCrM0S6) may be due to the containing of carbon where for the first (0.229%) while 

for the second (0.139%) , as described previously for sheet material, and also due to other 

alloy elements for example tile percentage of Mg is (1.07°) ill 4OCrMnMoS8-6 and (0.405%) 

in 54NiCrMoS6.  

Preheating 

This factor gives a positive effect on both the increase of the tensile strength and a decrease in 

the variation of process. The mean tensile strength in level l(preheating) is 310.17 N/mm2 and 

in level 2 (no- preheating) is 260.37 N/mm2 .The factor effect on the mean is (9.1 percent). 
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The base metal must he preheated to prevent the formation of cracks. This is similar to the 

effect on arc welding process for reducing heat effect (heat tear) that reducing the cooling rate 

for tile welding area and HAL which reducing the hardness of these areas especially when the 

carbon percentage more than 0,25 that yield hardness phases (without preheating). All 

oxyfuel gas heating torch is used for heating because only a localized preheated zone is 

needed; the preheating temperature is between (31 5-3 70) °C. 

Stud Design 

The design of tile stud influenced the working area of the stud surface. This factor was found 

to completely dominate the tensile results. Despite of the fact that flange studs are going to 

have a greater area for welding and subsequently greater strengths, flange stud joints 

susceptible to porosity compared to smaller studs as micrographic pictures show, this appears 

to be due to a geometry effect. Tile mean of tensile strength in level l(small stud) is 278.43 

N/mm2 and in level 2 (flange stud) is 292.1 IN/mm2 Flange stud actually appeared to 

increase tensile strength performance and this is showing in many specimens but the variety is 

more may be due to preparing of flange stud is not at accuracy enough that causes porosity. 

The effect of this factor on the mean is (9.11 percent). 

Surface Cleaning 

This factor has little effect on the measured tensile strength compared with tile previous 

factors; the effect of this factor on the mean is (3.36 percent). The mean of tensile strength in 

level 1(oil sheet) is 269.55 N/mm2 and in level 2 (clean sheet) is 300.99 N/mm2 .The clean 

sheet already shows the greatest tensile strength and this is logic, but limited and which may 

be due to the wielding area is small that lead to little effect.  

Sheet Thickness 

Increasing sheet thickness has two effects; the first; a thicker sheet is stiffer during 

mechanical testing and this minimizes the peel characteristic of the tests and increases 

strength. The second thicker sheet present increase in the area of heat diffusion that lead to 

high cooling rate which creating inherently stronger welds. The mean of tensile strength in 

level 1(1.6 mm) is 270.29 N/mitt and in level 2(3.175 mm) is 298.16 N/mm2 The effect of 

this factor on the mean is (3.0 percent). 

Welding Current 

This factor has the smallest effect factor where the effect is (0.34percent). The mean of tensile 

strength in level 1(350 ampere) is 278.73 N/mm2 and in level 2 (540 ampere) is 291.81 

N/mm2. I his result is far from the expected result where the welding current play important 
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role in arc welding process. But this happen here may be due to the two levels of welding 

current that choosing represent the boundaries of welding current, and there no 

intermediate grade between this two levels in the welding current selector of stud arc 

machine. 

CONCLUSIONS 

The study has showed a significant improvement (approximately 30.84 percent) increase in 

stud joint tensile strength and (approximately 30.06 percent) decrease in stud joint tensile 

strength variation. 

Measures of weld quality in this study included tensile strength testing and some macrograph 

photos. Statistical techniques used to produce a series of main effect plots for factors and 

results are analyzed. These robustness plots allowed direct observation of how weld quality 

measure was affected by each factor of interest. Specific conclusions from this study are as 

follows: 

 Dominant factors in the Performance of Stud Welds - the dominated effective factors 

of stud welds performance are (welding time), (plate material) and (stud material) study. 

 Effect of preheating plate - preheating has positive effects on the increasing of the 

tensile strength with reducing variability. 

 Effect of Stud design - increasing stud area appeared to decrease of measures of 

tensile strength. This was true where the levels of internal porosity also increased with the 

larger studs. 

 Effect of Plate Thickness - increasing thickness led to increases in mechanical 

measure (tensile strength) of weld quality. The benefits appeared to come from increased 

stiffness of the joint as well as increased peel strengths associated with the thicker 

material. 

 Effect of Plate Material - Welding onto galvanized plates appears substantial porosity 

in the joint, so the non-galvanized plates obtain better tensile strength. 

 Effect of Other Factors - weld quality measurements (tensile strength) as well as 

macrograph sections show the other factors in the study, welding current and the presence 

of surface cleaning, all had little effect.  
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ABSTRACT 

                   Presented in this paper is a series of bending moment influence surfaces for concrete 

rectangular plates simply supported at three edges and built-in at the fourth edge. The solutions are 

obtained analytically on the basis of thin plate's theory with small deflection using double Fourier 

series. The influence surfaces are presented for two observation points namely the center of the 

plate as well as the midpoint of the built-in edge. A computer program was written in FORTRAN 

language to generate the influence surfaces making use of the developed analytical solutions of this 

work. The validity of the computer solution was confirmed by comparing its results with published 

results for zero Poisson's ratio and excellent agreement was obtained. An application of the 

influence surfaces for the case of a line load as well as a strip load is also presented.   

The paper reveals that the bending moment influence surfaces depend on the actual value of 

Poisson's ratio, aspect ratio of the plate, and position of the observation point.   

 
 الخلاصة

ٌقدو هرا انبحث حهىلا             
 "

ححهٍهٍت نسطىح انخأثٍس نعصوو الاَحُاء لأنىاح كىَكسٌخٍت يسخطٍهت بسٍطت الاسُاد فً ثلاثت حافاث 

و يبٍُت فً حافخها انسابعت اعخًادا
 "

                                                                        .                                            عهى َظسٌت الأنىاح انُحٍفت ذاث الأود انقهٍم

الاونى فً : عصوو الاَحُاء فً َقطخٍٍ يٍ َقاط انًلاحظت  قد خصصج لأٌجاد, أٌ سطىح انخأثٍس انخً حى حطىٌسها فً هرا انبحث 

 .يسكص انهىح و انثاٍَت فً َقطت انىسط نهحافت انًبٍُت 

نغسض أٌجاد سطىح الاَحُاء و ذنك بالاعخًاد عهى انحهىل انخحهٍهٍت انخً حى  الفورترانيج عهى انحاسبت بهغت نقد حى كخابت بسَا

 .    حطىٌسها فً هرا انبحث

أظهسث يقازَت انُخائج نهحهىل انخحهٍهٍت انخً طىزث فً هرا انعًم حىافقا
"

يًخاشا 
 "

يع َخائج حهىل يخىفسة نُسبت بىسىٌ حساوي 

 .صفس
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و يىقع َقاط ( انعسض/انطىل)ٌبٍٍ بأٌ سطىح انخأثٍس نعصوو الاَحُاء حعخًد عهى َسبت بىسىٌ وانُسبت بٍٍ أبعاد انهىح اٌ انبحث 

 .انًلاحظت

 

KEYWORDS: aspect ratio, bending moment, influence surfaces, plates, Poisson's ratio.   
 

INTRODUCTION 

 

For bridge decks, the types of construction are divided into beam, grid, slab, beam and slab, and 

cellular. A slab deck behaves like a flat plate which is structurally continuous for the transfer of 

moments and torsions in all directions within the plane of the plate (Hambly, 1976). 

In bridge design, the most important and most difficult task faced by the structural designer is the 

accurate estimation of the loads, which may be applied to a structure during its life. After loads are 

estimated the next problem is to decide the worst possible combinations of these loads which might 

occur at one time (McCormac, 1989). The concept of considering an actual bridge deck as an 

equivalent plate for the purpose of determining the distribution of stresses is well established 

(Cusens and Pama, 1975).  

Influence lines can be used for two very important purposes (Merritt, 1999); the first purpose is, to 

determine what position of live loads will lead to a maximum value of the particular function for 

which an influence line has been constructed. The second purpose is the value of that function with 

the load so placed or, in fact, for any loading condition. 

The influence surface represents a two-dimensional analogue of the one-dimensional influence lines. 

They are independent of the mode of loading and can be evaluated easily for each load case, for 

plane structures which are indispensable for the analysis of bridge structures (Pucher, 1973).  

Pucher (1973) obtained influence surfaces for the internal forces of various plates but they are 

restricted to Poisson's ratio equal to zero with length to width ratio equal to 0.8, 1.0, and 1.2. 

Timoshenko and Woinowsky –Krieger (1989) presented analytical results for the bending 

moments of rectangular plates with various edge conditions and a Poisson's ratio of 0.3. 

Razouki and Al-Lami (2005) studied the effect of Poisson's ratio on the bending moment influence 

surfaces for simply supported rectangular plates. Also Razouki and AL-Ani (2006) studied the 

effect of Poisson's ratio on the bending moment influence surfaces for rectangular plates simply 

supported at two parallel edges and fixity at the other opposite edges.  

It is worth mentioning that the software LARSA can deal with influence surfaces of plate-deck 

models using standard and new two-dimensional vehicle definitions that model both the length and 

width of the vehicle and tire contact area.  
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Finally, it is useful to note that Boyd et.al (1999) and Wang et.al (2000) made use of the influence 

surface theory of thin plate for representing mathematically the human knee joint surfaces. 

 

POISSON'S RATIO: 

 

The Poisson's ratio of concrete is a basic function in analyzing and designing prestressed and 

ordinary reinforced concrete plates and shells (Klink, 1985). 

Francis  et.al. (1991) stated that Poisson's ratio was found to be insensitive to the age and the 

richness of concrete mix and may be taken as approximately 0.19 for concrete. According to ACI 

Committee 363 (1984), the value for Poisson's ratio of light weight aggregate high strength 

concrete is equal to 0.2 and for normal weight high strength concretes, Poisson's ratio varies 

between 0.2 and 0.28. 

According to Kupfer and Gerstle (1973), Poisson's ratio for concrete shows some dependency on 

the stress ratios. They obtained a value of 0.2 for biaxial compression, 0.18 for biaxial tension and a 

range of 0.18 to 0.2 for tension compression state of stress. Neville and Brooks (1987) pointed out 

that Poisson's ratio for concrete has been observed to remain approximately constant up to a stress 

level of 80% of the concrete strength. Beyond this level, Poisson's ratio increases rapidly and values 

in excess of 1.0 have been measured by Darwing and Pecknold (1977) .Mirza et.al (1979) 

reported that Poisson's ratio under uniaxial tension is somewhat lower than in uniaxial compression. 

For the purpose of analysis in this work, the value of Poisson's ratio to be considered for concrete is 

0.2. However, the analysis remains valid for any other material having a Poisson’s ratio close to that 

for concrete.   

 

KIRCHHOFF-LOVE THEORY OF THIN PLATES : 

 

Timoshenko and Woinowsky –Krieger (1989) differentiate between thin plate theory with small 

deflection and that for large deflection. 

However, Zehender et.al (1998) reported that the crack tip stress field in a plate described in terms 

of  the small deflection Kirchhoff plate theory is still valid for large deflections. 

Thus , the use of thin plate with small deflection is quite justified. 

 

According to Szilard (1974), the small deflection plate theory which is attributed to Kirchhoff and 

Love, is governed by the following differential equation describing the behavior of isotropic plate 

which was obtained by Lagrange in 1811 (Timoshenko and Woinowsky –Krieger , 1989)  

 



S. S. Razouki                                                                              Bending Moment Influence Surfaces For Rectangular 

Z.R. Al-Ani                                                                               Concrete Plates Simply  Supported At Three Edges 

                                                                     And Built-In  At The Fourth Edge 

 

 4798 

D

yxq

y

w

yx

w

x

w ),(
2

4

4

22

4

4

4















                                                                                                     (1) 

where 

 w =lateral displacement of the plate.  

q(x, y)= intensity of lateral load. 

D= flexural rigidity of the plate. 

)1(12 2

3




Eh
D

                                                                                                                                        (2) 

E=modulus of elasticity of the plate material. 

h=plate thickness. 

  =Poisson's ratio of the plate material.  

The bending and twisting moments can be obtained in terms of deflection surface as follows 

(Timoshenko and Woinowsky –Krieger,1989): 

 

 

 

 

 

 

 

where 

Mx =bending moment per unit length acting on the sections parallel to the y- axis. 

     =bending moment per unit length acting on the sections parallel to the x- axis. 

              = Twisting moment per unit length of sections perpendicular to the x and y  

                 axes respectively.              

According to Timoshenko and Woinowsky-Krieger (1989), the analytical solution for rectangular 

plates simply supported at three edges and built-in at the fourth edge as shown in Fig.1 can be 

determined by superposition approach .This approach makes use of Navier solution and Levy 

solution for simply supported plate at all four edges as discussed below. 
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BBEENNDDIINNGG  MMOOMMEENNTTSS  FFOORR  RREECCTTAANNGGUULLAARR  LLOOAADDEEDD  AARREEAA  OONN  TTHHEE  PPLLAATTEESS::  

    

VVaarriioouuss  mmeetthhooddss  ooff  ssoolluuttiioonn  ooff  tthhee  ppllaattee  eeqquuaattiioonn  aarree  aavvaaiillaabbllee  ((GGiirrkkmmaannnn  11996633;;  SSzziillaarrdd  11997744  

aanndd  TTaayylloorr  aanndd  GGoovviinnddggeeee  22000022))..  HHoowweevveerr,,  tthhee  double Fourier series is adopted in this work as it 

ensures convergence.  

FFoorr  aa  ssiimmppllyy  ssuuppppoorrtteedd  rreeccttaanngguullaarr  ppllaattee  aatt  ffoouurr  eeddggeess  ssuubbjjeecctteedd  ttoo  rreeccttaanngguullaarr  llooaaddeedd  aarreeaa  aass  

sshhoowwnn  iinn  FFiigg..22,,  TTiimmoosshheennkkoo  aanndd  WWooiinnoowwsskkyy--KKrriieeggeerr  ((11998899))  ssttaatteedd  tthhaatt  tthhee  ddeefflleecctteedd  ssuurrffaaccee  

ww11((xx,,  yy))  iiss  

                                                                                                      

     

  (4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a= the length of built-in edge. 

b= the dimension of the plate perpendicular to built-in edge.  

TThhee  ddeefflleecctteedd  ssuurrffaaccee  ffoorr  aa  ssiimmppllyy  ssuuppppoorrtteedd  rreeccttaanngguullaarr  ppllaattee  ssuubbjjeecctteedd  ttoo  ddiissttrriibbuutteedd  mmoommeenntt  aatt  

tthhee  eeddggee  yy22==bb//22  aass  sshhoowwnn  iinn  FFiigg..33  bbeeccoommeess  ((TTiimmoosshheennkkoo  aanndd  WWooiinnoowwsskkyy--KKrriieeggeerr,,  11998899))::  
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Fig.2 simply supported rectangular plate with uniform loading on a rectangular area                                                   
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where                                                                                   

        = y-b/2 

 

                                                                               (6) 

                         

        =coefficients of a single sine series of distributed moment at the                                 

           edge   y2=b/2   

The parameter Em  can be determined by using the condition at built-in edge which indicates that the 

two slopes are equal in magnitude and of opposite signs.   

This means 

                                                                                    

 (7) 

         

 The slope           produced by rectangular loaded area can be determined from Eq.(4) as follows : 
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 Fig.3 distributed moment at the built-in edge   y2 =b/2  after Szilard (1974)   
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The distributed moment My at the side y2=b/2 shown in Fig.2 produces the following slope from 

Eq.(5): 

 

                                                                                           

                                                                                                  

 

where   see Eq.(6) 

 

 

The substitution into above equation yields 

 

 (8) 

 

 

Then, Em can be obtained from the condition of Eq.(7) as follows:  

 

 

 

   

                                                                                                                                                               

 (9) 

or 

                                                                                             

 

 

(10) 

 

 

 

Thus, the bending moments can be obtained as follows:  see Eq.(3)  
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To have a good ckeck on the resultes obtained , use can be made of the case of full uniform loading 

over the whole plate treated by Timoshenko and Woinowsky –Krieger (1989)  ffoorr  wwhhiicchh  tthheeyy  

pprreesseenntteedd  tthhee  bbeennddiinngg  mmoommeennttss  aatt  tthhee  mmiiddppooiinntt  ooff  tthhee  bbuuiilltt--iinn  eeddggee  aanndd  aatt  tthhee  mmiiddddllee  ooff  tthhee  ppllaattee..  

FFoorr  tthhee  ccaassee  ooff  ffuullll  llooaadd  uu==aa,,  vv==bb  aanndd  eeqquuaattiioonnss  ((1111))  aanndd  ((1122))  ggiivvee  tthhee  ddiimmeennssiioonnlleessss  bbeennddiinngg  

mmoommeennttss  
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Arly Eq.(10) becomes  

  

                                                                                              

 

                                      (15) 

 

BENDING MOMENTS FOR POINT LOAD ON THE PLATE: 

For the case of a point load as shown in Fig.1 which is of interest for the generation of the influence 

surfaces, the coordinates ζ and η refer to the position of the point load, while those x and y refer to 

the position of the observation point and the  value of  Em from Eq.(10) becomes : 

 

 

 

 

   

 

Noting that                                         and by letting P=1, the above equation ggiivveess  tthhee  ddiimmeennssiioonnlleessss  

vvaalluuee  ooff    EEmm  

                                                                    

(16) 

                                                                                       

 

Thus , the dimensionless bending moments mx and my become: 
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GENERATION OF INFLUENCE SURFACES: 

       All influence surfaces were generated by applying the unit load to numerous points of the plate 

and evaluating the particular effect of moment produced at the observation point. The development 

of the influence surfaces is achieved by using a computer program written in this work in 

FORTRAN language and a program (Surfer) for plotting the contour-lines. 

To show the validity of the developed solution and the written computer program, a comparison 

with available solutions is made. The case of a square plate (a/b=1.0) having a Poisson’s ratio equal 

to zero with the observation point at the center of the plate, has been chosen as the corresponding 

influence surface is available by Pucher (1973). 

Figure 4 shows that the contour lines obtained from the computer program are in excellent 

agreement with Pucher’s solution. 

To check the validity of the computer program dealing with the bending moment evaluation, the 

cases of rectangular plates with a/b= 0.5, 1.0,1.1, 1.2, 1.3, 1.4, 1.5 and 2.0 subjected to uniform load 

over the whole plate and having a Poisson’s ratio of 0.3 have been chosen. This is due to the fact 

that data for the bending moment at the center of built-in edge are available by Timoshenko and 

Woinowsky-Krieger (1989). Figure 5 shows that the results of the bending moment my at the 

center of the built-in edge are in excellent agreement with those obtained by Timoshenko and 

Woinowsky-Krieger (1989). 
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Fig.4 Comparison between the influence surface for mx obtained from 

computer program with Pucher’s (1973) solution for the center of a square 

plate having zero Poisson’s ratio. 
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Figures 7 to 13 present  influence surfaces for rectangular plates simply supported at three edges 

and built-in at the four edge with aspect ratio a/b equal to 0.6, 1.0 , 1.4 and 2.0 respectively. 
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Fig.7 influence surface for mx and my at the center of a rectangular 

plate (a/b=0.6) for Poisson’s ratio of 0.2. 
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Fig.8 influence surface for my at the center of built-in edge of a rectangular 

plate (a/b=0.6 and a/b=1.0) for Poisson’s ratio of 0.2. 
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Fig.9 influence surface for mx and my at the center of a rectangular 

plate (a/b=1.0) for Poisson’s ratio of 0.2. 
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Fig.12 influence surface for my at the center of built-in edge of a 

rectangular plate (a/b=1.4 and 2.0) for Poisson’s ratio of 0.2. 
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Fig.13 influence surface for mx and my at the center of a 

rectangular plate (a/b=2.0) for Poisson’s ratio of 0.2. 
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It is observed from figure 9 that for the case of square plates the influence surfaces for both mx and 

my are represented by positive contour lines only. The influence surfaces for mx at the center of the 

rectangular plates for aspect ratio of 1.4 and 2.0, are represented by negative and Positive contour 

lines while those for my are represented by positive contour lines as shown in figures 11 to 12. 

For rectangular plates with aspect ratio smaller than 1.0, such as 0.6, the influence surfaces for both 

the mx and my at the center of the plate are represented by positive contour lines as shown in figure 

7. All influence surfaces for bending moment my at the center of built-in edge for rectangular plates 

having aspect ratio ranging from 0.6 to 2.0, are represented by negative contour lines as shown in 

figures 7-10-13.  

For partial loading, there is a possibility for negative bending moment mx at the center of the plate 

which increases as the aspect ratio increases. 

 

APPLICATIONS: 

To show how the influence surfaces can be used not only for concentrated loads but also for line 

and strip loads, the following applications are presented. 

EVALUATION OF THE BENDING MOMENT MX DUE TO A LINE LOAD: 

For the case of a rectangular plate simply supported at three edges and built-in at the fourth edge 

with aspect ratio a/b=1.4 and a Poisson’s ratio of 0.2 subjected to a line load extending in the x-

direction as shown in Figure 14, the evaluation of the bending moment Mx at the center of the plate 

can be achieved by using the corresponding influence surface as follows: 

 

 

 

Fig.14  influence surface for mx of a rectangular plate having an 

aspect ratio of 1.4 and a Poisson’s ratio of 0.2 subjected to a line 

load extending in the x-direction at η=0.7b. 
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According to Pucher(1973), the bending moment Mx produced at the observation point (x, y) due 

to a line load can be calculated from this formula 

                                                                                                                                                   (19)                

 

 where 

 x and y= coordinates of the observation point. 

 p(s) is the line load intensity. 

 Χ (x, y) are the influence values of the bending moment corresponding to applied  line load. 

The integration in Eq.(19) represents the area integral of the influence values over the loaded line 

which can be computed by using the Simpson’s rule (Saffand Snider, 2000) as follows 

                                                                                                

                                                                                                                                                   (20)                

 

where 

h=b-a/2n  is the distance between any two points of the partition. 

f(x0),f(x1),f(x2),…..f(x2n) are the functions of defined integral at the points x0, x1, x2, ………..x2n 

respectively. 

2n=the number of equal parts of divided interval (a, b). 

Because the influence surface for mx is symmetric about the y-direction through the center of the 

plate as shown in Figure (14), only one half of the corresponding influence values for mx are 

represented in Figure.(15). 

The ordinates of the influence surface for mx in Figure (14) are dimensionless, therefore the area in 

Figure.(15) is obtained as a dimensionless quantity by applying the Simpson’s rule on the influence 

values of mx . 

Note that in Figure.(15), the influence values corresponding to line load are obtained from the 

influence surface at the interval of Δ(x/a)=0.05. 

This area becomes F=0.152 and the dimensionless bending moment mx can be computed as follows: 

mx=2*F*multiplication factor=2*0.152*(1/8π)=0.012 

According to Eq.(11) the bending moment Mx at the plate center evaluated by using the influence 

surface becomes 

 

                                                                                                                                                   (21)                
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The bending moment Mx at the plate center was calculated also using the computer program (EBM) 

which gave 

 

                                                                                                                                                   (22)                

 

 

  

 

 

 

 

 

 

 

 

 

 

 

The small difference in the results is due to the interpolation of mx resulting from the influence 

surface at the chosen interval. 

EVALUATION OF THE BENDING MOMENT MY DUE TO A STRIP LOAD: 

For the case of a rectangular plate simply supported at three edges and built-in at the fourth edge 

with aspect ratio a/b=1.4 and a Poisson’s ratio of 0.2 subjected to a strip load extending in the y-

direction at a distance of ζ=0.8a in the x-direction as shown in Fig.(16) , the evaluation of the 

bending moment My at the center of the plate can be achieved by using the corresponding influence 

surface shown in Fig.(17) 

According to Pucher(1973), the bending moment My produced at the observation point (x, y) due 

to a distributed load can be calculated from this formula 

 

 

                                                                                                                                                   (23)                

Fig.(15) variation of the bending moment mx at the center of a rectangular plate 

with a/b=1.4 and a Poisson’s ratio of 0.2 corresponding to a line load extending in 

the x-direction at a distance η=0.7b in the y-direction. 
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Where 

  Χ (x, y;ξ ,η ) are the influence values of the bending moment corresponding to the applied 

distributed load. 

p(ζ, η) is the distributed load. 

To evaluate the double integral of this formula, a strip load is plotted into the influence surface for 

my and the area under this load is divided into five sections perpendicular to the x-direction of the 

plate as shown in Figure (17). 

The evaluation of the individual areas is made by plotting the shape of the different sections 

separately as shown in Figure (18). Note that a uniform interval Δ(y/b)=0.05 was used and the 

corresponding my - values were interpolated from the corresponding influence surface. 

 

Fig.(16)  rectangular plate with aspect ratio of 1.4 and 

having a Poisson’s ratio of 0.2 subjected to a strip load 

in the y-direction. 
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Thus, the individual areas are computed by using Simpson’s rule as discussed before and the 

following results are obtained 

FI=0.541, FII =0.431, FIII =0. 348, FIV =0.301, FV =0.22 

The spacing between the individual sections Δ(u/a)=0.05 and the multiplication factor is 1/8π. Thus, 

using Simpson’s one third rule again, the dimensionless bending moment my becomes 

my = 1/3*0.05*(1/8π)* FI + 4FII + 2FIII +4FIV +FV =0.003 

According to Eq.(12) the bending moment My at the plate center becomes 

 

                                                                                                                                                   (24)                

The bending moment Mx at the plate center was evaluated also using the computer program (EBM) 

which gave 

 

                                                                                                                                                   (25)                

 

 

 

 

 

Fig.(17) influence surface for my at the center of a rectangular 

plate (a/b=1.4) for Poisson’s ratio of 0.2 subjected to a strip load 

in the y-direction. 
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This result is in excellent agreement with that obtained using the influence chart. It can be 

concluded from these applications that for practical purposes, the use of influence surfaces to 

evaluate the bending moments due to various cases of loading provides very satisfactory results 

which are in excellent agreement with those obtained using the computer program (EBM).To 

achieve higher accuracy with saving in time , the computer program (EBM) written in this work is 

strongly recommended. 

 

CONCLUSIONS: 

 There is good agreement between the developed analytical solution with that presented by 

Timoshenko and Woinowsky-Krieger (1989) for the case of a rectangular plate with 

aspect ratio a/b=1.2 and Poisson’s ratio equal to 0.2 under the effect of  uniform strip load. 

 There is good agreement between the developed influence surface in this work with those 

presented by Pucher (1973) for the case of a square plate (a/b=1.0) having a Poisson’s ratio 

equal to zero with the observation point at the center of the plate.  

Fig.(18) the distribution of the bending moment my at the center of a 

rectangular plate with aspect ratio a/b=1.4 and a Poisson’s ratio of 0.2 

corresponding to a strip load extending in the y-direction and having ζ=0.8a 
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 The negative regions of influence surfaces for bending moment mx at the center of the plate 

increase as the aspect ratio increases while those for my decrease with increasing aspect ratio.  
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NOTATIONS 

 

Symbol Definition 

a Length of the built-in edge 

amn Coefficients of a double Fourier sine expansion of  any kind of loading q(x, y) 

b The dimension of the plate perpendicular to built-in edge 

D Flexural rigidity of the plate  

E Modulus of elasticity 

Em Coefficient of a single sine Fourier series of distributed moment My at the built-in 

edge 

h Plate thickness 

m and n  Integers 1,2,3,…….. of the double Fourier series 

Mx Bending moment per unit length acting on the edges parallel to the y-axis 

My Bending moment per unit length acting on the edges parallel to the x-axis 

Mxy , Myx Twisting moment per unit length of sections perpendicular to the x and y axes 

respectively 

mx  and my Dimensionless bending moments 

p Concentrated load 

q Lateral load (load per unit area) 

q0 Intensity of the uniformly distributed load 

u and v The sides of the rectangular loaded area parallel to the x and y- axes respectively 

w(x, y) Deflection surface 

x and y Cartesian coordinates of the observation point 

η y-coordinate of the centroid  of the load 

υ Poisson’s ratio 

ζ x-coordinate of the centroid  of the load 

 



Journal of Engineering Volume 16 June  2010       Number   2 
 

 

 

 2244 

 

 

 

 

 

 

 

IMPLEMENTATION OF R-TECHNIQUE IN PRODUCTION 

PLANNING AND CONTROL 
 

 

  Dr. Zuhair Issa Ahmed                                                                              Eng. Fadhil  Nassrallah  Mahan 

 

  

 

 

 

ABSTRACT 
The planning engineering is considered a vital part in the industrial operations series that 

leads to achieve the proposed production plan.  Because of scientific advancement and technical 

development in the industrial field, the managements of the companies and job shops start to 

automate the engineering and management activities for the aim of quickness and accuracy in 

making proper decisions for the production process in order to get final product in a better quality 

and minimum cost.  This is achieved by the future estimation of production plan. The research 

concern with evaluating the size of work arrival to the manufacturing shops and determining the 

amount of capacity that is required to perform these evaluated job volume in a manner that warrant 

decreasing the cost of orders and machines waiting. To achieve this aim, a constructation of 

simulation system by  using Visual Basic computer program that helps the user in future estimation 

of job volume and determination of the best process capacity of the job shop which through it the 

job can be accomplished.    Actual and realistic data that are collected from the documents of 

Electrical Industrial Company (EICO) factories is in random orders arriving to factories in one man-

day and also the actual time to perform number of these orders.  Through the designed software 

which is used as a tool for simulating of the target production system in this research,  the best 

simulation daily process capacity was obtained for the job shop to be 130 hr per day where as, it 

achieved the minimum value of the total cost. There is a great effect for this increment of job shop 

daily process capacity in decrement of waiting of orders and this lead to optimal exploitation for 

these presented capacities.  To verify simulation  results and obtain the optimum selection for these 

results, the researcher used a modern technique called R-Technique or Response Surface 

Methodology (RSM), which the desirability function which is used as a dual-purpose standard to 

obtain the optimum value of job shop process capacity. 

لخلاصةا  
انحاٙ جاي ٘ إناٗ جح ٛاخ انخطاة ايَحتلٛاة انًييهاة , إٌ ُْدسة انحخطٛظ جتحبس انجصء انحٕٛ٘ فٙ سهسهة انتًهٛاتت انناُتةٛة

ٔبسبب انح دو انتهًٙ ٔانحطٕز انحكُٕنٕلٙ فٙ انًجتل اننُتةٙ أخرت إ ازات انشسكتت ٔانًتتيم ٔانٕزش بأجًحاة سهساهة اناتتنٛاتت 

نسسةة ٔاندقة فٙ اجختذ ان سازات اننحٛحة نهتًهٛاة الاَحتلٛاّ ياٍ الام انٕإإل إناٗ يُاح  َٓات ٙ بأقام انُٓدسٛة ٔالا ازّٚ نغسض ا

ٚٓحى انبحث بح ادٚس ججاى انتًام انٕاإام إناٗ أنٕزتاّ ٔ جحدٚاد ي اداز .  كهاّ ٔٚأجٙ ْرا يٍ خلال انحخًٍٛ انًسح بهٙ نهخطة ايَحتلٛة

اإم إنٗ انٕزتة بشكم ٚضًٍ ج هٛم كهف كلا ياٍ كهااّ اَحراتز انطهباتت ٔ انًكات ٍ انطتقة الاَحتلّٛ انًطهٕبة يَجتش ججى انتًم انٕ

ٚساتةد انًساحخدو فاٙ انحُباي انًساح بهٙ ( نغاة اناٛجإال بٛسا )ٔنحح ٛخ ْرا انٓدف قتو انبتجث ببُتء َراتو يحتكاتب بتساحخداو انحتسإ 

جاى لًاب بٛتَاتت ٔاقتٛاة ٔ فتهٛاة ياٍ ساجلات يتتيام , تًمنحجى انتًم ٔجحدٚد أفضم طتقّ إَحتلّٛ نهٕزتة ًٚكٍ يٍ خلانٓت إَجتش ان

انشسكة انتتية نهنُتةتت انكٓسبت ٛة ْٔرِ انبٛتَتت جخا  ةاد  انطهباتت انتشإا ٛة انٕاإاهة نٓارِ انًتتيام فاٙ انٛإو انٕاجاد ٔكارن  
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هة نًحتكاتب انُراتو ايَحاتلٙ ٔيٍ خلال انُرتو أنحتسإبٙ انًناًى ٔانار٘ اساحخدو كٕساٛ. ,انصيٍ اناتهٙ يَجتش ةد  يٍ ْرِ انطهبتت

ستةة فٙ انٕٛو ٔانحاٙ ج  اث أقام قًٛاّ نهكهااة  041انًسحٓدف بتنبحث ف د جى انحنٕل ةهٗ أفضم طتقّ إَحتلّٛ ٕٚيّٛ نهٕزتة ْٔٙ 

نااٗ إٌ نٓاارِ انصٚاات ب فااٙ انطتقااة الاَحتلٛااّ انٕٛيٛااة نهٕزتااة اقلااس انًٓااى فااٙ ج هٛاام ٔقااث الاَحرااتز انطهبااتت بحٛااث أ ٖ ذناا  إ. انكهٛااة

ّ الاسحغلال الايثم نٓرِ انطتقتت انًحصاٚدب ٔنهحأكد يٍ انُحت   أةلاِ ٔانحنٕل ةهٗ الاَحخت  الايثم نٓرِ انُحت  ، اسحخدو انبتجث ج ُٛ

جدٚثّ جتسف بًُٓجٛة الاسحجتبة أنسطحّٛ ٔانحٙ اسحخديث فٛٓت  اناّ انًسوٕبٛاة كًتٛاتز لُات ٙ انٓادف نهحنإل ةهاٗ ان ًٛاة انًثهاٙ 

 .حتلٛة انًحتجة نهٕزتةنهطتقة ايَ

 

KEYWORDS: Production Planning, Scheduling, Simulation, Optimization, Response Surface 

Methodology (RSM), R- Technique 

 

CONTEXT AND MOTIVATIONS 

Production planning is fundamental to the operation of a manufacturing enterprise. The basic 

problem is to determine the type and quantity of the products to produce, to meet uncertain demand 

in the future time periods (Venkateswaran et al., 2004). Operations planning and control systems 

cover three stages: planning, scheduling and execution (Volkmann et al., 1997). The planning 

stage is concerned with balancing supply with demand. It includes demand management, resource 

planning and master scheduling. The scheduling stage produces more detailed plans for material 

and capacity requirements. Finally, in the execution stage orders are dispatched and fulfilled using 

the materials and resources that were allocated in earlier stages. In the classification of  (Sheer 

1994), scheduling is concerned with sequencing orders that have already been released for 

production and with deciding exactly when and on which machines jobs should be processed. The 

primary goals of scheduling are to avoid late job completion, minimize flow times and to maximize 

resource utilization (Vollmann et al., 1997). The job shop scheduling problem is the problem of 

finding a way to schedule a number of operations, such that the last operation is completed as soon 

as possible. Here an operation is a task that must be executed on a resource, called the machine 

(Lennartz,1999).In job shop scheduling, any job can be processed on any machine in an order that is 

predetermined but can be different for each job (Lehtonen et al., 2003). 

 

SIMULATION IN PRODUCTION SCHEDULING 

Simulation is emerging as a part of decision support systems for production scheduling. It provides 

an alternative when optimization approaches are too heavy and simple approaches such as priority 

rules are insufficient. Classical optimization techniques use an appropriate mathematical description 

of the scheduling problem that is minimized through the application of an algorithm (Sellers, 1996). 

The simulation approach provides a great level of detail without being computationally too heavy. 

A schedule is created by simply simulating the execution of the factory and taking the recorded 

execution history as the schedule (Smith, 1992). The result will be a feasible schedule if all the 

relevant constraints are included, which is easy as a simulation model can include a large number of 

details. However, the simulation model does not necessarily come up with the best schedule, 

although it will be a feasible one.( Roy and Meikle 1995) recommend discrete event simulation for 

estimating the operative performance of proposed schedules that are generated using other methods. 

As a part of a decision support system, simulation provides a way to get detailed information about 

the consequences of scheduling decisions, regardless of whether they are based on manual or 

optimization-based schedule generation. (Lehtonen et al., 2003). 
 

 

OPTIMIZATION 

Optimization means finding the specific certain set of inputs to a function, such that any change to 

any of the inputs will result in a less desirable function output. Optimization approaches are 

generally thought of as either analytical/mathematical or direct/empirical. Regardless of the 

specifics, in an optimization routine in the most general sense is a procedure that, when applied to a 

model, will result in the determination of the best model as defined by the fitness of an objective 
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function. Most problems are solved by matching a modeling approach with an optimization, or 

solving approach. Simulation is a specific computer based modeling approach which uses a chain of 

cause and effect relationships to help the user build complex models from the ground up, one link at 

a time. On the other hand, optimization often requires a simplistic modeling approach in order to 

have a model that can be completely optimized (Hicks, 1999). In this paper we present an 

optimization approach to a real-world production planning problem. Response Surfaces 

Methodology was derived by evaluating the system at several points using computer simulation. 

The results were then used to depict them graphically. 
 

 

 

 

CHARACTERISTICS OF PRODUCTION SYSTEM 

One of the Electrical Industrial Company (EICO) factories, is the Tools and Molds Factory. It is one 

of the major factories in the company. This factory produces several kinds of dies, tools, and 

fixtures which are used by the company; also making the required maintenance for these dies and 

tools, which may be damaged during the production operations. This factory contains the machines, 

as stated in Table (1). 

 

Table (1): Machines of tools and molds factory. 

Serial number Quantity Type of machine No. 

M (I – 8) 8 Milling 1 

T  (9 –16) 8 Turning 2 

G (17-24) 8 Grinding 3 

D (25-28) 4 Drilling 4 

S(29-30) 2 Shapers 5 

C (31-33) 3 Cutting 6 

F(34-37) 4 Furnaces 7 

P(38-39) 2 pressing 8 

A(40-42) 3 Assembly bench 9 

 

 

Assessment of Factory Capacity 
The capacity of work for factory is represent by the number of machine in the tools & molds factory 

and the Spare parts factory.  They are (57) machines, but they do not works completely daily, 

because of failures that occurs from the work and maintenance, and also because of broken 

machines which can not be repaired. Therefore the about number of working machines are (40) with 

(5) hours running per day are calculated using: 
 

                    aC  =   rhM  .  .. ………………………………………………………. hr/day (1) 

 Where:  

aC : Process Capacity, M : Number of machine, rh : Number of activity hours. 

 

Type of Order Arrivals  

Orders arrive to the shop randomly between increasing or decreasing in the number and type and 

depend on customer needs and as shown in the Fig. (1). 
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Fig. (1): A random Order Pattern. 

 

 

 

EXPERIMENTAL STUDY 
Refereeing to the production planning in EICO, the establishment depends in programming of there 

random requirements and forecasting upon the experience of the technicians without making use of 

computers and updated software, a computer program is designed to be used in future calculation  

of the orders which arrive to the factories and at any period. In this section a description for the 

procedure for random orders arrivals approach is developed depending on a data base system, 

absolute records and other simulations method technique.  Each order entails a certain number of 

machine hours, analysis of past records which are summarized in Table (2). 

 

Table (2): Orders Data. 

Number of order Days frequency Sum. of orders 

1 9 9 

2 14 28 

3 18 54 

4 25 100 

5 20 100 

6 13 78 

7 8 56 

8 2 16 

Total  109 441 

 

Collection of Data 

The collected data shown in Table (2) from past records of the plant are random orders arrived to 

the job shop and were performed to determine the kind of the distribution which presents the shown 

in the above table.  The histogram must be drown as shown in the following steps: 

                                      R = xl - Sx                                                                              (2) 

Where:   

              R: The range of orders   

              xl: Upper of limit  

             Sx : Lower of limit    
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In our case study Sx = 0, 1x =8. 

 
H = R / K                                                                                                    (3)   

 
Where: H: Ranking of period ,  K: Number of ranking , in the case study K=7.  

  For calculation the relative frequency use the equation below:  

  

                            RF =( .OA N/F ) ×100                                                                                     (4)   

 Where: 

RF  = Relative Frequency.  

AF = Absolute Frequency. 

.ON = Number of Data. 

   
Data Analysis 
From the continuation of the method for random orders arrival and the nature of the work in the 

associated factories, it was established that the arrival of random orders follows normal distribution 

as shown in the steps of the sketch of the histogram , that is the facts of manufacturing world show 

that a lot of changes take the curve trend of normal distribution. Therefore the normal distribution 

curve describes the changes of manufacturing which can be calculated from the following relation:   

                      f (z) = [(1 / (2п)½] × e
2

50 z.                                                                                   (5) 

 
Where:  

f (z): Function of normal distribution curve where: 

e: 2.7182 ,  п : 3.1415 

z::  random variable.  

The form of normal distribution curve is depending upon the values of the arithmetic mean (µ) and 

standard deviation (σ). 

                            µ = 
N

x
                                                                                                                (6) 

where 

 x= Orders number  

N = Number of data points  

 

                        σ =
1

2




N

)x( 
                                                                                                 (7) 

 

The value of µ & σ in this research are 4&2 from Table (2) respectively.  To calculate (the 

arithmetic mean) µ and (standard deviation) σ, it must draw a normal distribution curve taking into 

consideration the limit of x, i.e. - ∞ < x < + ∞. The assumption of normality is standard in the 

assumption of a shifted distribution does to some extent mitigate the effects of that assumption.  

Fig. (2) shows geometrically the relationship of the shifts to the long term fraction of conforming 

units 
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. 

  

 

 

 

 

 

 

 

 

 

Fig. (2): Quantities Used to Calculate the Proposed Distribution Function. 

 

From the Table (2) the maximum number of orders is (8) and the minimum number of orders is (1) 

/ day.  To represent the limits of order on the normal distribution curve, the ranges (-2σ, 2σ) is 

selected as shown in the following equation:  

                         n = (x - µ) / σ                                                                                                           (8)   

 Where: 

 n =Limit of Range 

1= At x=0, n = 
2

40
            n =-2 

2- At x=8, n = 
2

48
              n =2 

The Simulation Model 

After collecting the required data which are concerned with flows, processes and the times of each 

single operation, the mathematical models are constructed so as to achieve results by using 

simulation technique as follow:  

1- A mathematical model is used to the estimate the number of daily random orders arriving to the 

job shop as follow:  

                               z = (x - µ) / σ                                                                                                    (9)   

  

Substituting the value of z with limits (-2σ, 2σ) using the represented mathematical model equation:  

                             x = µ + random number (σ)                                                                                (10)  

  

Then the value of (x) is calculated by using one digit from a generated random numbers from the 

designed system. Where:  

            x: number of estimated daily random orders arrivals.   

2- Other mathematical model is used to estimate lead time to finish the orders which arrived to the 

job shop in the previous mathematical model. This model depends upon on available data recorded 

in the establishment for the same job shop. For that task a number of orders is tabulated and using 

the data of this table(table 2) in (x- y) chart.  A curve which represents the 2
nd

 mathematical model 

was established. By using two digits from a generated random numbers from the designed system 

which represent percentage accumulative frequency and by intersection of these numbers on the 

curve. The estimated time for each estimated random order arrived to the job shop can be 

calculated. All these data is arranged and interred to the computer system Automated Scheduling 

System (ASS) in order to get accurate results.  
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The Industrial Case Study 

The proposed case study was elaborated at the workshop of the tools and molds factory and spare 

parts factory that produces mechanical products by using machining and welding resources, 

assembly and inspection stations and some highly specialized machines. The goals of the 

implemented simulation model are: maxim utilization of one type of available recourses (Available 

Daily Machine Capacity) and minimizing the inherent cost matched within the context.  Execution 

within the discrete, event-driven simulation module beside the component that allows an interactive 

simulation, the simulator provides another interface to the optimization module. The second part of 

the research is the functional relationship between various factors which have been investigated in 

order to improve production capacity as well as to investigate a better planning process. Such part 

was implemented via Response Surface Methodology (R- Technique) by using a quadratic model 

for a Central Composite Design (CCD). 

  

Experimental Assumptions 
The following assumptions are depended in order to facilitate the calculation of the actual time of 

work requirements in the job shop as mentioned below:  

1- The daily actual time work for the job shop is (5) hours.       

2- Processing times are modeled by independent random variables. 

3-Setup times and removal times are included in processing times. 

3- Transportation times are negligible. 

4- Worker rest time not consider.   

5- Machines break down un suppose. 

6- Availability of skilled employee.    

7- Availability of tools and production requirements operations.   

8- A suitable workshop environments. 

9- Friday is considered as a working day. 

 

Independent Variables          

The main effective factors of the production operation are the availability of production capacity 

( aC ) which depend upon the number of working machines.  Shop capacity can be calculated as 

follow:   

                        aC = M × hr                                                                                                        (11) 

Where: : aC  Daily capacity, M: Number of machine,  hr:  Number of activity hours  

           
  Dependent Variable 

There are some dependent variables that appear when the system is working such as:  

1- Average daily machine running time:  

                     aR =

d

n

i

w

Mh
1

                                                                                            (12) 

Where: aR  : Average daily machine running time, Mh : machine hours, dW : Working days. 

2- Idle time: or machine waiting time, it appears in the production operation and is affected on the 

production capacity and can be calculated:   

                          dI = aC  -  aR                                                                                                       (13) 
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Where dI : Idle time   

3- Average daily order waiting time:  

                         dwO  = 

 

d

n

i
a

w

CMh



1                                                                                          (14) 

4-Cost of idle time:    

                          
it

C =  dI × hiC                                                                                                     (15)   

Where hiC : cost per hour  of idle time.   

5- Cost of waiting orders:  

                         owC = dwO × hwC                                                                                                   (16) 

            hwC : cost per hour for order waiting. 

6-Total cost:   

                      tC = owC + itC                                                                                                          (17) 

tC , the total cost represented as a sum of owC  and itC  must be small value and it's useful to 

identify the best capacity aC . 

 

ARCHITECTURE OF THE SHOP-LEVEL PRODUCTION SCHEDULER 

The deterministic job shop scheduling problem consists in finding a production capacity which 

minimizes a criterion. In order to solve this performance evaluation problem, two techniques are 

proposed: discrete event simulation and optimization technique based on Response Surface 

Methodology (R-Technique). While discrete event simulation is an extremely accurate modeling 

approach, capable of predicting system performance, model optimization improved output analysis 

of the simulation technique. Due to the complex requirements of the production simulation, in-

house software in Visual Basic with a Microsoft Excel front-end is developed. The simulation 

model of the case-study implements dual frame architecture (Simulation & Optimization frames). 

Simulation is responsible for the data preparation, model creation, initialization and evaluation. The 

components of the system are created into the model frame in Fig. (3). The object-oriented 

hierarchical simulation module of the proposed planning system is based on the functional 

decomposition approach. The simulation includes the modeled elements of the case study and is 

created following the simulation modeling process as described in book record data for the 

workshop. Automated Scheduling System (ASS) using visual basic 6 in designing the system main 

windows in addition to computation of arithmetic operations. The system ability to define the best 

process capacity for the workshop via determining the lowest cost through a real and continuo 

interactions between system components which are mainly constructed from the following: 

A- User interface.   

B- Data base. 

C- Estimation number of orders arrival model.  

D- Estimation machine hour's model.  

E- Scheduling evaluation.  

F- Capacity simulation.  

G- Applying R-Technique (Response Surface Methodology) (RSM).  
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Simplified details for the main system components can be shown in Fig. (3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Automated Scheduling System 
At the program start to apply the designed system a preliminary window will appear to illustrate the 

system name Automated Scheduling System(ASS).  ASS is an organized system to estimate the 

number of orders, machine hours, and selection of optimal capacity to assist decision makers at 

workshop level. it consist of:   

 Number of orders estimating module.  

 Machine hour's estimation module. 

 Scheduling evaluation module. 

 Capacity simulation module. 

 

ASS Context 

The main characteristics of ASS approach, with respect to the other software, are respectively: 

 Accurate and rapid computation of the arithmetic operations.   

 The ability of the system to estimate any time period that is defined by the planner to the 

production operations  

 The capability of the system estimate the data distribution types.  

 The main logical steps that are performed is illustrated in figure (3). 

 

 

Fig. (3): Architecture and the main process flow in the Shop-level 

Production Scheduler.*: the same data, **: software package. 
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  SOLUTION REPRESENTATION 
 

Preliminary Industrial Application 

Using the result simulation system (ASS) for the current  production capacity in the workshop, 

indicate that trade-offs between expected production cost and maximize available resource 

utilization under demand uncertainty is un justice. A review for current state of the daily capacity 

process in workshop through investigation by (ASS) system forecast  the results shown in Table 

(3).  
According to that data, distinction needs to be made between the available daily capacity process 

and total cost associated with maximum utilization for that  resource. The fitness is generated by 

increasing the level which allows to confirm to the objective. 

 

Table(3): Simulation results for current daily process level in workshop. 

Daily Capacity 

M/c.hr) ) 

Average Daily 

Machine 
Running 

M/c.hr) ) 

Average Daily 

Machine  Idle 
Time 

M/c.hr) ) 

Average Daily 

Orders  Waiting 
Time 

M/c.hr) ) 

Idle Time Cost 

(ID) 

Orders  Waiting 

Cost 
(ID) 

Total Cost 

(ID) 

100 91.53 8.47 141.79 42.35 283.58 325.43 

 

 

Improvement by Job Shop Production Scheduler (ASS) 

For 75 work days in workshop, the proposed system evaluated  that the optimum capacity lies at 

130 machine hours. This value of daily process capacity ensure the performance criteria , maximize 

utilizing accomplished with minimum cost. The Table (4) and Fig. (5) and (6) indicated that result. 

This level of process capacity considered as aggregate solution and will be refining in next step by 

the technique optimization Response Surface Methodology (R-technique). 

 

Table (4):  The Results (based on a period of 75 days). 

 
 

It can be noted from these results that when as assumption of values of daily process capacity, 

values of average daily machine running appear to be in continuous increment with every increment 

of the assumption of daily process capacity; i.e. the relation between them is proportional.  After 

that the system calculate the values of machine waiting time (Idle time) which also appear to be in 



Journal of Engineering Volume 16 June  2010       Number   2 
 

 

 

 2244 

continuous increment with any increment of the daily process capacity. Then the values of average 

daily order waiting time appears in Table (4) and it is in continuous decrement with every 

increment in the assumption of the values of daily process capacity, then the columns of the cost as 

shown in the same table.  These columns illustrate the cost of idle time which appears to be in 

continuous increment because the idle time is already in continuous increment. The cost of order 

waiting time is always in decrement situation according to the decrement of the values of average 

daily order waiting time.  After that the system sketches these results as a curves as shown in 

Fig.(4). The same figures and tables show that the optimum capacity lies at 130 machine hours. 

This level of process capacity is considered as aggregate solution and will be refining in next step 

by technique optimization Response Surface Methodology (R-technique). 

 

 
Fig. (4): Effect OF Altering the Plant Capacity. 

 

 

Fig. (5): Effect of Plant Capacity on Average Penalty Costs per Day. 
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After applying the daily process capacity which determined by ASS system in workshop, the queue 

of waiting order decreases as shown Fig. (6). 

 

 

 
Fig. (6): Queue of Waiting Orders (measured in Machine Hours) when Capacity is 130hours).   

 
Applying Optimization RSM Techniques to Refine the Design Solution 

The objective of the proposed simulation-based optimization is to arrive at the closest to optimal 

solution alternative (in terms of a set of Daily Capacity value as a design parameters and a set of 

Total cost as a system performance metrics) at which the overall machine capacity utility score is 

maximized with minimum cost. 

 

 

Model Fitting 

Once the simulation results are acquitted, model fitting technique can be implemented to portray 

analytically the relations between input factor (Daily Capacity) and the output measures (Average 

Daily Machine Running, Average Daily Machine idle time, Average Daily Order Waiting time, Idle 

Time Cost, Order Waiting Cost, Total Cost). Due to the effect of one factor, Linear Fitting is 

performed with respect to all performance measures. Table (5) is obtained from the Statistical 

Discovery Software™ (JMP) version 5.0 which was used in this research for regression and 

graphical analyses of the data obtained for the Idle Time Cost model. This table contain model-

fitting measures, including coefficients of determination and the contribution of term to the model 

sum-of squares and the linear equations fitted by the method of least-squares for all output 

measures. This linear regression equation is obtained through the analysis of variance for the 

simulation results. Fitted values are as close as possible to observed values, namely, minimization 

of residuals or error of prediction. The required assumptions of uncorrelated error with mean zero 

and constant variance has to be carefully verified through residual analysis. Linear fit plot for the 

Idle Time Cost model presented in Fig (7).  

 

Table (5): Summary of linear fit analysis with respect to the Idle Time Cost. 

Analyses of Variance (ANOVA) 

Source Sum-of-squares DF Mean square R² F Ratio 
p-value Prob > 

F 

Model 2253.6562 2 448.461 0.99995 125.7436 < 0.0001 

Residual 0.1131 38 3.566 0.054561 - - 
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Cor Total 2253.7693 40 - - - - 

Parameter Estimates 

Term Estimate Std Error t Ratio Prob >  |t|  

Intercept -46.65721 3.216401 65.05 <.0001 

Daily Capacity 0.6254077 0.02464 -16.04 <.0001 

Expected Idle Time Cost = -46.65721 + 0.6254077 Daily Capacity 

 

 

 

 

 
  

Fig. (7): A Model Fitting plot for the Idle Time Cost. 

The statistical significance of the regression equations was checked by an F-test (ANOVA). The 

ANOVA results showed that the model of performance measures is appropriate. The models was 

lowly significant (p <.0001) with a satisfactory value of determination coefficient R²=0.999 for idle 

time cost, R²= 0.868 for Order waiting cost, R²= 0. 969 for total cost, indicating that 99 %, 86 %, 

and 96 % of the variability in the response could be explained by the expected model equations 

given above in Table (6). This indicated a good agreement between the experimental and predicted 

values for out put measures. 

Table (6): Regression equations for all performance measures. 

Performance Measure Expected Model Equation 

Idle Time Cost -46.65721 + 0.6254077 Daily Capacity 

Order Waiting Cost 104.59392 - 0.1973885 Daily Capacity 

Total Cost 58.289843 + 0.4293258 Daily Capacity 

Optimizing By RSM 

The factor in the design was studied at 41 values starting by 110 hours and the increment by one 

hour for each run end at 150 hours.  The minimum and maximum conditions for the performance 

measures is set with respect to their  requirements centrifuged at the best resources utility, and low 

cost.  
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Numerical Optimizing 

A- Performance Mesures Settings 
 

Table (7): Input settings of both the Input Factor (Daily Capacity)  and Performance Mesures 

Name Goal 
Lower 

Limit 

Upper 

Limit 

Lower 

Weight 

Upper 

Weight 
Importance 

Daily Capacity Is in Range 110 150 1 1 3 

Idle Time Cost Is in Range 23.58 48.58 1 1 3 

Orders  Waiting Cost Is target ≤ 74.76 74.76 83.6 1 1 3 

Total Cost Minimize  107.18 125.13 1 3 3 

 

B- Solutions for 41 Combinations of Categoric Factor Levels 
Table (8): 30 Solutions found for 41 Combinations of Categoric Factor Levels. 

Number 
Daily 

Capacity 
Idle Time Cost 

Orders  Waiting 

Cost 
Total Cost Desirability  

1 130 34.55 77.05 111.6 0.563 Selected 

2 129 33.95 77.55 111.5 0.547  
3 128 33.38 78.05 111.43 0.528  
4 118 27.68 80.75 108.43 0.510  
5 127 32.8 78.55 111.35 0.508  
6 126 32.2 79.05 111.25 0.488  
7 121 29.33 80.4 109.73 0.478  
8 114 25.58 81.6 107.18 0.476  
9 117 27.15 81.25 108.4 0.464  

10 125 31.63 79.55 111.18 0.464  
11 120 28.75 80.9 109.65 0.443  
12 124 31.05 80.05 111.1 0.438  
13 116 26.63 81.75 108.38 0.412  
14 123 30.45 80.55 111 0.410  
15 119 28.2 81.4 109.6 0.401  
16 122 29.88 81.05 110.93 0.378  
17 131 35.13 78.84 113.97 0.360  
18 115 26.1 82.25 108.35 0.353  
19 111 24.58 82.6 107.18 0.336  
20 112 24.58 82.6 107.18 0.336  
21 139 40.65 77.26 117.91 0.216  
22 140 41.35 76.76 118.11 0.215  
23 138 39.98 77.76 117.74 0.215  
24 137 39.28 78.26 117.54 0.214  
25 141 42.05 76.26 118.31 0.213  
26 136 38.58 78.76 117.34 0.212  
27 142 42.75 75.76 118.51 0.211  
28 143 43.43 75.26 118.69 0.209  
29 135 37.88 79.26 117.14 0.208  
30 144 44.13 74.76 118.89 0.205  

 

Because the most important objective in  the case study -  workshop daily capacity machine level  

setting –closely related with total cost (Idle Time Cost &  Orders  Waiting Cost) , this fact take into 

consideration, the trade-offs between expected production cost and robust capacity planning.   
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Daily Capacity case = 20 
=112 

Treatments 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

Idle Time Cost = 34.55 ID / Day 

23.58 48.58 

Order Waiting Cost = 77.05 ID / Day 

74.76 

74.76 83.6 

Total Cost   = 111.6  ID / Day 

107.18 
125.13 

Desirability = 0.563 

Table (7) shows the input settings of both the input factor (daily process capacity) and performance 

mesures  that are used by optimization procedure. 
 

C- Optimum Solution 

The results of performance measures for 41 combinations of categoric factor levels to yield a 

desirable answer of input factor as shown in Table (8) which indicated that similar results were 

obtained for the optimum value founded in search region for performance mesures satisfied. The 

value found to be 130 hours with a predicted a desirability grade of 0. 563. However, these are 

based on restrictive assumptions about the Input settings of both the Input Factor (Daily process 

Capacity) and Performance mesures. Table (9) summarizes the values of performance mesures 

associated with prediction optimum value of input factor listed in table.  Therefore, it can be 

concluded that optimum daily process capacity level 130 hours as presented in Fig. (8) &Fig. (9). 

 

 

Table (9): The values of Output Measures with respect to prediction optimum value of Input 

Factor. 

Input Factor 

Name Low Level High Level Predicted Value 

Daily Capacity 110 Hours 150 Hours 130 Hours 

Out Put Measures 

Name Predicted Value 

Idle Time Cost 34.55 ID / Day 

Orders  Waiting Cost 77.05 ID / Day 

Total Cost    111.6 ID / Day 

                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8): Input Factor and Output Measures Values of the Best Solution   calculated     by 

RSM technique. 
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           Fig. (9): Desirability grade for prediction point of optimum daily capacity. 

 

These Fig. (8) &Fig. (9) reflects the role of  input factor (Daily Process Capacity) on the controlled 

responses and then the out put measures (the costs) and this defined medium optimizing by  one 

variable for determine the performance criteria , maximize utilizing accomplished with minimum 

cost. Further optimization for that variable to drawn at the desired value. Design Expert (Ver.7.0( 

was used in this investigation. 

Graphical Optimizing 

 As mentioned, desirable feature for response surface design of input factor (daily process capacity) 

demonstrated at center point (130 hours), this factor was selected as key parameter to maximize the 

utility resources. Fig. (10) and Fig (11) present two-dimensional contour plots for the daily process 

capacity with respect to responses and output measures. The shapes of the contour plots, indicate 

that the interactions between the corresponding responses are significant and also indicates that the 

effects of  input factor on responses & output measures on are significant. The optimum conditions 

inside the design boundary for daily process capacity were 130 hours. 

 

 
 

Fig. (10): A counter plot of the daily process capacity with responces average daily orders 

waiting time & average daily machine idle time in figure. 

Desirability 

  
Design Points 

X1 = Daily Capacity 

Daily Capacity 

Desirability 

110 114 117 120 123 126 129 132 135 138 141 144 147 150 

0.000 

0.250 

0.500 

0.750 

1.000 

Prediction 0.563 
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Fig. (11): A counter plot of the daily process capacity with output measures Orders Waiting 

Cost, and Total Cost . 

 

In an optimization routine in the most general sense is a procedure that, when applied to a model, 

will result in the determination of the best model as defined by the fitness of an objective function. 

The optimization objectives can be formulated as follows: (a) maxim utilization of one type of 

available recourses (Available Daily Machine Capacity) (b) Minimizing the inherent cost matched 

within the context. From Tables (8), and (9), Fig. (8),Fig. (9),Fig (10) and Fig. (11), it is evident 

that the input data for available daily machine capacity satisfies the optimization objectives in the 

case study is 130 hours. 

CONCLUSIONS 

The practical investigation indicates that performance of a scheduling system is not evaluated to 

satisfy a single objective but to obtain a trade-off schedule regarding multiple objectives, this study 

provide a quick and favorable schedule for the addressed scheduling problem with minimization of 

one performance measure an economic criterion, namely minimum total cost and maximization of 

technological criterion utilization of overall capacity processes. Important entity is modeled using 

state variable that change only is available daily capacity. The simulation model advances by 

executing specific procedures at these values of variable and terminates when all values have 

passed. It can be concluded that: 

1-In most cases, computerized tools enable an individual to simulate and evaluate a large number of 

design solutions with respect to multiple performance measures they overlook the effect of 

interactions among design factors that play significant role in the creating of best solution. RSM 

bridge these gaps by generating a set of alternative design solutions in systematic manner, and apply 

educated changes to configuration parameters. Such an approach enables to reach a satisfactory 

solution, with respect to both economical and technological measures, within limited number of 

examined solutions. 

2- The proposed methodology emphasized the advantages of combining computerized tools such as 

simulation model system, and statistical design approaches such as RSM. Capacity planning  is 

often  characterized by continuous metric factors, such as daily capacity available, labor number, 

workdays,…., and cost that are well suited to be input factors to RSM. 
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LIST OF ABBREVIATIONS  

 

 
LIST OF SYMBOLS                                         

  

  

DF Degrees of Freedom 

d i Individual Desirability Function 

Dk Multiple Objective Function 

F Value 
The Mean Square for the term divided by the Mean Square 

for the Residual 

PRESS The Predicted Residual Sum of Squares for the model 

P-value 
The Probability value that is associated with the  

 F Value for the model 

SD Standard Error  

 Mean arrival time (number of arrivals per unit of time) 

 Mean service rate per busy server (number of customers 

served per unit of time) 

Lq Average (expected) number of customers in the queue 

Ln 
Expected number of customers waiting in line excluding the 

time when the line is empty. 

 Utility factor 

aC Process Capacity……………………………………… hr/day 

M Number of machine 

rh Number of activity hours. 

R The range of orders   

ASS Automated  Scheduling  System  

CR Critical ratio 

EICO Electrical industrial company  

ANOVA Analysis of variance  

ITC Idle  time cost  

RSM Response surface methodology 
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xl Upper of limit 

Sx Lower of limit  

H Ranking of period  

RF Relative frequency 

K Number of ranking  

AF Absolute frequency  

.ON Number of data  

x Orders number 

µ Arithmetic mean  

σ Standard deviation 

f (z) Function of normal distribution curve 

z Random variable 

n Limit of range  

dI Idle time …………………………………………………..hr. 

aR Average daily machine running time ……………………..hr. 

d
W Working days  

Mh Machine hours……………………………………………..hr. 

dwO Average daily order waiting time………………………… hr. 

it
C Cost of idle time………………………………………ID/day  

hiC Cost per hour of idle time …………………………………ID 

owC Cost of orders waiting ………………………………..ID/day 

hwC Cost per hour for orders waiting…………………………..ID 

tC Total cost …………………………………………….ID/day 

M/C.H. Machine hours……………………………………………..hr. 

C.F Cumulative frequency 
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NUMERICAL STUDY OF TWO-DIMENSIONAL TRANSIENT 

NATURAL CONVECTION IN AN INCLINED SHALLOW POROUS 

CAVITY EXPOSED TO A CONSTANT HEAT FLUX 
 

                 Jasim  M. A. Al-lateef                                                 Ayad K. Hassan                     

              University of Technology                                              University of Diyala                                

                       Baghdad-Iraq                                         Diyala -Iraq                                         

                                                                                                                                         

 

 ABSTRACT 

Numerical models are used to solve the two-dimensional transient natural convection heat 

transfer problem in an inclined shallow porous cavity. A constant heat flux is applied for heating and 

cooling all opposing walls. Solutions for laminar case are obtained within Rayleigh number varied from 

20 to 500 and aspect ratio for porous cavity varied from 2 to 4. A finite difference method is used to 

obtain numerical solutions of full governing equations. Both vorticity and energy equation are solved 

using alternating direct implicit (ADI) method and stream function equation by successive over 

relaxation (SOR) method. The results are presented for the flow filed, temperature distributions, and 

average Nusselt number in terms of the Rayleigh number, aspect ratio, and the inclination angle of cavity. 

the convection becomes more and more vigorous as thr orientation angle of the cavity is increased and 

for high Rayligh number no steady unicellular flow could be maintained in side the cavity. The effect of 

inclination angle on Nasselt number is more pronounced as the Rayleigh number is increased. When the 

inclination angle increased the Nusselt number increased and sudden transition appears and flow 

becomes unicellular and Nusselt number increased clearly. The value of mean Nusselt number strong 

function with the value of Rayleigh number, aspect ratio and the orientation of porous cavity.      

 

 

 الخلاصة

ٍ خلال ذجىٌ ً الاتعاد تانذًم انذر نهذانح غٍر انًسرقرج ي ً يائمانطرق انعذدٌح اسرخذيد نذم يسانح اَرقال انذرارج ثُائ ً سطذ . ف يساي

ً ضًٍ رقى رانً ٌرراوح يٍ . ذى ذسهٍظ فٍض دراري ثاتد نرسخٍٍ وذثرٌذ انجذراٌ انًرقاتهح ٌ ضًٍ دانح انجرٌاٌ انطثاق انذم انعذدي كا

ٍ  تاعٍحوَسثح  02انى  42 كم يٍ  .ذى اسرخذاو طرٌقح انفروقاخ انًذذدج نهذصىل عهى انذم انعذدي نهًعادلاخ انذاكًح. 8انى  4ذرراوح ي

فىق  يعادنح انذوايٍح وانطاقح ذى دهها تاسرخذاو طرٌقح الاذجاِ انضًًُ  انًرُاوب و يعادنح دانح الاَسٍاب ذى دهها تاسرخذاو طرٌقح انرراخً

اٌ .فوزاوٌح يٍلاٌ انرجىٌ ثاعحذى ذًثٍم َرُائج انجرٌاٌ وذىزٌع درجاخ انذرارج ويعذلاخ رقى َسهد تذلانح رقى رانً وَسثح ان. انرعاقة

عُذ قٍى  رقى رانً انعانٍح لاًٌكٍ انذفاظ عهى جرٌاٌ .ٌصثخ كثٍر واكثر فعانٍح عُذ زٌادج زاوٌح انًٍلاٌ نهرجىٌف  اَرقال انذرارج تانذًم

 اٌ زٌادج زاوٌح انًٍلاٌ. اٌ ذاثٍر زاوٌح انًٍلاٌ عهى رقى َسهد ٌرضخ اكثر عُذ زٌادج رقى رانً. يسرقر وادادي انخهٍح داخم انرجىٌف 

اٌ قٍى رقى يعذل رقى َسهد . ٌسداد تىضىحا وانجرٌاٌ ٌصثخ ادادي انخهٍح ورقى َسهد ٌؤدي انى زٌادج رقى َسهد وٌضهر ذذىل يفاج

  .ذعرًذ تشكم كثٍر عهى رقى رانً وَسثح انثاعح وزاوٌح يٍلاٌ انرجىٌف انًسايً
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INTRODUCTION 

 

     Over the past years, natural convection heat transfer in cavities filled with a fluid-saturated, 

porous medium has several important geophysical and engineering applications. These include 

regenerative heat exchangers containing porous materials, high performance insulation for building and 

cold storage, solar power collection, underground spread of pollutants, and convection in the earth’s curt 

Buchberg et al. (1976), Seki et al. (1978). Another important area of application is heat transfer from the 

storage of agriculture products which generate heat transfer as a result of metabolism. Natural convection 

effects on heat transfer in a differentially heated rectangular porous cavity, with top and bottom walls 

insulated, is of fundamental interest in each of these areas. Several investigators [Seki et al.(1978), Chan 

et al. (1970) , Burns et al. (1976), Walker and Homsy (1978) , Bejan (1979) , Simpkins and Blythe (1980) 

and Prasad and Kulacki, (1984) have presented analytical and experimental results for the case when 

both the vertical walls are at constant temperature. Analytical work includes numerical solutions, 

boundary layer solutions, integral analyses, and series solutions. Based on the past studies, various 

correlations, covering a wide range of Rayleigh number and cavity height- to-width (aspect) ratios, have 

been presented for heat transfer coefficients Seki et al. (1978), Chan et al. (1970), Walker and. Homsy 

(1978), Weber(1975) and  Bories and  Combarnous (1973). 

The most previous theoretical publications deal with vertical Burns et al.(1976) and  Weber (1975) 

or horizontal Eldr (1974) case. For situations involving inclined layers, available studies are relatively 

limited. The problem of a sloped porous layer, heated isothermal from below has been considered 

theoretically and experimentally by Bories and Combarnous (1973). Depending on the value of slope of 

the layer and Rayleigh number, different shapes of free convection movements have been observed. 

Holst and Aziz (1972) considered temperature-dependent physical properties, investigated the 

heated transfer of a tilted square of porous material. More recently, the existence of multiple solutions, in 

a slightly inclined porous cavity heated from the below, has been studied numerically by Moya et al. 

(1981) and analytically by Caltagirone and Bories (1985) who determined their stability. It was 

demonstrated that for small angles of inclinations, three different real solutions may exist for a given 

Rayleigh number and aspect ratio. Vasseur et al. (1986), studied the effect of natural convection in an 

inclined, rectangular, porous layer when a constant heat flux is applied on two opposing walls, while the 

other two walls are maintained adiabatic. 

 Double–diffusion occurs in a wide range of scientific fields, such as oceanography, astrophysics, 

geology, biology and chemical processes; so, the author’s interest more and more for the heat and mass 

transfer developed in enclosures or cavities. About these case of fluid flows generated by combined 

temperature and concentration gradients, the studies of double-diffusive natural convection have 

centered chiefly their analyses on the limit cases of dominating thermal buoyancy force or concentration 

buoyancy force. The considered spaces are enclosures comprising a fluid completely occupied by porous 

medium Alavyoon (1993), Chamkha and Al-Naser (2001) and Bennacer et al (2001).  

  The problem of double-diffusive flow inside an inclined square cavity which is divided by a 

porous medium was studied numerically by Rahli and Bouhadef(2004).The numerical finite volume 

method was employed to resolve the governing equations which describe the problem. Graphical results 

for various parametric conditions were presented and discussed. It was found that the heat and mass 

transfer mechanisms and the flow evolution inside the enclosure depend strongly on the dimensionless 

characteristic parameters (Lewis number Le, Darcy number Da, enclosure inclination angle  and 
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buoyancy ration). 

Thus, the most above studies have considered cavities with isothermal walls, natural convection in 

porous enclosures, focused on the case of rectangular cavities heated and cooled only through two 

opposing sides while the other two sides are kept adiabatic, however in practice, all the faces of the 

enclosure may be thermally active. Despite the fact that in many engineering applications the 

temperature of a wall is not uniform but, rather, is a result of imposition of a constant heat flux Vasseur et 

al. (1986). Results available for situations where a constant heat flux is applied on one Prasad et al. (1984) 

or two Bejan (1983) walls have been reported only for the case of a vertical cavity. 

The objectives of the present work is to analyze the behavior of natural convection flows in a 

shallow inclined porous layer, when all four faces of the rectangle enclosure are exposed to constant heat 

fluxes, opposite boundaries being heated and cooled, respectively, which are new to the author’s 

knowledge. 

When the porous layer is slightly inclined with respect to the horizontal line, several types of flow 

configurations appear Caltagirone and Bories (1985). During the last years, several authors have been 

studied the criterion for transition between the different configurations of such flows. Weber (1975) 

demonstrated that a three-dimensional perturbation is steadier than a two-dimensional one if the 

inclination angle is close to zero. The existence of different flow configurations and the transition 

between them was also investigated by means of two- and three-dimensional numerical simulations by 

Chan et al. (1970).  

On the basis of the parallel flow approximation, a closed-form solution is obtained for the 

temperature and velocity distribution in the limit of a shallow enclosure (A>>1). In the following section, 

the differential equations, which described the physical model considered here, are formulated in a 

standard manner assuming the validity of Darcy’s law and the Boussinesq approximation. The full 

governing equations are solved numerically, using finite difference procedure. Effects of various 

parameter such as Ra, the Rayleigh number, , angle of inclination, and A, aspect ratio, are analyzed. 

 

STATEMENT OF THE PROBLEM 

 Consider the natural convection motion of a fluid filling a homogenous, isotropic, porous 

medium on all sides by an impermeable rectangular box. The enclosure, shown in Fig.1, is of height H, 

width L and is tilted at an angle , with respect to horizontal plane. A constant heat flux (q) is applied 

along the top and bottom the y-axis boundaries which heat and cool respectively at the same rate. A 

constant heat flux (aq), where (a) is a constant, is also applied in the x-axis on the two boundaries, where 

(a) assume equal unity in the present study to ensure uniform heat flux for all sides of porous layer. 

 Assuming the validity of Darcy’s law and Boussinesq approximation, the equations describing 

conservation of mass, momentum and energy in the medium are as follows Vasseur et al. (1986) and 

Torrance (1985). 
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  where u, v, p, g, K, , and  stand for the velocity  components in x and y directions, pressure, 

gravitational acceleration, medium permeability, viscosity and thermal diffusivity, respectively. Here, it 

has been assumed that the fluid properties are constant, except for the density variation in producing the 

bouncy force. Viscous drag and inertia terms are neglected because their magnitudes are small order 

compared to other terms. Also, heat transfer by radiation is assumed to be small compared to conduction 

and convection and hence is neglected in the formulation of the problem Vasseur et al. (1986)  and Prasad 

and Kulacki (1984). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 The physical model and coordinate system 

 

As usual, the governing equations are simplified if u and v is replaced by approaching define a stream 

function    which is satisfies the continuity eq.(1) identically 
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Further, the pressure terms appearing in eq.(2) are eliminated through cross-differential. The 

momentum and energy equations become: 

 

     

)sin
y

T
cos

x

T
(

Kg















2

                                                                           (5) 

 

 
 

x 
y 

aq 

aq 

q 

q 

H 

L 



Journal of Engineering Volume 16 June  2010       Number   2 
 

 

 8484 

     t

T
)

y

T

xx

T

y
(T






























112

                                                                          (6) 

 

 where - is the kinematics viscosity /. 

 

Finally, eqs.(5,6) are put in non-dimensional form by defining a new set of variables  
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where  

  To, is the temperature at the geometric center of the cavity and T =(qL)/k, a characteristic temperature 

difference. 

    The resulting equation for the stream function  and temperature  are : 
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where  

   Ra, is a Rayleigh number based on the constant heat flux (q) and the permeability K of the medium  
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The boundary conditions on  and  are: 
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where 

 A=H/L,  is the cavity aspect ratio. 

 a,      is  a constant controlling the fraction of the heat flux imposed  

                        on the y-axis walls with respect to that imposed on the x-axis  

                        walls, assume equal unity in the present study. 

  

The overall heat transfer cross the enclosure is expressed by average Nusselt number, defined  by 

Vasseur et al. (1986). 
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),/A(),/A( 0212  
, is the side to side temperature difference at the  

 center of the cavity. 

T , is the actual wall-to-wall temperature difference. 

 The parameters governing the present problem are the thermal Rayleigh number, Ra, the cavity aspect 

ratio, A, and the angle of inclination . 

 The problem is to find the functions  and  which satisfy the governing eqs. (8) and (9) and boundary 

conditions (11a) and (11b) for the case of long shallow cavity, i.e. for the condition A>>1 with fixed 

values of Ra. 

NUMERICAL SOLUTION 

To obtain the numerical solutions of the complete governing eqs. (8) and (9), finite difference 

were used. The solution consists of stream function and temperature fields as well as the velocity 

distribution in x and y directions. 

 The energy equation was solved using the alternating direction implicit (ADI) method AZIZ and 

Hallums (1967). The stream function field was obtained from eq.(8) using successive over-relaxation 

method (SOR) and a known temperature distribution. Forward time and central space differences were 

used and the advective term in the energy equation was written in conservative form to preserve the 

transportive property.  

 To test the present method of formulation and the finite difference scheme, various combinations 

of mesh sizes were used to select one which give better accuracy and requires less computational time. 

The number of grid points in the x and y directions were varied, depending upon the aspect ratio, A, of 

the cavity. As expected it was found that the necessary number of grid lines depends on the Rayleigh 

number, Ra, and the aspect ratio, A, of the cavity. The following are the grid fields used for the several 

aspect ratios considered in the present work; 

 

A Grid field 

2 41x31 

3 41x31 

4 51x41 

 

 In order to gain confidence in our results, we tried to compare ours with available previous 

published results. Thus, we compare our numerical solution but exposed to the same conditions by 

Vasseur et al. (1986). After obtaining confidence in our results, see Table.1, we processed to compute 

the transient mean Nusselt number. 

                                      

 

                             Table 1. Mean Nusselt Number for Ra=250,  =90
o
, and A=4 

 

Grid field      Nu [Vasseur et al. (1986)]  Grid field         Nu [Present Study] 

51x51           4.587   51x41                      4.327 

81x81           4.546   81x81                      4.411 
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The iterative procedure for the stream function was reported until the following condition was 

satisfied : 

 

      

4

1

1

10













i j

n

j,i

i j

n

j,i

n

j,i





                                                                            (13) 

    

where the superscripts  (n) and (n+1) indicate the value of the (n)th and (n+1)th iterations respectively 

and i and j indices denote  grid location in the (x,y) plane. Further decrease of the convergence criteria 

(10
-4

) did not cause any significant change in the final results. 

 

The steady state was defined based on the following criteria: 
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   where Nu  is the average Nusselt number. The iterative procedure was carried out until above criteria 

was satisfied. 

 

RESULTS AND DISCUSSION 

 Computations were conducted for a range of Rayleigh number Ra, 20,100, and 500 with aspect 

ratio varied from 2, 3, and 4. The inclination angle of enclosure from horizontal plane also varied from 0
o 

to 180
o
. Flow patterns and temperature fields for some typical values of Rayleigh number and aspect 

ratio are presented in Figs 2-5. Compared to the case of the constant temperature at both vertical walls 

Prasad and Kulacki (1984) and constant heat flux from two side and other is insulated Vasseur et al. 

(1986), constant heat flux on one vertical wall Prasad and Kulacki (1984), temperature fields in the 

present case are some different. 

When an inclined porous layer saturated by a fluid satisfying the Boussinesq approximation is 

differentially heated, a wide range of two-three dimensional, stationary or non-stationary flow 

configuration appear Caltagirone and Bories (1985). These configuration depends on the geometric 

dimensions of the porous media (aspect ratio), angle of inclination, and the Rayleigh number Ra. 

The basic flow which develops in differentially heated inclined porous layer is of an unicellular 

two-dimensional type. Thus, when the porous layer slightly inclined with respect to the horizontal line, 

the flow which takes place spontaneously is of unicellular type. At lower value of Rayleigh number, the 

flow is setting up of longitudinal rolls and remains steady for wide range of inclination angle Caltagirone 

and Bories (1985). 

Here isotherms for any size of cavity start either from the heated wall. Similar isotherms patterns 

have been reported for free convection in non porous vertical cavity by Said and Trupp (1982) and 

Balvanz  and Kuehn (1983), though no adverse temperature gradients or “S” –shaped isotherms Said and 

Trupp (1982) are observed for the present case. 

The thermal boundary thickness increases on the heated wall, for the velocity boundary layer 

thickness, the growth is different and is largely due to the change in bouncy effect. We can note that the 

convection becomes more and more vigorous as the orientation angle of the cavity is increased. 

In the numerical results, the flow inside the cavity was steady and unicellular flow in the case of 
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tilted porous rectangular cavity. When the angle of inclination angle approaching to the horizontal 

position, the flow might be multicelullar pattern, see Figs. 5 and 6. In fact, when the angle of inclination 

angle is approaching 180
o
, the flow might not be two-dimensional as assumed in the theoretical and 

numerical solutions Vasseur et al. (1986). Experimental observations and three-dimensional numerical 

simulations have show that, in the case of tilted, porous, rectangular cavity, the flow remains 

two-dimensional for 0
o
< <173

o 
but  for  >173

o
, oblique rolls were obtained Bories and Combarnous 

(1973). Also, its should be denoted that for very high values of the Rayleigh number, no steady 

unicellular flow could be maintained inside the cavity. 

Streamlines close to the heated surfaces are observed to run parallel to the wall over significantly 

large portion of its extent. This behavior becomes more prominent as the aspect ratio is increased and 

increasing in the inclination angle . As excepted, the temperature field are strong function of Rayleigh 

number and aspect ratio. As Ra is increased (Figs.2 - 4), isotherms shifts toward the constant flux wall 

and corners. This result in an asymmetric core region flow. As increase in aspect ratio further pushes the 

isotherms towards the corner of heated surface indicating high velocity. 

The value of Nusselt number is important for design proposed because its directly gives the value 

of a  range temperature , for any applied heat flux which , in turn gives the order of the temperatures to 

be encountered any particular values of Rayleigh number and aspect ratio. The orientation angle  is seen 

to have a dominate effect on the Nusselt number for a given Rayleigh number. As the angle of inclination 

 approach to the horizontal position, the Nusselt number at low Rayleigh number tends towards unity, 

indicating that the heat transfer is mainly due to conduction. Most of the change in heat transfer occurs in 

the range 0
o
< <90

o
 and 90

o
< <180

o
. Also, it’s noticed that the Nusselt number is strong function of 

Rayleigh number. 

For Ra>500, there is no numerical results are presented since they did not provide sufficient 

additional insight into the problem and also the computing time necessary to obtained an accurate  

steady-state solution become rapidly prohibitive. 

           Generally, the average Nusselt number show fairly large dependence on inclination angle . Also, 

we can note that, the effect of heating the cavity from  0
o
< <90

o 
on the Nusselt

 
number is seen to be large 

in comparison with that heating from 90
o
< <180

o
. It’s also noticed that the effect of inclination angle on 

Nusselt number is some more pronounced as the Rayleigh number is increased. A similar tends, rather 

fore, has been reported in the case of inclined fluid cavities contain two opposite of thermal surfaces 

maintained at different temperature Ozoe et al. (1977) and for case Vasseur et al. (1986). 

 The results of numerical calculations for mean transition Nusselt number vs. dimensionless time 

, are plotted in Fig.7. Generally, we can note that the dimensionless time increases with increasing 

aspect ratio and Rayleigh number. 

 Fig.8, presents the results of mean Nusselt number as a function of inclination angle , at 

Rayleigh number Ra of 20, 100, 500 respectively and an aspect ratio A=3. For small inclination angles 

from horizontal position, the calculations lead to a stationary state consisting of rotating cells. When the 

angle  increases, the Nusselt number increases and sudden transition appears and flow becomes 

unicellular and the Nusselt numbers increase clearly. If the angle  continuous increase, the flow remains 

unicellular and the Nusselt number decrease when close to the vertical position. So, the value of mean 

Nusselt number strong function with the value of Rayleigh number, aspect ratio, and the orientation of 

the porous cavity. 
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CONCLUSIONS 

The numerical results of shallow porous cavity show that when the porous layer slightly inclined 

with respect to the horizontal line, the flow which takes place spontaneously is of unicellular type. 

 The thermal boundary thickness increases on the heated wall, for the velocity boundary layer 

thickness, the growth is different and is largely due to the change in bouncy effect.  

The convection becomes more and more vigorous as the orientation angle of the cavity is 

increased. For very high values of the Rayleigh number, no steady unicellular flow could be maintained 

inside the cavity. 

Streamlines close to the heated surfaces are observed to run parallel to the wall over significantly 

large portion of its extent. This behavior becomes more prominent as the aspect ratio is increased and 

increasing in the inclination angle. 

As increase in aspect ratio further pushes the isotherms towards the corner of heated surface 

indicating high velocity. 

The Nusselt number at low Rayleigh number tends towards unity, indicating that the heat transfer 

is mainly due to conduction. 

When the angle  increases, the Nusselt number increases and sudden transition appears and flow 

becomes unicellular and the Nusselt numbers increase clearly. If the angle  continuous increase, the 

flow remains unicellular and the Nusselt number decrease when close to the vertical position. So, the 

value of mean Nusselt number strong function with the value of Rayleigh number, aspect ratio, and the 

orientation of the porous cavity. 
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NOMENCLATURE   

 

A       aspect ratio of the cavity, H/L       

c        specific heat of fluid, J/kg.K 

g       gravitational acceleration, m/s
2 

H      thickness of the porous  cavity, m 

k        thermal conductivity of fluid    

         saturated porous medium, W/m.K 

K      permeability of porous medium, m
2 

L      length of the porous cavity, m 

Nu    Nusselt number 

P      pressure, kPa 

q      constant heat flux, W/m
2 

Ra    Rayleigh number, gKL
2
q/k 

T      temperature, K 

To     reference temperature at x=y=0, K 

T    characteristic temperature differenc, qL/k 

   wall-to-wall temperature difference at   x=0, eq. (12) 

u      fluid velocity in x-direction 

v      fluid  velocity in y-direction 

U    dimensionless velocity in x-direction, uL/  

V    dimensionless velocity in y-direction, vL/  
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x, y      cartesian coordinate, m         

X         dimensionless distance on x-axis, x/L 

Y         dimensionless distance on y-axis, y/L 

 

Greek symbols 

 

      thermal diffusivity of porous medium, k/c 

       coefficient of thermal expansion, K
-1 

      dimensionless temperature 

        dimensionless time 

      dynamic viscosity of fluid, kg/m.s
 

       kinematic viscosity of fluid, m
2
/s 

       density of fluid, kg/m
3
 

      stream function 

  angle of inclination of the enclosure 

 

Superscript 

-        average 

n       iteration 

Subscript 

i, j     indices denote grid location 

o        reference temperature 
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ABSTRACT 

The hydrodynamic and thermal boundary layers have great effect on the fluid flow and heat 

transfer between rotating turbine blade. In the present work, the flow and heat transfer is analyzed 

numerically by solving two dimensional incompressible boundary layer equations. A ( k – ε ) 

turbulence modeling is used to obtain the eddy viscosity. The finite volume method is introduced to 

carryout all computational solution with staggered grid arrangement. Due to complex physical domain 

the original coordinate system is transferred to non orthogonal coordinate system. The calculation of 

present work done for rotating two dimensional turbine cascade with different rotating speeds (1500 

rad/s, 1800 rad/s, 1900 rad/s), and for different Reynolds number (5000, 10000, 100000), in subsonic 

flow (M<1). The two dimension fluid flow is described by presenting plots of vector and contour 

mapping for the velocity; pressure and heat transfer fields as well as Nusselt number variation. The 

results were verified through a comparison with published duct results, good agreement was obtained. 

The final results were then compared with published results for turbine blades and good agreement was 

also obtained, the overall comparison show good agreement.  

 الخلاصة

فٍ انبحذ انحاانٍ . ها حأرُش كبُش ػهً انضشَاٌ واَخقال انحشاسة بٍُ سَش انخىسبٍُ انذواسةانطبقت انًخاخًت انهُذسو دَُايُكُت وانحشاسَت ن

نلاضاطشا  ( k- ε)حى اسخخذاو ًَىرس . حى ححهُم انضشَاٌ واَخقال انحشاسة ػذدَاً بحم يؼادلاث انطبقت انًخاخًت رُائُت انبؼذ انلااَظغاطُت

طشَقت انحضاىو . كباث انكاسحُضَت نهسشع وانضغىط كًخغُشاث يؼخًذة فٍ يؼادنت انضخىحى اسخخذاو انًش. نهحصىل ػهً انهضوصت انذوايُت

حاى ححىَام َظااو الاحاذارُاث , بسبب انخؼقُذ فٍ انًضاال انيُضَاائٍ نهًسا هت(. staggered grid)انًحذدة حى اسخخذايها يغ انشبكت انًشحهت 

حااى اسااخخذاو طشَقاات  . ُكُاات يااغ يؼادناات انطاااات فااٍ انًضااال انؼااذدٌ نهًسااأنتحااى حاام يؼادناات انطبقاات انًخاخًاات انهُذسودَُاي .غُااش انًخؼايااذة

SIMPLE  نهضشَاااٌ انلااَظغاااطٍ نهحصااىل ػهااً انحاام وحيايااُهت خاالال سَشااخٍ حااىسبٍُ دواسة حااى اَضاااد انحاام ناازلاد سااشع دوساَُاات

(1500 rad/s , 1800 rad/s, 1900 rad/s ) حى اػاذاد بشَاايش بأساخخذاو  (.055555 , 05555 ,0555)ونزلاد اُى يٍ ساى سَُىنذص

(power station )حى حًزُم انضشَاٌ انزُاائٍ انبؼاذ بشساى انًخضهااث وخطاىط انخسااوٌ . نخُيُز انحساباث انًطهىبت(contours ) نهساشع

وحاى انحصاىل حى حذاُق انُخائش بًقاسَخها يغ َخائش يُشاىسة نهضشَااٌ داخام يضاشي . وكزنك حقُُى ساى َسهج, وانضغىط ودسصاث انحشاسة

 .وحى انحصىل ػهً حىافق صُذ, بؼذ رنك حًج يقاسَت انُخائش انُهائُت يغ َخائش يُشىسة نهضشَاٌ خلال سَش حىسبٍُ. ػهً حىافق صُذ
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INTRODUCTION  

  The axial flow turbine has two main elements; the stationary vane called nozzle and a turbine 

rotor. One of the most important aspects of the turbine property is to choose the suitable blade profile. 

In the three dimensional flow inlets boundary layer separates and forms a horseshoe (or leading edge) 

vortex, with one leg of the vortex in one aerofoil passage and the other leg in the adjacent passage. 

Thus in a cascade flow, the part of the secondary flow that is called the passage vortex. 

The main objective of present work is to investigate the fluid flow and heat transfer between two 

rotating turbine blades. This w ill be done by solving the governing continuity, momentum, and energy 

equations together with the (k – ε) turbulence model, numerically by the finite volume method. An 

orthogonal curvilinear coordinate system that is rotating with the blade will be used. The development 

of both hydrodynamic and thermal boundary layers over the blade surface will also be considered. 

Many investigations have provide data for the flow between turbine blades. However, rather literature 

is available for flow analysis. Koya and Kotake studied numerically fully developed flow through 

aturbine stage. Dorfman applied Naveier Stocke equation for gas turbine, to gather with heat 

conduction. Gogzeh developed finite volume method and code for solving elliptic three dimensional 

fluid flows. Thomkens study the quazi three dimensional finite difference boundary layer analysis for 

rotating blade row   

 

MODELING  

The blade profile is analyzed in frame work of an orthogonal curvilinear coordinate system 

rotating with blade. 

The geometry under consideration is an impulse turbine blade as represented in figure (1), 

although it represents a three dimensional flow problem, a suitable simplification by assuming the flow 

throw a cascade construction will reduce it to a two dimensional problem. The blade  dimensions are:-  

Axial chord, bx = 11.08 in (0.2813m) 

Chord / axial chord = 1.2242 

Pitch / axial chord = 0.9555 

Aspect ratio (span / axial chord) = 0.9888 

1 = 43.99 
o 

2 = 22.98 
o 

 

In this problem the mean flow is considered to be steady, and the following  assumptions were used 

1. The corioles acceleration creates a pressure gradient normal to the blade surface u) even though 

it's larger than in usual boundary layer calculation. 

2. Assumption of zero pressure gradients across the boundary layer is adopted.  

3. It will know assumed that the gradients of all flow property in the x2 direction are zero 0
x 2





 

This reduce the x2  momentum equation with the other equations. 

4. Incompressible subsonic fluid flow. 

5. Pure impulse turbine blade is adopted with zero degree of reaction. 

6. The boundary layer assume to be turbulent from the leading edge of the blade 
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According to the above assumptions and the flow forces the governing equations will be; (Tompkins, 

1982); 

Continuity: 
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X2 Momentum Eq. : 
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X3 Momentum Eq.: 
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Energy Eq. 
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Where 

I = H – 1/2 ( 2
 R

2
)  is the rothalpy 

H = stagnation enthalpy 

   = blade row rotation speed 

R = perpendicular distance from the axis of rotation  

±2ρω(υ,ν) = Represent the corioles force component.   

 ρω
2 

R = Represent the centrifugal force component 
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With the velocity component normal to the surface neglected. It is convenient at this point to express 

the Reynolds stress and turbulent energy transport. 

For the steady state there are four types of boundaries in the physical flow domain, inlet, outlet, 

solid surfaces and periodic boundary. At the inlet of the blade duct the velocity components and 

turbulent kinetic energy are specified. Turbulence quantities, such as (k) and (ε) are normally not known, 

but they must be estimated. Usually (k) is set to :-  

           k=(2/3)(Tu.Ux)
2
 ,                                                                                                   (6) 

Where (Tu) is the turbulence intensity and its value (0.01 < Tu < 0.1), Davidson (2003).  

The dissipation is set to: -    
c

in
I

k
C

2

3

3

2

                                                                                          (7) 

Where Icis a characteristic length and is taken as (0.015S), where S is the cascade Pitch. Pressure is 

assumed to be unchanging in the flow direction at the inlet At the exit plane the values of the dependent 

variables are unknown. Therefore the outlet boundary should be placed far down from the region of 

interest 

 

NUMERICAL SOLUTION 

 In the present study we will work on the sequence of two– dimension grids in successive cross 

– section planes. The equations are formulated in two – dimension rectangular compensation domain 

).(  and are solved numerically over uniform, rectangular grid in that domain. The method of 

Thompson Thames and Mastin (TTM) is utilized. The method employs the following in- homogeneous 

Laplace eq. as the generation system and its solving results represented in figures (2), (3) and (4)   
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General conservative form  

(ρG1 ) ξ + (ρG2 ) η  = (Г Ja1  ξ) ξ + (Г Ja2  η ) η +  Stotal                                                                                                                           (9) 

The table (1) clarifies equation (9) in general curvilinear coordinate 
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 k-equation Sk 
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[Gk - ρ ε]+Sζ,η 

ε – equation 1 ε 
1μ+
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k


(C ε1Gk - C ε2 ρ ε)]+Sζ,η 

 

The Nusselt Number 

For forced convection of a single-phase fluid  

q
"
w = h(Tw- T*)       ...............................................(12) 

where h is called the heat transfer coefficient, with units of W/m
2
 , heat flux would be entirely 

due to fluid conduction through the layer:  

q
"
w = k(Tw- T*)/L   ………………………………      (13) 

We define the Nusselt number as the ratio of these two:  

./
)(

)(
NuL

"

"

khL
conductionq

convectionq

w

w    ………………………         …  .(14) 

Sequence of solution steps 

 The overall solution procedures can be listed as follows: 

1) An initial guess is given for all variables in the field of interest. 

2) The proper boundary conditions are specified for all dependent variables. 

3) The discretised momentum equation is solved to obtain the covariant velocity components. 

4) Then the pressure correction equation is solved to obtain pressure correction field. 

5) The pressure correction is then used to correct pressure fields using equation  

6) Then the velocity and density fields are corrected using equation  

7) The other dependent variables such as turbulence and energy equations are solved. 

8) The density is calculated using the new temperature and pressure fields. 

The whole procedure is repeated from step three until a convergent solution is obtained 

 

RESULTS and Discussion  

In the beginning of running the computer program we solve the governing equation for simple 

rectangular duct as represented in figure (5) and (6) , the turbulent modeling was also adopted for the 

duct flow and we can see the turbulent kinetic energy in duct flow in Fig (7) and (8) The velocity 

contours of the present work were made for three different values of Reynolds number. 
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The firs Reynaldos number was 5000 and its (U) velocity contours is presented in fig (9), in this figure 

we can see the uniform velocity at the entrance of the domain, this uniform flow is because the flow 

coming from uniform source this source is the stationary blade which work as a nozzle to increase the 

velocity and give the flow more stability. The flow velocity increases uniformly inside the domain and 

reaches a value over the entrance velocity in the region at the mid chord of the blade and also we see 

the same in Figures (10) and (11).  

The V – velocity contour for the three Reynolds number are plotted in figures (12) to (14), which 

indicates a uniform velocity at the entrance and it decreases towards the exit 

 The second important variable in the present work is the pressure distribution in the space between 

the rotating blades. Figures (18), to (20) show the predicted static pressure distribution at different plane 

for Reynolds number equal (5000, 10000, 100000) respectively, we can see higher pressure distribution 

near the pressure surface than that close to suction surface this is due to the positive inclination (angle 

of attack) of the blades   

 The figures (21) to (23) show the dimensionless turbulent kinetic energy for Reynolds number 

(5000, 10000, 100000) respectively we observe the minimum value of turbulent kinetic energy near 

wall and increases toward the center. The turbulent kinetic energy be minimum near wall where the 

flow velocity is minimum.   

 Depending on the velocity value appear during solving the governing equation we can get the 

velocity profile. These profiles shown in Figures (25) to (28) and for Reynolds Number (100000 and 

10000  ) for different locations in the core line for the blades. We fix the points where the velocity 

reach the max flow velocity we get the boundary layer form as show the Fig (29)  

 

 After predicting the boundary layer profile we fix the point of velocity equal to 0.99 maximum 

velocity at the suction surface these points provide us with the boundary layer, this process done for 

1500 rad/s rotating speed. This procedure repeated for another rotating speed (1800 rad/s, 1900 rad/s) 

to see how dose the rotating speed affects the boundary layer behavior, the new boundary layer form 

presented in fig(30). we see in this figure that increases in rotating speed have bad effect on the 

boundary layer form specially at (x/c > 0.9) 

 The figures (31 to 34 ) show the temperature distribution developing. For the case of constant 

upper blade temperature and thermal insulated lower blade for Reynolds (Re = 50,000), we observe 

that the temperature increases in the direction of the flow and the temperature decreases in the vertical 

direction. In the middle of the geometry we observe the decrease is greater then decreases slightly 

toward the lower wall. 

 

CONCLUSION REMREKS  

 The present work solves the fluid flow and heat transfer between rotating impulse turbine 

blades. The following conclusions are drawn from the obtained results; the flow velocity increases 

uniformly inside the calculation domain and reaches a value over the uniform entrance velocity in the 

region at the mid chord of blade. the velocity vectors are more uniform at the middle section than at the 

entrance and they become unstable at the trailing edge section. the boundary layers are more uniform at 

the pressure side than at the section side. 

High pressure is observed near the pressure side than thus close to suction side, and denser pressure 

contours near the leading edge of the pressure side is also observed. A minimum value of turbulent 

kinetic energy is observed near the wall and it increases towards the center. Increase in rotational 

speed causes a deformation and increase in boundary layer thickness. A normal temperature 

distribution is obtained, and the large velocities on the suction side cause streamwise vortex that 
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continuously heat transfer. The Nusselt number is maximum at the entrance section and decreases 

with the flow direction until it reach approximately constant value. An acceptable agreement was 

obtained with previous published numerical and experimental results,       
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Table 2 definition of symbols used in present work 

Symbol Description Units  

C Chord of the blade Mm 

Cµ Constant in turbulence model  

C1 Constant in turbulence model  

C2 Constant in turbulence model  

Cx Axial chord of the blade Mm 

GI Contravariant velocity in  direction  m/s 

G2 Contravariant velocity in  direction m/s 

G3 Contravariant velocity in Z direction m/s 

J Jacobian transformation  

k Kinetic energy of turbulence   

MUE Turbulent Viscosity    
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P Pressure N/m
2
  

R Perpendicular distance m 

Re Reynolds number (Re = UCx / µ)  

S Cascade pith Mm 

S Source term of   

S Source term due to nonorthogonalit y   

Stotal Total source terms  

t Time Ms 

T Temperature °C 

Tu Turbulence intensity  

u Velocity component in x direction m/s 

 Velocity component in y direction m/s 

w Velocity component in z direction m/s 

x Axial coordinate in the physical domain   

Z Spanwise coordinate in the computational domain   

1ω Rotating speed Rad/sec 
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Fig (2) elliptical grid system for (M x N = 33x21) 
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Fig (3) Algebric Grid system for (MxN = 33 

x 21)  
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Fig (1) Two Dimension Blade 
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Fig. 8:  MUE for duct flow  
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Fig. 10:  U - Velocity Contour at Re = 10000 
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Fig. 16: U Velocity Vector at Re = 10000 
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Fig. 21:  KE Contour at Re = 5000 
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Fig. 24:  MUT Contour at Re = 100000 
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3.7

3.8

3.9

4

4.1

4.2

4.3

4.4

4.5

4.6

0 0.5 1 1.5

            Re = 100000 

             Re = 10000 

 

 

Y/Cx U/U 
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Fig. 27:  Velocity profile at( X/C)= 0.8 
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Fig. 30:  Boundary Layer Form for Different Rotating Speed 
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Figure(31): Contour (Lines) of temperature distribution for Re=50,000 and constant wall temperature Tw=100 °C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure(32): Contour (flood) of temperature distribution for Re=50,000 and constant wall temperature 

Tw=100 °C 
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Figure(33): Contour (Lines) of temperature distribution for Re=50,000 and constant wall temperature Tw=1000 °C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure(34): Contour (flood) of temperature distribution for Re=50,000 and constant wall temperature Tw=1000 °C 
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Fig. 37:  Comparison Velocity Vector Re=5.9x100000 with Hah 1984  

 

Fig.36:  Boundary Layer Form comparison for duct flow  

 Figure(35): Distribution of Local Nuselt 

Number for Re=50,000 and Tw=1000 °C 
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ABSTRACT 

     An experimental and theoretical investigation of the effect of flow separation on the performance 

of a cascade NACA 65_(12)10 axial compressor blade has been carried out. The experimental work 

includes the fabrication of three blades from wood, each having a chord (100mm) but one of these 

blades having a span of (90mm) for smoke tunnel testing and the other two blades having a span of 

(380mm) for wind tunnel testing.The two blades were connected by suitable mechanism in order to 

be fixed in the wind tunnel protractor and rotated in the required stagger angle. The cascade was 

tested in an open type low-speed subsonic (Mach number=0.117) wind tunnel, for Reynolds number 

(Re=239605) based on maximum velocity (35 m/s) and airfoil chord length. The total and static 

pressures were measured in selected points between the two blades for stagger angles of (4 0 , 0 0 ,-

4 0 ,-8 0 and -12
0
) by using a multi-tube manometer and a pitot static tube. The small blade (90mm 

span) is tested in the smoke tunnel to visualize the real behavior of flow separation. The theoretical 

work includes using the software FLUENT (V6.2) to simulate the flow between the two blades. The 

study shows that the flow separation begins when the cascade are inclined at a stagger angle of (-

4 0 ) on the suction side of the lower blade at a position (96%chord experimentally and 98%chord 

theoretically). Then, the separation zone increases with increased stagger angle (in clockwise 

direction) and reach to the position (61%chord experimentally and 63%chord theoretically) at a 

stagger angle (-12 0 ).These results are validated by a smoke tunnel tests.This separation affects the 

performance of the compressor, where the static pressure ratio (
eS

p /
iS

p ) decreases as the 

separation zone gets bigger. The range of working stagger angle is then calculated. It was found in 

the range (-18 0  to 36 0 ). The flow behavior between the two blades shows that the blade-to-blade 

configuration works as nozzle-diffuser. The theoretical results were compared with the 

experimental results and good agreement was obtained.  

 

 

 :الخلاصة

ياٍ خارٛش اَفصال انضشٚاٌ ػهٗ اداء انشٚشخٍٛ انًخؼااببخٍٛ نهاااة ت انًحٕسٚات ندساعت ػًهٛت َٔظشٚت  اصشاءفٙ ْزا انبحذ  حى      

نكاٍ اداذٖ  (يهاى000)ٔحاش لام سٚشات , ادة انخشبيٍ ي انضضء انؼًهٙ ٚخاًٍ حصُٛغ رلاد سٚش.  [NACA 65_ (12)10]َٕع 

حاشط    .لاخخبااساث انُفاق انٓإا ٙ(يهى280)ػشض احابقخٍٛ رٔلاخخباساث انُفق انذخاَٙ ٔانشٚشخٍٛ انًخ( يهى 00)ػشض اثنشٚش را

حاى . انً هٕطاتانضأٚات حاذٔٚشْا طيُاعبت نكٙ حزخبج طًُقهت انُفق ٔطانخانٙ ًٚكاٍ  آنّٛلاخخباساث انُفق انٕٓا ٙ ط خٍٛانشٚشخٍٛٛ انًغخخذي

اعااط انغاشػت انًحغإ  ػهاٗ  Re=239605))نؼاذد سُٕٚناذحٙ ٔاطٗ انغاشػت شٚشخٍٛ فٙ َفق ْٕا ٙ ححج صٕاخخباس يخؼاببت ان

حاى بٛااط انااا  انكهاٙ  ٔانااا  الاعاخاحٛكٙ نهُقااط انًخخااسِ طاٍٛ سٚشاخٙ اناااة ت  نقاذ . ٔطٕل ٔحاش انشٚشات (را\و24)انقصٕٖ 

 صااٛشةحى أخخباس انشٚشات ان. أعخاحٙ-ؼذد الاَاطٛب ٔأَبٕ  طٛخٕثطاعخخذاو يإَيٛخشيخ (-01ٔ -8,-3,0,3) ْٙ نخًظ صٔاٚا أَحشاف

 اعااخخذاوانذساعاات انُظشٚاات حخاااًٍ    .طؤعااخخذاو انُفااق انااذخاَٙ نشإٚاات انغااهٕلأ انحقٛقااٙ اَفصااال انضشٚاااٌ( يهااى 00ػااشض اثر)
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باذأ ػُاذيا حكإٌ صأٚات طاؤٌ ااَفصاال ٚ ذساعاتأظٓاشث ان. نًحالاث انضشٚااٌ طاٍٛ انشٚشاخٍٛ FLUENT V6.2)) انضاْض بشَايشان

ياٍ "( ياٍ انإحش َظشٚاا%  08ٔ" يٍ انٕحش ػًهٛاا% 05) غ ح انؼهٕ٘ نهشٚشت انغفهٗ ٔطًغافتاندٛذ ٚحذد ػهٗ ( -3)ااَحشاف 

طؤحضاااِ ػقااش  ()stagger angle)ٔطؼااذ رنااد حااضداد يُ قاات ااَفصااال طؤصدٚاااد صأٚاات ااَحااشاف . ‘انااذخٕل انااٗ انخااشٔس نهًخؼابباات

( -01)ياٍ اناذخٕل اناٗ انخاشٔس ػُاذ صأٚات أَحاشاف "( يٍ انإحش َظشٚاا% 52ٔ" يٍ انٕحش ػًهٛا% 50)انٗ  دخٗ حصم( انغاػت

انااا  انغاخاحٛكٙ )دٛذ حقام َغابت انااا   انشٚشخٍٛ انًخؼاببخٍٛااَفصال ػهٗ أداء  ٚئرش   .أخخباس انُفق انذخاَْٙٔزا يا ٕٚضحّ 

اناز٘ ٔصاذ .  ضٔاٚاا ااَحاشافن انشااال  ًاذٖانٔطؼذ رند حى دغا   .الاَفصالقت طؤصدٚاد يُ ( انخاسس انٗ اناا  انغخاحٛكٙ انذاخم

  .يخباػاذ -يخقااس بإ  ؼًالاٌ لحطاؤٌ انشٚشاخٍٛ انًخؼااببخٍٛ  ٚباٍٛعهٕلأ انضشٚاٌ طٍٛ انشٚشاخٍٛ  ٌأ .  (25انٗ  08-يٍ)ضًٍ انًذٖ 

 .نُخا شحقاس  صٛذ طٍٛ حهد ا ٔصذ انؼًهٛت يغ انُخا ش انُظشٚت شحًج يقاسَت انُخا 

 

KEYWORDS: Axial Compressor Cascade, Viscous Flow, Separation, FLUENT, Visualization 

 

INTRODUCTION: 

     The compressor, which is the important part of gas turbine engines, has to be given special 

attention during operation. The main task of the axial-flow compressor is to increase the pressure of 

air by converting air kinetic energy through a series of rotating and stationary blades. One of the 

most important problems that affect performance is the flow separation. Separation starts by 

deviation of fluid particles away from blade surface in the boundary layer. This causes a drop in 

kinetic energy, and cause the flow to re circulate [You D. AND Moin, P., 2006]. After stall region 

the fluid particles velocity reaches to zero in boundary layer near to blade surface and this 

deceleration causes increasing in boundary layer thickness and at a small distance after stall region 

the particles stop and reverse in direction due to positive pressure gradient. The low Reynolds 

number in conjunction with the local adverse pressure gradient makes it susceptible to flow 

separation [Meinhard T. Schobeiri etal, 2003].  This study consists of two major parts: the 

experimental part a cascade tested in an open jet low speed wind tunnel. The total and static 

pressure between two axial compressor blades were measured using a Pitot - static tube and a 

manometer. To visualize the flow a smoke tunnel was used. The stagger angle was taken equals 

(4 0 , 0 0 ,-4 0 ,-8 0 , and-12 0 ). Secondary, in the theoretical part that depends on simulation the flow 

between the two blades by using a software FLUENT. The objectives of this paper are: 

1. Study the effect of viscous flow separation (through the cascade of an axial compressor) on the 

flow variables (velocity, static pressure, total pressure…etc) by utilizing FLUENT (V6.2) software. 

2. Investigate the effect of stagger angle on flow separation. 

3. Comparison of the experimental results with the theoretical results. 

 

THEORITICAL PART: 

* Assumptions: 

     The flow is steady, two-dimensional, incompressible , turbulent, Newtonian, isotropicand 

isothermal. 

 

* Governing Equations: 

     The domain for which the model is build is shown in fig.(1) since the flow through a compressor 

is three-dimensional and quite complex, a simplified approach is adopted to analyze the fluid flow 

through cascade passage in two dimensions. Figs.(1) and (2) show the cascade and the physical 

domain. The equations of continuity, momentum and turbulence model are [Hill, P. G., 1965]: 

 Continuity Equation:  
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 X-Momentum Equation: 
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 Y-Momentum Equation: 
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                               (c). 

 

 The turbulence kinetic energy – dissipation model at high Reynolds number is used [Moult, 

A. etal,1977]. 

A-Turbulence kinetic energy:   2225.0 wvuK    
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       The quantity kG is the generation term for the kinetic energy of turbulence given by: 
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B-Dissipation:  
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     The K  turbulence model was extended by ref. [Jones, W. P. and Launder, B. E., 1972] to 

low-Reynolds number flow as follows: 
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Fig.(1): Compressor Cascade Geometry.                      Fig.(2): General View of the Cascade. 

 

* FLUENT Code: 

   

- Analysis Steps: 

     There are two processors used to solve the flow equations: 

A. preprocessor is a program that structure creates the geometry and grid by using GAMBIT as 

follows: 

  Modeling of geometry, fig.(3) and fig.(4). 

  Mesh generation (Discitization), fig.(5). 

  Boundary conditions. There are three type of boundary conditions: 

a. Inlet boundary conditions(velocity and pressure inlet). 

b. Outlet flow boundary conditions. 

c. Solid surface(wall) boundary conditions. 

d. Periodic boundary condition(flow regions before and after two blades). 

B. Postprocessor: is: 

 Solving Navier-Stokes equations (which includes continuity and momentum equations) as wall 

as turbulent flow model by using FLUENT software with (). 

 

 Plotting the results. 

                      
            Fig.(3):Axial compressor Blade                                Fig.(4):Axial Compressor Blade  

                   by Points and Edges.                                                             as a face. 
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Fig. (5): Grid (Mesh) generation of axial compressor vanes passage for (stagger angle =4

0
,0

0
,-

4
0
,-8

0
 and -12

0
). 

EXPERIMENTAL WORK: 

 

* Blade to Blade Configuration:   

     In the present work a cascade consists of two blades, each having a chord of (100mm) but one of 

these blades has a span of (90mm) and the other two blades have a span of (380mm) were made 

from wood fig.(6). The two blades of (380mm in span) are connected by suitable mechanism, as 

shown in fig.(7) in order to be fixed in wind tunnel protractor and achieved on required stagger 

angle. The two blates are fixed by aluminum plates, fig.(7). 

                                          
   Fig.(6): Axial Compressor Blades NACA 65_ (12)10.   Fig.(7): Blade to Blade Configuration. 
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* Apparatus:      

 

- Subsonic Wind Tunnel: 

     Low- speed subsonic (Mach number=0.117) open type wind tunnel is used in this work of cross 

section of (305mm* 305mm). Wind speed of (35m/s) is achievable allowing experiments on many 

aspects of incompressible air flow and subsonic aerodynamics to be performed at satisfactory 

Reynolds number. Reynolds number is (Re=239605)   based on inlet velocity and blade chord. The 

tunnel has a smooth contraction fitted with the protective screen. The test section is constructed of 

clear Perspex, to see the blade to blade configuration clearly with a square cross section of 

(305mm305mm) and a length of (610mm). The blade to blade configuration was put inside the 

test section parallel to flow direction and connect by protractor to limit stagger angle. The control of 

the stagger angle of the blade to blade configuration was made by a suitable mechanism, fig.(9). 

The upper surface of the test section has a slot used to fix the pitot-static tube to measure the static 

pressure and total pressure. Fig.(8) is a photo of the wind tunnel and the working section. 

Downstream of the test section is a diffuser which leads to an axial flow fan driven by a (5.6kW 

three phase A.C motor). The flow is controlled by a butterfly valve before exhaust to atmosphere 

through exhaust section. The air enters the tunnel through a carefully shaped diffuser. The test 

section gives a full visibility of flow field.  

                                                      
  Fig.(8): Wind Tunnel Device (Open Circuit)                  Fig.(9): Protractor of Subsonic Low   

          and Multi-Tube Manometer.                                               Speed Wind Tunnel.                               

 

- Multi Tube Manometer: 

     A water multi tube manometer was used to measure total and static pressure between the two 

axial flow compressor blades, fig.(10). The manometer holes are connected to the  Pitot - static tube 

by suitable connection pipes.  

 

- Pitot – Static Tube: 

     The purpose of using pitot – static tube is to measure air static pressure, total pressure and then 

velocity inside test section. The external dimensions are (5mm) diameter, (200mm) arm length. 

Tube reading were corrected according to reference [Omran, K. J.,2003] as following:  

waterwaterstd Hgpppp                                                                                             (i).  

 

 2

2

1
UEp aird                                                                                                                       (j). 

 

2

2

1
UEHgp airwaterwater                                                                                     (k). 

 

 0EE                                                                                                                                 (l). 
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Where: E=Correction coefficient, =Viscosity coefficients, its value(0), =Effect of distance from 

tube to wall which is found from fig.(11), 0E =Effect of static pressure holes distance of (0.9976) 

value. 

                                                                        
Fig.(10): Multi Tube Manometer.                            Fig.(11): Correction of Pitot - static                

                                                                                     tube Distance. [Omran, K. J., 2003].            

Smoke Tunnel:    
     To illustrate a real view of flow development and separation, a smoke tunnel was used as shown 

in fig.(12). The air is drawn by a fan which is rotated by an electrical motor of variable velocity at 

the top of the tunnel. The air enters to the tunnel at the base. The test section has dimensions of 

(180mm) width, (240mm) height and (100mm) deep. The models installed in the back wall of the 

test section, the front wall of the test section are easy to remove. It is made of clear Perspex. Smoke 

generation is controlled at the bottom of the tunnel. The section has (23) holes from it smoke enter. 

The space between any two adjacent holes is (7mm). A high light source is put in the sides of the 

test section to see smoke clearly. The smoke generated by a smoke generator which evaporates 

kerosene in class evaporator carried on the front wall of the smoke generator. The smoke generated 

is dragged by the fan at the top of the tunnel through the test section. Flow Photo is taken using a 

digital Camera. 

 
Fig.(12): Smoke Tunnel.                         

 

* Procedure of Experiments: 

     The flow between two axial flow compressor blades was tested by wind tunnel as described in 

the following steps: 

 Measure the atmospheric pressure and temperature before carrying out the experiments to 

calculate the air density accurately. 

 Fix the blade to blade configuration in the test section with the required stagger angle.  

 Prepare the multi tube manometer, controlling speed valve, and pitot static tube. 
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 Operating the wind tunnel for (15min) to reach steady state conditions.  

 Reading the dynamic head by using pitot static-tube which is connected to multi tube 

manometer by suitable connection tubes. 

 Repeating the previous procedure for other stagger angles ranges from( 04 to - 012 ). 

 The experiments carried out in smoke tunnel were as following: 

 Fill the bottle with Kerosene to the required limit. 

 Put the model inside smoke tunnel test section and fixed at a certain angle indicated by 

protractor. 

 3. Turn on the smoke generator. 

 4. After about (3minutes) the smoke begins to formulate. 

 5. After smoke formulation the fan is turned on and controlled by the speed controller. 

 6. A high resolution digital camera was then used to photograph the models and flow. 

 

RESULTS AND DISCUSION: 

 

* Experimental Results: 

     The experimental results are presented for three different curve lines located at (0.125,0.5 and 

0.875) of (S) as shown in fig.(13). The operating and boundary conditions of the blades and flow 

passage are listed in table(1). 

 

Table (1): Operating and Boundary Conditions. 

 

Case Stagger Angle 

   in (degree) 

Inlet Velocity (m/s) Number of grid 

points 

Static Pressure Ratio 

1 4 35 63 1.08 

2 0 35 63 1.12 

3 -4 35 63 1.1 

4 -8 35 63 1.07 

5 -12 35 63 1.04 

      

     The velocity and static pressure distribution (for the three sections) of flow between the two 

blades for stagger angle (4
0
, 0

0
,-4

0
, - 8

0
and -12

0
) are presented in fig.(14)and(15). These figures 

show that the flow is accelerated along section 1 (0.125S) up to a certain position,( refer to third 

column of table(2). Then the flow decelerates to the exit for stagger angles (4
0 

and 0
0
) up to a 

certain position, see the fourth column of table (2) for stagger angles (-4
0
, -8

0
 and-12

0
) where the 

flow is separated. The flow decelerates along section 3 (0.875S) from the inlet to the exit for all 

taken stagger angles. The velocity and static pressure remains constant along the section 2(0.5S) 

from the inlet to the exit for stagger angles (-8
0
 and -12

0
) and to a certain position for stagger angles 

(4
0
, 0

0
 and -4

0
), the fifth column of table (2). Then the flow decelerates to the exit. The pressure 

ratio is the exit static pressure from blade to blade passage divided by inlet static pressure. The 

pressure ratio for all cases is shown in table (2).   

     The reason behind such behavior is the effect of stagger angle. Within a certain range of stagger 

angles (from 4
0
to -4

0
) the flow remains in contact with the blade surface. As the stagger angle is 

increased, the blade profile forces the flow a way from its surface, hence, the flow starts to separate. 

Separation starts close to the trailing edge and progresses upwards as the stagger angle is changed 

(from -4
0
to -12

0
). This effect is not clear in the middle section of the passage as the profile effects 

on flow behavior diminishes. The behavior of static pressure distribution is complimentary to the 

behavior of velocity. The flow separate from the suction side of the lower blade of cascade for 

stagger angle (from -4
0
 to -12

0
) because of adverse pressure gradient. 
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Table (2): Experimental properties and behavior of flow between two blades in wind tunnel. 

 

Case Stagger 

angles 

in 

(degrees) 

Location of 

maximum velocity 

and minimum 

static pressure 

along section 1 

(%chord) 

Location of 

separation 

point along 

section 1 

(%chord) 

Location of 

flow 

deceleration 

along section 

2 (%chord) 

Pressure 

ratio 

1 4 43 - 87.3 1.08 

2 0 37.5 - 75 1.12 

3 -4 36 96 73 1.1 

4 -8 25 64 - 1.07 

5 -12 12 61 - 1.04 

 

     The total pressure distribution of flow between two axial compressor blades for different stagger 

angle is presented in figure (16) .This figure show that the fluid total pressure decreases as it 

passage from the inlet to the exit due to  friction losses. The total pressure losses increases when the 

stagger angle increases (in clockwise direction) and the maximum total pressure losses occurs for 

stagger angle (-12
0
) in separation region.  

       Figure (17) presents the pressure ratio distribution for stagger angles (4
0
, 0

0
,-4

0
, - 8

0
and -

12
0
). The pressure ratio decreases when the stagger angle increases and separation zone increases, 

see table (2). By using curve fitting method for this polynomial distribution, the concluded 

mathematical relationship between this pressure ratio and stagger angle for NACA 65_(12)10 axial 

compressor cascade is:                                                                            

 

iS

eS

p

p
=1.1057-0.0021θ-0.0007θ 2                                                                                                     (m). 

Where: θ: Stagger angle in (degrees).

iS

eS

p

p
: Pressure ratio.         

        By equating equation (m) to one, the range of stagger angle for NACA 65_(12) 10 axial 

compressor blade aerofoil is (from -18
0
 to 36

0
).  
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Fig.(13): Blade to blade configuration with taken three sections in flow passage. 
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                                Fig.(14): Velocity distribution for (0.125S, 0.5S and 0.875S). 
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                      (d) For stagger angle=-8.                                    (e) For stagger angle=-12.                    

                          Fig.(15): Static pressure distribution for (0.125S, 0.5S and 0.875S). 
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(d) For stagger angle=-8.                                            (e) For stagger angle=-12. 

Fig.(16): Total pressure distribution for (0.125S, 0.5S and 0.875S). 
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Fig.(17): Correlation of pressure ratio with stagger angles. 

* Smoke Tunnel Results: 

     To see the real view and stream lines of flow separation on blade surface, the blade tests in 

smoke tunnel for stagger angle (4 0 ,0 0 ,-4 0 ,- 8 0 and -12 0 ) are shown in fig.(18). The flow separation 

begins from the upper surface in stagger angle (-4 0 ).As the stagger angle increases, separation 

propagates towards the leading edge. 

                                                        Separation zone           Separation zone       Separation zone 

                            

           
     (A)                            (B)                               (C)                              (D)                              (E) 

Fig.(18): Stream line distribution on surface of axial compressor blade section NACA 65_ 

(12)10: (A) Stagger angle =4. (B) Stagger angle =0. (C) Stagger angle =-4. (D) Stagger angle =-

8. (E) Stagger angle =-12. 

 

COMPUTATIONAL RESULTS: 

     The operating and boundary conditions for the flow passage between two axial compressor 

blades are listed in Table (3). 

Table (3): Operating and Boundary Conditions. 

 

Case Stagger 

Angle 

in (degree) 

Inlet Velocity 

(m/s) 

Number 

of grid 

points 

Number of 

iterations to 

convergence 

CPU time 

in (min). 

 

1 4 35 5473 8398 73 

2 0 35 5573 7492 62 

3 -4 35 5528 8403 74 

4 -8 35 5440 8881 86 

5 -12 35 4888 1019 93 

    

     The velocity and static pressure contours of flow between two axial compressor blades for 

stagger angles (4
0
, 0

0
,-4

0
, - 8

0
and -12

0
) are presented in fig.(19) and (20). These figures show 

that the fluid flow being accelerated near and along suction side (upper surface of lower blade) up 

to a certain position, see the third column of tables (4). Then the flow decelerates to the exit for 

stagger angles (4
0
 and 0

0
) and to a certain position for stagger angles (-4

0
, -8

0
 and -12

0
), see the 
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fourth column of table (4), where the flow separates from the blade surface. The flow decelerates 

near and along the pressure side (lower surface of upper blade) from the leading edge to the tailing 

edge along the chord line for all cases. The velocity and static pressure remains constant in the mid-

space between the two blades from the inlet to the exit for stagger angles (-8
0
 and -12

0
) and to the 

certain position for stagger angles (4
0
, 0

0
 and -4

0
), see the fifth column of tables (4). Then the flow 

decelerates to the exit. The fluid flow being accelerated as it passes through the contracting flow 

area after that the flow being decelerated to the trailing edge. These phenomena prove that the 

suction side works as a nozzle-diffuser, the pressure side works as a diffuser and the blade to blade 

configuration works as a nozzle-diffuser. 

 

Table (4): Theoretical properties and behavior of flow between two blades in FLUENT. 

 

No. Stagger angles 

in (degrees) 

Location of maximum 

velocity and minimum 

static pressure near and 

along the suction side 

(%chord) 

Location of 

separation 

point near and 

along suction 

side (%chord) 

Location of flow 

deceleration 

along mid-space 

between blades 

(0.5S)(%chord) 

1 4 45 - 84 

2 0 36 - 81 

3 -4 35 98 74 

4 -8 22 65 - 

5 -12 12 63 - 

      

    The total pressure contours of flow between the two blades for stagger angle (4
0
, 0

0
,-4

0
, - 8

0
and 

-12
0
) are presented in fig.(21) .This figure shows that the total pressure decreases as it passes from 

the inlet to the exit due to  friction losses. The total pressure losses increases when the stagger angle 

increases (in clockwise direction) and the maximum total pressure losses occurs when stagger angle 

(-12
0
) in separation region due to increased friction losses and adverse pressure gradient.  

       The flow separation affects the performance of a cascade and hence, affects the compressor 

performance where the pressure ratio decreases when the separation zone increases. 

   

                                 (a)                                                                            (b)                                     
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                                     (c)                                                                        

 
                                                                           (e)                                                                                    

Fig.(19):Contours of velocity:(a) Stagger angle=4 0 . (b) Stagger angle=0 0 . (c) Stagger angle=-

4 0 . (d) Stagger angle=-8 0 .  (e) Stagger angle=-12 0 . 

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

                                  
                                                                         (e) 

Fig.(20): Contours of static pressure: (a) Stagger angle=4 0 . (b) Stagger angle=0 0 . (c) Stagger 

angle=-4 0 . (d) Stagger angle=-8 0 . (e) Stagger angle=-12 0 . 
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               (a)                                                                           (b)                                                      

   
            (c) (d) 

                                              
                                                                                    (e)                                            

Fig.(21): Contours of total pressure: (a) For stagger angle=4 0 . (b) For stagger angle=0 0 .  

(c) For stagger angle=-4 0 . (d) For stagger angle=-8 0 . (e) For stagger angle=-12 0 . 
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* Accuracy of Solution: 
       The FLUENT (V6.2) code is considered as a high accuracy computational fluid dynamics 

software package. Fig.(22) presents the distribution of residual and number of iterations for 

continuity, momentum and k-ε model equations and for stagger angle (0
0
and -8

0
). As the stagger 

angle increases, the number of iterations to convergence increases because the problem gets 

complicated when the flow separation occurs, see table (3). 

 

THE COMPARISON BETWEEN THE EXPERIMENTAL AND THEORICAL RESULTS: 

       The theoretical results obtained in this study by using FLUENT (V6.2) were compared with 

those obtained experimentally using the wind tunnel. Fig.(23) shows this comparison for the 

velocity in the three locations of interest for stagger angle (0 0 ).This figure shows good agreement 

between the theoretical and experimental results, where the flow behavior similar between these 

results and the range of different velocity between these results is(1-3)m/s.    

  

      
                (a) For stagger angle=0.                                               (D) For stagger angle=-8.           

Fig.(22): Distribution of number of Iterations to convergence and Residuals for stagger angle 

(4 0  and -8 0 ) 
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Fig.(23): The comparison of velocity distribution between the experimental results and the 

theoretical results.                                                                                                          



A.Kh. Al-Taie                                                                             Flow Separation Of Axial Compressor Cascade Blades 

    S. F.Habeeb 

 

 4894 

CONCLUSIONS: 

 1-The area between two axial compressor blades for NACA 65_ (12)10 works as a nozzle-

diffuser. 

 2-Smoke tunnel was successfully used to show separation of  flow from upper blade surface. 

 3-The flow separation was seen to start at a stagger angle of (-4 0 ) experimentally and 

theoretically. 

 4- The mathematical relationship between the static pressure ratio and stagger angle for 

NACA 65_ (12)10 axial compressor cascade is concluded by using curve fitting method for 

polynomial distribution.  

iS

eS

p

p
=1.1057-0.0021 -0.0007 2                                                                                                      (n). 

       The range of stagger angle for NACA 65_ (12) 10 axial compressor blade aerofoil is calculated 

from this relationship. It was found in the range (-18 0  to 36 0 ). 

 5- Total pressure was seen to reduce through the blade passage. It drops sharply for the 

separation zone. 

 6- FLUENT (V6.2) was used successfully to predict separation as compared to the 

experimental measurements in the wind tunnel and as compared with other works. 

NOMENCLATURE 

 

English Symbols 

 

Symbol Description Units 

C Blade chord line. m 

21,CC  Constants in turbulence model. m 

d, nd, zd Dimension of pitot static tube. m 

E Correction coefficient.  

E 0  Effect of static pressure holes distance. - 

Gk Production term of kinetic energy. kJ 

g Acceleration of gravity. m/s 2  

K Kinetic energy of turbulence. m 2 /s 2  

P Pressure. Pascal 

n Local coordinate normal to the wall. m 

Re Reynolds number. - 

S Space between two blades. mm 

x, y Coordinates in X and Y- directions. m 

U Velocity of air. m/s 

u, v, w Velocity components in x, y and z directions m/s 

 

Greek Symbol 

Symbol Description Units 

  Flow angle. degree 

  Blade angle. degree 

 Dissipation rate of turbulent kinetic energy. m 2 /s 2  

 Laminar viscosity. kg/m.s 

e Effective viscosity. kg/m.s 

t Turbulence viscosity. kg/m.s 
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 Kinematic viscosity. m 2 /s 

 Viscosity coefficients value. - 

 Stagger angle. degree 
 Density. kg/m 3  

k,  Effective prandtl numbers. - 

 Distance action from tube to wall. - 

H Tube head in manometer. o 
2
 cmH 

P Change in pressure. Pascal 

 

Superscripts 

 

Symbol Description 

' Fluctuating quantity. 

 

Subscripts 
 

Description Symbol 

Air. air 

Dynamic. d 

Static. s 

Static exit. se 

Static inlet. si 

Total. t 

Water. water 

Inlet conditions. 1 

Outlet conditions. 2 

 

Abbreviations 

 

 

 

 

 

 

 

 

 

 

 

Description Symbol 
Alternating Current Motor. A.C motor 
Computational Fluid Dynamics. CFD 

Figure. Fig. 

National Advisory Committee for Aeronautics. NACA 

National Aeronautics and Space Administration. NASA 

Simi – implicit method for pressure linked equations. SIMPLE 
SIMPLE – Specially Treated (Newly developed). SIMPLEST 
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ABSTRACT 

Thermohydraulic computer codes such as COBRA3C are now becoming in practical 

use as part of power plant licensing process. 

One of the areas of interest to reactor designer is the effect due to longterm operations 

and the changes that might occur either due to irradiation (burnup) effects or thermal stresses 

in the reactor. 

The present study is an attempt to predict coolant channel temperature profiles at the 

core End Of Life. In addition deeper insight is given to the individual single partial 

contribution to the changes in Begin Of Life and End Of Life profiles. The effects due to fuel 

swelling, rod bowing, and changes in physical properties are studied in details using 

COBRA3C code. 

The codes COBRA3C and the kinetic code AIREKMOD together a structure routine 

are joined in a modular system. As a result coupling between the different transient 

parameters in normal and abnormal operation conditions could be performed. 

Results of such coupling are shown to improve the prediction of DNBR. 

 
 :الخلاصة 

 COBRA3Cروليكية مثل المنظومة ية المستخدمة لمحسابات الثرموىيدلقد أصبحت المنظومات الحساب
 .تمدة عممياً كجزء من عممية ترخيص المحطة النوويةمع

إحدى الحقول الميمة لمصممي المفاعلات ىو التأثر الناتج من التشغيل الطويل الامد والتغيرات التي ربما 
 . أو نتيجة للاجيادات الحرارية داخل المفاعل ( الاحتراق)تحدث نتيجة تأثير التشعيع 

بالإضافة . باط توزيع درجات الحرارة في قنوات التبريد عند نياية عمر القمب الدراسة الحالية ىي محاولة لاستن
. في بداية وفي نياية عمر القمب  ةإلى ذلك أعطت ىذه الدراسة ضوء عميق عمى التأثير المنفرد لكل عامل عمى حد
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اوية تمت دراستيا تفصيمياً التغيرات في الخواص الفيزي, التأثيرات الناتجة عن تضخم الوقود ، انحناء اقلام الوقود 
بالإضافة إلى  COBRA3C و AIREKMODلقد تم ربط كل من البرنامج   . COBRA3Cبواسطة المنظومة 

نتيجة ليذا الربط أمكن دراسة تأثير العوامل المتغيرة في . حسابات التركيبية لموقود في نظام موحد الروتين يتم فيو 
 .  الحالات الغير مستقرة

 ( . DNBR) بالمنظومة الجديدة حسنت من حساباتاسة الدر نتائج   
INTRODUCTION: 

Thermal hydraulic margins are key determinants of plant operation flexibility and 

maximum attainable power rating and can therefore impact on plant availability and capacity 

factor. 

Operating limits are established to ensure acceptable fuel conditions under normal as 

well as during abnormal operational transients or accident events. Examples of parameters 

that have to be limited to achieve these ends are linear generation rate, departure from 

nucleate boiling ratio (DNBR). Calculation of these parameters requires a detailed core 

subchannel thermal hydraulic analysis to provide the flow and fluid enthalpy in various 

regions of the fuel assembly. The important subchannel analysis computer codes that are in 

use for licensing calculations are : COBRA-IV,FLICA ,HAMBO, and COBRA3C ( 

C.L.WHEELER. et.al, 1976)  , ( FAJEAU, M. , 1969) , ( BOURING,R.W, HAMBO , 1967), 

( ROWE.D.S. , 1973) . These computer codes have been checked against experimental data 

and proved to predict accurately the critical parameters required to react or design. 

A nuclear reactor operates for a long cycle (almost two years).During this time interval 

the reactor fuel is subject to drastic changes due to burnup and the presence of severe 

conditions of mechanical and thermal stresses beside the irradiation effects. 

All these longterm effects influence the reactor performance to a large extent.  

The longterm reactor behavior gains increasing importance with time. As a result, both 

experimental and computational efforts are spent to investigate the End Of Life (EOL) 

behavior because of its connection to reactor safety (PAUL.R, BETTEN, 1986), (HOFMAN 

et.al, 1980). 

In recent study, (PAUL.R, BETTEN 1986), some experiments with instrumented fuel 

assembly were irradiated for 22 months and removed after it reached 8.8% burnup, 

(30568MWd). A comparison between calculations at the Begin Of Life and End of Life 

power reduction shows discrepancies between measured and calculated assembly temperature 

profiles by COBRA-IV. The differences were attributed to bowing in fuel elements. 

      In the present study the subchannel code COBRA3C is used to simulate a pressurized 

water reactor PWR fuel assembly. The LOFT reactor is considered as our model reactor. 

Some of the longterm parameters affecting performance are introduced. The parameters are 

introduced separately; this way the effect on temperature profile at EOL could be easily 

identified the parameters studied are: fuel swelling, rod bowing, changes of power 

distribution due to heterogeneous burnup. 

Swelling, (MA .B.M. 1983), results from fission gas release during the fission process as 

well as fuel densification resulting from solid fission products. The direct effect of swelling is 

the change in the gap conductance. In case of severe conditions the fuel rod dimensions will 

increase at the expense of coolant channel dimensions. 

Bowing results from temperature gradients which affect the mechanical properties of fuel 

rods. Bowing affects flow and therefore has great effect on heat transfer between fuel rods 

and coolant. We are going to investigate the effects of the above factors on the reactor 

assembly temperature profiles. 
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In the course of the present work it was found necessary to intercouple thermohydraulic, 

kinetic and structure calculations. The efficient method of performing such coupling is 

through a modular system. Brief description of the method and the results obtained are 

presented in section VI. 

 

 

- PROBLEM MODELING IN COBRA3C: 

The model reactor used in the present study is the LOFT reactor. The LOFT reactor is 

designed to be representative of a large pressurized water reactor with reduction in power and 

size. 

The reactor operates with a power level 50 MW at 2330 psi pressure, and core 

temperature of 595°F. The fuel rods are 36 inches in length. 

The fuel enrichment is 2.27 and 4.95% of U235, The hottest assembly distribution layout 

with the section modeled in COBRA3C code are given in Fig. (1a). The assembly is 88 

rods. In Fig.(1.b) the large number refer to the rod numbering in the code input ,and the small 

ones refer to subchannel numbers. Details about the LOFT COBRA3C calculation are given 

in (AL AHMADY, 1988).  

The EOL power distribution of the hottest assembly is taken from neutronic calculation  

(AMIN .E.A. et. al, 1990). In this neutronic calculation a modified version of the diffusion 

burnup code FEVER-7 has been used. The modifications allowed for longterm behavior 

effects on fuel elements to be (AMIN .E.A. et. al, 1990) included during the burnup 

treatment. Fig. (2) gives the EOL power distribution as calculated by compared to that at the 

begin of life BOL. The rod region with higher power suffers higher burnup and the reduction 

in power is higher .This leads to a more uniform power distribution than at the begin of life, 

as is clear in Fig (2) .As a result to the previous effect the average power is closer to the 

regions of less power and the ratio pin power to average power increases for lower power 

regions.  

 

- FUEL TEMPERATURE CHANGES DUE TO BURNUP: 

The fuel burnup leads to changes in the axial and radial power profiles .Beside the 

reduction of the overall power, the power peaking tends to reduce with irradiation. The axial 

power profile after 2000 hours operation is shown in Fig (2) (with control rod out) together 

with the initial power distribution. 

The COBRA3C calculation with power distribution for the Begin Of Life and End Of 

Life are shown in Figs. (3) and (4). Fig. (4) gives the axial temperature profiles for the hottest 

pin. It is clear from this figure that the temperature tends to flatten with burnup. 

The temperature profi1es presented above the heat flux variation with burnup. The 

different burnup consequences are not considered in the COBRA3C calculation  

 

BOWING: 

 The results of reactor physics calculation reported by (C.L.WHEELER. et. al, 1976) 

showed that the maximum pin power is in the low enriched zone with power peaking factor 

of 1.6 and the highest pin power in the high enriched zone peaking factor of 1.51. 

The neutronic calculation in the same reference showed also that the largest rod power 

gradient occurs in the high enriched rod. 

The calculation for bowing prediction was performed as a result for this high enriched 

rod. 
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The calculation for bowing assumed that the fuel rod is a simply supported beam acted 

upon by bending moment. The resulted deflection could then be calculated .The assumption 

that temperature drop across the fuel pin is linear was also made. 

The bending moment due to linear temperature across a plane of the cladding was taken 

from the formula given in the LOFT design report to be: 

 

 

 
 

Where: 

Mt = thermal bending moment  

  = coefficient of thermal expansion 

Ro  = outside radius 

Ri  = inside radius 

E  = Young's modulus. 

 

The midpoint deflection of the fuel pin simply supported at both ends of the active fuel 

length was calculated to be 0.0155 inch. T was calculated for the different axial nodes from 

the COBRA3C calculation. 

For the bowing contribution to the HOT-spot, HOT channel-analysis, four rods are 

assumed to bow toward each other to give center to center dimensions of 0.530 inch. 

This value for the effect of bowing was introduced in the COBRA3C input, the resulting 

radial temperature profiles are is given in Fig. (5). 

It can be seen from the Fig. (5) that the effect of bowing is to increase the temperature. 

Since bowing is a longterm effect, it is most probable near the End of Life, its effect would be 

flattening of the temperature profile .It could be partially responsible for the power variation 

from BOL and EOL that is calculated from burnup alone. 

 

Swelling; Effect of Fission Gas Release: 

Irradiation swelling induced by inert gases of fission products in the oxide fuel is less 

severe than that in metallic fuel, yet in both cases it limits the fuel performances, in particular 

the burnup. 

Since the thermal properties of the fission gases are different from helium, the presence 

of the fission gases affects the-Heat transfer between the fuel and the clad. The COBRA3C 

calculations were performed once when the gap is filled with helium, in the second the gap 

was filled with fission gases. Published correlations (HOFMAN et.al, 1980), give the amount 

o       on     p o             x    ³gram-mole/megawatt-day. 

The results are shown in Fig. (6).The increase in temperature with the presence of fission 

gases in gap tends to saturation for high rod power. The maximum temperature increase in 

the rod central temperature amounts to 230° F. It was not possible in the present calculation 

to treat partial filled gaps, i.e. all the rods have the same fission gases. 

The axial temperature profile for the hottest rod is shown in Fig. (6). The fission gas 

release and fuel temperature are interconnected, and therefore the hotter rod parts increase in 

temperature more than colder parts. The rod surface temperature increases by 13°F. 

 

Coupling between thermohyraulic, kinetic and structure calculations: 

The most efficient and convenient method to couple thermohydraulic & kinetic and structure 

calculation can be achieved through a modular system. In the present system the codes 
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COBRA3C and AIREKMOD together with a structure routine are coupled in a modular 

system. 

The communications between different modules occur either through a main database or 

through the common area .The overlay programming structure is adopted to minimize 

storage. Detail description of the system is given by (E. AMIN, 1990). The coupling between 

the different modules is governed by the module sequence and the input control parameters. 

The following variations have been implemented in COBRA3C: 

- Restart option.  

- Heat flux profile varies with time.  

- Channel flow rate variation with time.  

- Gap thickness varies with time. 

 

The heat flux profile variation with time is obtained from AIREKMOD calculation, 

whereas the gap thickness, flow rate and pressure variation are obtained from the structure 

calculations. 

The restart option was found necessary in order to save the information from the 

previous time step. In this option all informations required are buffered out to the database 

and then read in the subsequent time step, together with the current information calculated by 

the other modules. 

The AIREKMOD kinetic code calculates the axial power profile variation during the 

transient event according to the local thermal hydraulic conditions given by COBRA3C and 

the reactivity coefficients. 

The variations in the AIREKMOO code to be implemented in the system are the restart 

option and the communication procedure with the system through the database and the 

common area. 

Results of calculations using the above coup1ing procedure are discussed in the 

following:  

Transients including partial loss of flow, anticipated transient without scram ATUS for 

the LOFT reactor is presented, The transient results in the reduction of the coolant mass flow 

rate from 100% to 90% with no scram occurring was run with and without AIREKMOD 

coupling. 

The normalized total reactor core power and the coolant mass flow rate histories are 

shown in Fig. (6). The transient was first run using the kinetic coupling; the output is then 

used in the thermohydraulic module. A second run was made without kinetic coupling; the 

results are shown in Fig. (7). The DNBR was calculated using the Westinghouse w-3 

correlation implemented in COBRA3C. The minimum axial values for both runs are given in 

Fig. (7).  

It is shown in this figure that using coupled calculation improves the prediction of 

MDNBR i.e. it tends to the conservative side. Fig. (8) gives the relative axial heat flux profile 

for different transient times. It is clear that the axial heat flux profile is suppressed as the 

transient progresses in the upper region of the core due to the negative void coefficient which 

is larger in this part of the core. 

The above results show, that using a fixed heat flux profile during the transient in the 

subchannel analysis codes introduces an inherent conservatism. The application of variable 

heat flux profile via kinetic codes removes this conservatism. 

Another important effect is the gap conductance effect on the fuel and clad surface 

temperatures.  
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Results of calculation showing the effect of gap conductance variation on fuel and clad 

temperatures is shown in Figs. (9) and (10). 

Both curves show that using dynamic gap conductance model i.e. allowing for gap 

thickness and conductance to vary with time gives higher values for both the clad and the fuel 

temperatures as the course of the transient progresses. 

 

 
 

Summary and Conclusions: 

In the present work the COBRA3C thermohydraulic subchannel analysis code is used to 

show the effects of longterm parameters on fuel performance. Although the parameters 

studied are interconnected, yet for the purpose of identifying the single effects, they were 

considered to be independent. It has been shown that not only the burnup but the swelling and 

bowing could have relevant effects on the temperature distribution. In the present treatment 

each variation in the parameter studied needed new run for the code. 

Coupling between thermohydraulic, kinetic and structure codes have been achieved 

through a modular system. Changes in both the codes COBRA3C and AIREKMOD have 

been made and a structure routine is written. It was therefore possible to study both steady 

state and transients. The present study gave quantitatively the effects of bowing and swelling 

in both cases. 

The system developed in the present study is a good tool to obtain the influence of 

coupling calculation during transients. 
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Fig.(1.b) Sub-channel Layout For A 1/8 Section of 
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Fig.(2): Axial Power Profile For Begin Of Life and End Of Life  (2000EFPH). 
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Fig.(3): Radial Temperature Profile and Effect of Burnup for the Hottest Rod. 
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Fig. (4): Effect of Burnup on Axial Temperature Distribution For the Hottest Rod. 
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Fig.(5): Hottest Channel Axial Temperature Distribution and The Effect of Bowing. 
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Fig.(6): Axial Temperature Distribution and The Effect of Swelling. 

 

 

Fig.(7): Partial Loss of Flow ATWS Transient : 

(a) Total Core Power 

 (b) Total Core Mass Flow Rate 
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Fig.(8): Partial Loss of Flow ATWS Transient MDNBR for Transient With and Without 

 Kinetic Coupling. 

 

 

Fig.(9): Normalized Axial Heat Flux Profile at Time Steps 0 and 10 Seconds. 
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Fig.(10): Transient Peak Fuel Center Node Temperature: 

(a) Fixed Gap Conductance. 

(b) Dynamic Gap Conductance. 
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ABSTRACT 

      The coupled treatment (conjugate numerical methodology) allows the simultaneous solution of 

the external flow (steady, two dimensional, compressible and turbulent flow) and conduction within 

the metal (steady, two dimensional) of gas turbine nozzle guide vane (with and without internal 

convection cooling). Validation of the developed conjugate capability is investigated in the present 

work.   

      The numerical results were compared with experimental results for steady, two dimensional, 

compressible and turbulent flow through the gas turbine nozzle cooling guide vane type (NASA-

C3X), and the results were found to be in good agreement with experiments by )Hylton 1983).  

      The study shows that the (conjugate numerical methodology) gives good and more accurate 

results than the un-coupled treatment. It also shows that the cooling of the vane reduced the thermal 

stresses which are focused in the trailing edge of the vane for being thin. Moreover, the cooling 

flow inside the passages of the vane reduced the temperature of vane body and that gives longer life 

to the vane for the same Turbine Inlet Temperature (TIT) and efficiency. Otherwise, it gives higher 

Turbine Inlet Temperature and high efficiency if one chose to keep same life of the vane.  

       Finally, the present study shows that the conjugate heat transfer simulation is a good tool in gas 

turbine design, and it serves as base future work with more complex geometries and cooling 

schemes for turbine blade.  

   

:الخلاصة  

ىيثخىذ   ىَتذخقص   )ىخثقيذ   زضذة  يذ  نذيِ  قذو  ىنصيذخُ  ىدذخش ي(  ىطصيقذ   ىدرذيذ   ىَطذة ذ )  سذخدر ً  في هذس   ىحثذ  تٌ       

صيشذ   ىخذبشنيِ  ىَب  ذ  ى ( ىيثخىذ   ىَتذخقص   ىثْخئيذ   زندذخذ ) ىنطء ىصذي  ة ( ىثْخئي   زندخذ ة زّضذاخيي  ةىينصيذخُ  ىَضذطص 

 ُ  ىْخخئج  ىدرذيذ  ى ذس   ىرش سذ  قذر قبشّذن ٍذج ّخذخئج لَييذ  ىيثخىذ   ىَتذخقص   ىثْخئيذ   .ةغيص  ىَحصذ  ذ خييخ نخىثَو َحصذ ىينصيخُ  ى

، ةقذر   (NASA-C3X)ةٍذِ ّذب    زندخذ ة زّضاخيي  ةىينصيخُ  ىَضطص  خلاه شيشذ   ىخذبشنيِ  ىَب  ذ  ىينصيذخُ ة ىَحذصذ 

 .(Hylton 1983) نب سط  ج  ىثخى   ىدَيي ة رت  ىْخخئج نخّ خ ز ت تب ف   ير ٍ

تدطي ّخخئج  مثص ذقذ  ٍذِ  ىَدخىنذ  غيذص  ىَطذة ذ  ةمذسىل نيْذن  ىرش سذ  (  ىطصيق   ىدرذي   ىَطذة  ) ىقر نيْن  ىرش س  نخُ        

 ىَْطقذ  تنذبُ ّثي،ذ ، ى  نخُ  ىخحصير ىيصيش  يقيو ٍِ  ز  خذت  ىثص شي   ىَخَصمط  في ّ خي   ىصيش  ىنبُ شيش   ىخبشنيِ فذي هذسٓ 

 خّ  زىل  فأُ  ىنصيخُ  ىر خيي  ىَحصذ ىيصيش  يتح  ّقصخُ في ذش    ص ش   تٌ  ىصيش  ةهس  ٍخ يذدذ   ىذ  ضيذخذ  لَذص  ىصيشذ  
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ةىْ،س ذش    ص ش   ىرخبه  ىنيي  ىيصيش  ة م،خء   ىَثصك  ىخبشنيْي، ةمسىل ٍِ  ىََنِ ضيخذ  ذش    ص ش   ىرخبه  ىنيي  ىيصيش  

 .نخىخخىي ضيخذ  م،خء   ىَثصك  ىخبشنيْي ة ىْ،س لَص  ىصيش ة

هذي  ذ    يذر  فذي تصذَيٌ  ىَثذصك  ىخذبشنيْي، ةهذي تدذرً (  ىطصيقذ   ىدرذيذ   ىَطذة ذ ) ة خيص ، نيْن  ىرش سذ   ىثخىيذ  نذخُ        

 .    ىدَو  ىَتخقحيي ٍج  زشنخه  ىَدقر  ةيصق  ىخحصير  زخصى ىصيش  ىخبشنيِ

INTRODUCTION 

      Advanced gas turbine engines operate at high temperatures (1200-1400°C) to improve thermal 

efficiency and power output. As the Turbine Inlet Temperature (TIT) increases, the heat transferred 

to the turbine blades also increase. The level and variation in the temperature within the blade 

material (which causes thermal stresses) must be limited to achieve reasonable durability goals. The 

operating temperatures are far above the permissible metal temperatures. Therefore, there is a need 

to cool the blades for safe operation. The blades are cooled by extracted air from the compressor of 

the engine. Since this extraction incurs a penalty to the thermal efficiency, it is necessary to 

understand and optimize the cooling technique, operating conditions, and turbine blade 

configuration. 

        The continuous increase in turbine inlet pressure and temperature definitely require reliable 

and accurate predictions of the main stream aerothermal characteristics and of the heat loads 

imposed to the blades so that a good design from a thermal point of view might allow a higher inlet 

temperature, less cooling air or a lighter design, thus increasing the performance or efficiency of the 

turbine and resulting in a longer engine life (Qingluan Xue 2005).   

       In several industrial applications it is becoming necessary to accompany the computation of 

flow and associated heat transfer in the fluid with the heat conduction within the adjacent solid. The 

coupling of these two models of heat transfer has been identified by the name ―conjugate heat 

transfer‖ in the relevant literature. Typical applications where conjugate heat transfer effects can 

become important are, among others, the cooling of turbine blade, and cooling of electronics.  

       A conjugate numerical methodology used to predict the metal temperature of two or three-

dimensional gas turbine stator blade (vane) or rotor blade. The conjugate heat transfer approach 

allows the simultaneous solution of the external flow, internal convection, and conduction within 

the metal vane or blade, eliminating the need for multiple, decoupled solutions, which are time-

consuming and inherently less accurate when combined (Canelli et al 2003). 

 

AIM OF WORK 

       Predict the flow and the metal temperature through gas turbine nozzle guide vane (with and 

without cooling) of an axial flow turbine stator by using the fully-coupled approach (conjugate 

numerical methodology) by FLUENT code.  

  

MATHEMATICAL MODEL 

Assumptions 

In order to adopt an applicable computational method, some assumptions are made: 

 The entering fluid flow is a perfect gas, Newtonian, uniform, turbulent, and compressible. 

 The fluid field is steady, adiabatic, ir-rotational, single-phase, and shock free. 

 Cartesian coordinate system is used. 

Domain Description  

The computational domain and the boundary conditions (B.C) that considered in the present 

work are shown in figure (1): 
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        The compressible turbulent flow through gas turbine nozzle guide vane with and without 

cooling was predicted by solving numerically the two dimensional continuity and Navier-Stokes 

equations. Unstructured (triangle element) grid generation is adopted by using (GAMBIT code). 

Finite volume method with differencing scheme for diffusion term and up-wind scheme for 

convection term is employed to discretize the flow domain in the relevant transport equations. A 

SIMPLE algorithm pressure based method with collocated grid arrangement and (Rhie and Chow 

1983) interpolation are employed to find the coupling of the pressure-velocity field. The Cartesian 

velocity components are used as the main dependent variables for the momentum equations. The (k-

) turbulence model is used to close up the system of the momentum differential equations. In order 

to account for the compressibility effects, an equation of state and up-winding scheme is used to 

interpolate the density at control volume faces. Discretizing the governing equations (continuity, 

momentum, and energy) of fluid flow results in a system of linear algebraic equations, which are 

solved by Algebraic Multi-Grid Solver (AMGS). The fully-coupled approach between the flow and 

the solid vane was used. Conjugate heat transfer B.C for the external wall surface (for the solid 

vane) and constant wall temperature for internal convection cooling holes was used, and another 

type of B.C for the computational domain is shown in fig. (1). The Fourier equation for heat 

diffusion was solved in the solid zone (solid vane). The present simulations were run using the 

FLUENTTM 6.1.18 code from FLUENT INC., Inc. 
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           Solid Surface B.C. 

      (Constant wall temp. B.C) 

 

           Solid Surface B.C. 

      (Insulated wall thermal B.C) 

 
           Solid Surface B.C. 

      (Constant wall temp. B.C) 

 

Periodic B.C. 

Periodic B.C. 

Fig. (1): Computational domain and the boundary conditions                          

     of the flow through gas turbine nozzle guide vane with cooling. 
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Governing Equations  

The general form of three-dimensional instantaneous governing equations of mass and 

momentum for unsteady, viscous, and compressible flows written in tensor conservation form 

expressed in Cartesian coordinates system (Wang and Komori 1998). 

Continuity Equation: 

  )1(-0 



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
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Momentum Equation: 

    )2(
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Where tij is the viscous stress tensor, defined by: - 

)3(
3

2
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The Kronecker delta ( ij =1 if i=j and ij =0 if ij) 

Energy Equation: 

    )4(
2

2
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  Where, h  is the specific enthalpy. jql  is the laminar heat flux vector, which is obtained from 

Fourier's law. This is:- 

  

 

K  is the thermal conductivity, and pC is the specific heat capacity at constant pressure. lPr , is the 

molecular Prandtle number defined by:- 

        )6(Pr 
K

Cpl


 

State Equation: 

)7( RTP   

 

Reynolds-Averaged Navier-Stokes Equations 

The turbulence model used in this study is based on averaging of the instantaneous equations. 

In order to time and mass average (Reynolds averaged) the conservation equations the various flow 

properties are decomposed as follows: - 

)5(
Pr
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)8( a
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Neglect the fluctuating terms the turbulence structure remains unchanged, so Equation (8a) 

become (Wang and Komori 1998): 
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        Substituting equations (8b) into equations (1), (2), (4) and (7).The time/ mass averaged mean 

equations of continuity, momentum, energy, and state can be written as (Wang and Komori 

1998):- 

Continuity Equation 
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Momentum Equations 
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 Where ij  is the averaged Reynolds stress tensor, defined as: - 

)11(
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 jiij uu  

 

This will be determined from the Boussinesq Eddy Viscosity Model using the (k-) turbulence 

model [Jones and Launder (1972)]. The Reynolds stress tensor will be: - 
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Where k  is the averaged turbulent kinetic energy defined as: - 
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And t  is the turbulent eddy viscosity expressed as: - 
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Where C is constant ( 09.0C ) [Launder and Spalding (1974)].   is the averaged 

dissipation rate of turbulent kinetic energy, defined as:- 
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Energy Equation 
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Where: 
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        qt  is the turbulant heat flux vector defined as: - 
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tPr , is the turbulent prandtl number that has different value for different flow. For gases, most 

common values suggested is 0.9 in the case of the boundary layer [Wang and Komori, (1998)]. 

 

State Equation 
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Turbulence Model (k-) Equations 

The transport equations of k and  are formulated and modeled as in [Wang and Komori 

(1998)]: 

 

Equation of Turbulent Kinetic Energy (k): 

     )18(













































 k

jk

t

j

j

j

G
x

k

x
ku

x
k

t
 

Where ( k ) is constant with value ( 1k ), Gk is the production of turbulent kinetic energy 

(generation term) defined as: - 
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Substitution of ( ij ) from equation (12) into equation (19) gives: 
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Equation of Dissipation of Turbulent Kinetic Energy (): 
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Where ( 1C ), ( 2C ) and (  ) are empirical constants and they having the following values, 

[Launder and Spalding (1974)]: - 

,44.11 C                       ,92.12 C                               3.1  

         Fourier equation for heat diffusion (solid vane) 

     

       

 

 

Boundary Conditions Equations 

       Boundary conditions specify the flow and thermal variables on the boundaries of the physical 

model. The boundary conditions types that used in the present work are shown in figure (1) and the 

equations of these boundary conditions are formulated and modeled as in (Veresteeg & 

Malalasekera, 1995) and (Launder and Spalding, 1974). 

  

RESULTS AND DISCUSSIONS   

        The first view of geometry configuration and grid distributions are shown in Figs. (2) and (3). 

The computational domain has been discretized with 4362 nodes for fluid zone and 344 nodes for 

solid zone for gas turbine nozzle guide vane without cooling as shown in fig. (2), and 4362 nodes 

for fluid zone and 990 nodes for solid zone for gas turbine nozzle guide vane with internal 

convection cooling as shown in fig. (3), with unstructured grid generation, triangle elements by 

GAMBIT code from FLUENT.  

       The main stream operating condition was simulated for subsonic flow and the B.C set to give 

the same condition as in experimental work by (Hylton 1983), where, Hylton reported average 

Mach number at the vane trailing edge plane at the midspan, and that Mach number was converted 

to average static pressure by using isentropic flow relations. The operating condition and the B.C 

for the simulation of the flow through gas turbine nozzle guide vane is shown in Table (1).The vane 

material properties is shown in Table (2). The thermal boundary on each internal cooling channel is 

explicitly specified temperature values based on experimental data by (Hylton 1983). Table (3) lists 

the diameters and temperatures of each cooling hole. The hub and tip walls are moduled with no-

slip and adiabatic conditions. 
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        The velocity and Mach contour is shown in figure (4) and figure (5). In this figure (4), the flow 

speed sees high along the suction side near the leading edge. The maximum velocity in the vane 

passage is at the position about (25-30 %) from the suction side distance from the leading edge. In 

the pressure side, the velocity is low until (30-35 %) from the axial chord distance from the leading 

edge, and then the flow is accelerated toward the trailing edge. The contour of pressure is shown in 

figure (6). Figure (7) shows the temperature contour of the flow through gas turbine nozzle guide 

vane and inside the solid guide vane with cooling.     

 

       For the mainstream condition, the flow field is examined and then heat transfer.  Fig. (8) and 

Fig. (9) shows the pressure distribution at wall of the vane midspan. On the suction side, the 

pressure falls rapidly from the stagnation line at the leading edge and then reaches to the minimum 

value at (25-30 %) from the axial chord length, and after that the pressure is increase to the trailing 

edge but in small range. On the pressure side the flow is still near to the total pressure ( P ) from the 

leading edge until reached to (40-50 %) from the axial chord and then decrease toward the trailing 

edge. Fig. (10) and Fig. (11) shows the temperatures distribution at wall of the vane midspan 

(without and with cooling). 

         

       The results show a good agreement with experimental data by (Hylton 1983) as shown in 

figure (12) and figure (13). 

 

       The heat transfer is investigated with and without cooling van. The temperature dimensionless 

distribution ( o

wall TT /  ) on the external surface at the midspan of the vane is plotted as shown in 

figure (12). This figure contains the comparison of the temperature distribution at the external 

surface of the vane with cooling that resulted by using (The Conjugate Methodology) with the 

experimental value by (Hylton 1983). The results show a good agreement with experimental data.         

    Figure (13) shows the comparison between the coupled and decoupled treatment of the static 

pressure on the suction and pressure side on the wall of gas turbine nozzle guide vane with cooling, 

with the experiment values by (Hylton, 1983).In this figure, the coupled treatment is more accurate 

than the decoupled treatment and that can be see clearly in suction side. 

       

CONCLUSIONS 

 Using unstructured grid generation, triangle elements by GAMBIT code from FLUENT 

with Cartesian velocities as the dependent variables and collocated grid arrangement gave an 

easy solution to the problem. 

 Introducing the concept of collocated grid arrangement by (Rhie and Chow 1983), with 

contravariant velocities implicitly in the discretized momentum equations simplifies the 

discretization of the flow equations. 

 Conjugate numerical method is a good method and gives a good accuracy in prediction the 

temperature distribution over and inside gas turbine nozzle guide vane (NASA-C3X) 

without and with cooling where, the predicted mid-span temperature distribution on the vane 

external surface was in reasonable agreement with experimental data by (Hylton 1983). 
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 The cooling method of the gas turbine nozzle guide vane by the internal convection circular 

cooling passages in the present work gives more life to the vane materials by decreasing the 

thermal stresses and for the same  design  life it  gives  more efficiency for the  gas  turbine  

by  increasing  the  temperature at the inlet of  guide  vane (TIT).  

 

  The metal temperature everywhere was much closer to the temperature in the passage free 

stream than   the coolant temperature. This was due to the fact that the thermal resistance 

due to internal convection was much greater than the resistance of the external convection or 

the conduction within the metal. 

 The results were found to be in a reasonable agreement with experiment by (Hylton 1983). 

 

NOMENCLATURE 

Latin Symbols 

Symbol Description 

Cp specific heat capacity at constant pressure (J/kg K) 

C,C1,C2 Constants in the k- model   

Gk Production term of kinetic energy 

h Enthalpy (J) 

K  thermal conductivity 

k Turbulent kinetic energy 

Lc Characteristic length of turbulence 

M Mass flow rate (kg/s) 

P Pressure (Pa) 
P  Total Pressure (Pa) 

lPr  Molecular Prandtle number 

tPr  Turbulent prandtl number 

jql  Laminar heat flux vector 

qt  Turbulant heat flux vector 

R Gas constant (J/kg.K) 

Re Reynolds number 

S Pitch or vane spacing 

tij Viscous stress tensor 

T Temperature (K) 
T  Total Temperature (K) 

wallT  Wall Temperature (K) 

Tu Turbulent intensity 

X Axial coordinate in the physical domain 

Y
 

Pitchwise coordinate in the physical domain 
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Greek Symbols 

Symbol Description 

 Dissipation rate of turbulent kinetic energy 

 Laminar viscosity 

T Turbulent eddy viscosity 

 Density  

k,  Effective Prandtl numbers 

ij Reynold’s stress tensor 

Subscripts 

Symbol Description 

i,j Index counter in computational plane 

s Static 

x,y Partial derivative in the physical plane 

Superscripts 

Symbol Description 

 Fluctuating quantity in time- Mass averaging or correction quantity 

 Averaged quantity 

° Total 

Abbreviations 

Symbol Description 

AMGS Algebraic Multi-Grid Solver 

LE Leading Edge 

SIMPLE Simi-Implicit Method For Pressure Linked Equations 

TE Tailing Edge 

TIT Turbine Inlet Temperature 
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Table (1) Operating and Boundary Conditions  

Case  Ma 
  

LE 

 Ma 
      

TE 

M 

(kg/s) 

 

Re T  
(K) 

P  
(bar) 

Ps exit 

(bar) 

Tu 

(%) 

Lc 

(m) 

No. of 

Iteration 

to 

converge 

Approx. 

Time to 

converge 

(minute) 

1 0.17 0.88 1.15 6109.1  796 3.2 0.88 6.5 0.32 4320 45 

2 0.15 0.76 1.15 6109.1  796 3.2 0.88 6.5 0.32 4000 40 

Case 1: Turbulent compressible flow through turbine vane with internal convection cooling.  

Case 2: Turbulent compressible flow through turbine vane without cooling. 

 

 

 

Table (2) Property of the solid vane (ASTM type 310 stainless steel) 

Property of the solid vane 

 

The values 

 

density (  ) 7900 kg/m3 

specific heat ( Cp ) 586.15 J/ (kg. K) 

thermal conductivity (K) 17.0 W/(m. K) 

 

  

 

Table (3) Cooling Channel, Diameter, and Temperatures (K) 

Holes 

No. 
1 2 3 4 5 6 7 8 9 10 

Diameter(cm) 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.31 0.31 0.198 

Temperatures 

(K) 

 

549.6 549.6 538.5 525.7 556.3 559.6 567.4 590.7 629.7 645.3 
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Figure (2): Flow through gas turbine nozzle guide vane without cooling, triangle 

elements, and computational grid system =4362 grid for fluid zone and 344 grids 

for solid zone (GAMBIT code by FLUENT). 
 

2 

Figure (3): Flow through gas turbine nozzle guide vane with cooling by ten 

circular holes, triangle elements, and computational grid system =4362 grid 

for fluid zone and 990 grids for solid zone (GAMBIT code by FLUENT). 
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Velocity m/s 

Figure (4): Velocity contour and velocity vector for steady, 2-D, 

turbulent, and compressible flow through gas turbine nozzle guide 

vane at midspan (with cooling). 

 

Figure (5): Mach contour for steady, 2-D, turbulent, and 

compressible flow through gas turbine nozzle guide vane at midspan 

(with cooling). 

. 
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Figure (6): Pressure contour for steady, 2-D, turbulent, and 

compressible flow through gas turbine nozzle guide vane at 

midspan (with cooling). 

 

 

Temperature (K) 

Figure (7): Temperature contour for steady, 2-D, turbulent, and 

compressible flow through gas turbine nozzle guide vane at midspan (with 

cooling). 

 

Pressure (Pa) 
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Figure (8): Pressure distribution for steady, 2-D, turbulent, and 

compressible flow at gas turbine nozzle guide vane wall at the 

midspan (without cooling). 
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Figure (9) Pressure distribution for steady, 2-D, turbulent, and 

compressible flow at gas turbine nozzle guide vane wall at the 

midspan (with cooling). 
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Figure (10): Temperature distribution for steady, 2-D, 

turbulent, and compressible flow at gas turbine nozzle guide 

vane wall at the midspan (without cooling). 
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Figure (11) Temperature distribution for steady, 2-D, turbulent, 

and compressible flow at gas turbine nozzle guide vane wall at the 

midspan (with cooling). 
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Figure (12): Experimental and predicted temperature 

distribution ( o

wall TT / ) for steady, 2-D, turbulent, and 

compressible flow at gas turbine nozzle guide vane wall at 
midspan (with cooling). 

 

xCx /  

o

wall TT /  

●●    Experiment. (Hylton, 1983) 

         Computation.  
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Figure (13) Experimental and predicted pressure distribution 

(
o

wall pp / ) for steady, 2-D, turbulent, and compressible flow at gas 

turbine nozzle guide vane wall at midspan with coupled and 

decoupled treatment (with cooling). 

 

o
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●● ●● ●●       Experiment. 

                       Comp. coupled  

                       Comp. decoupled.  
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ABSTRACT 

             The stresses and deflections in robot arm was analyzed using ANSYS software package. 

Industrial robot analyzed in this work consists of three arms that have 2-DOF. The analysis of each 

arm had been made separately.                                                                                                                                                                   

The maximum stress and deflection have been analyzed for a static applied at one end of the arm 

while has the other end fixed. Links of various cross-sections having same masses, length, and 

material properties to make a choice of the shape that gives a high stiffness to weight ratio have 

been examined. After specifying the best section for the arms of the robot an optimization process 

began to determine the dimensions of the arms sections which give the least deformation this had 

been done by the aid of a program build up by using the MATHCAD software package. In the 

beginning the program finds the optimum section in which the stress in the members not exceeds 

the allowable stress and finds the total weight of the robot after that the program begins to change 

the dimensions to satisfy the condition of minimum deflection of the whole robot after that the 

program estimates the best choices of the dimension for each section that gives the minimum 

weight and deflection.       

The dynamic behavior of the best chosen structure of industrial robot was studied to find the natural 

frequencies   ( nw  ) and mode shapes. 

The result shows that the hollow circular section is the best section for the first link while a square 

section is the best section for the other two links. 

 

 الخلاصة
 

ىخحيٞو الاجٖاداث ٗاىخشٕ٘اث فٜ ( ANSYS)حٌ اسخخذاً طشٝقت اىؼْاصش اىَحذدة فٜ ٕزا اىبحث بالِاسخؼاّت ببشّاٍج

ُ ٍِ ثلاثت ارسع را دسجخِٞ ٍِ اىحشٝت, رساع اىشٗب٘ث ّ٘  .ٗحٌ ححيٞو مو رساع ػيٚ الاّفشاد, حٞث حٌ ححيٞو ٗدساست سٗب٘ث ٍن

حٞث حٌ اخخٞاس ٍقاطغ ٍخخيفت , ىؼظَٚ ّخٞجت اىق٘ٙ اىسامْت اىَؤثشة ػيٚ اىطشف اىحش ىيزساعحَج دساست الاجٖاداث ٗاىخشٕ٘اث ا

ٗبؼذ اُ . لارسع اىشٗب٘ث ٗاىخٜ ىٖا ّفس اىنخيت ٗاىط٘ه ٗاىَؼذُ لاجو اخخٞاس افضو ٍقطغ ٗاىزٛ ٝؼطٜ ّسبت ٍخاّت اىٚ ٗصُ ػاىٞت

لاجو ححذٝذ أبؼاد اىَقطغ اىزٛ ٝؼطٜ ( OPTIMIZATION)ثيٞتحٌ ححذٝذ افضو ٍقطغ ىزساع اىشٗب٘ث قَْا باجشاء ػَيٞت الاٍ

 (.MATHCAD)اقو حش٘ٓ حٞث حٌ الاسخؼاّت ببشّاٍج ٍنخ٘ب ب٘اسطت اه

اىبشّاٍج فٜ اىبذاٝت حذد اىَقطغ الاٍثو اىزٛ ٝنُ٘ فٞٔ الاجٖاد اقو ٍِ اىحذ الاقصٚ اىَسَ٘ح بٔ ٗبؼذٕا حٌ اٝجاد ٗصُ ٕٞنو 

بخغٞشالابؼاد لاجو حقيٞو اىخش٘ٓ اىنيٜ ػْذ ّٖاٝت رساع ااىشٗب٘ث حٞث حٌ ححذٝذ ابؼاد افضو ٍقطغ  اىشٗب٘ث ٍِٗ ثٌ ٝقً٘ اىبشّاٍج

 .َٝيل اقو ٗصُ ٗحش٘ٓ

 .مَا ٗحٌ دساست اىسي٘ك اىذْٝاٍٞنٜ ىيٖٞنو الاٍثو ٗححذٝذ شنو الاط٘اس ٗاىخشدداث اىشّْٞٞت

ذائشٛ اىَج٘ف اٍا اىزساع اىثاّٜ ٗاىثاىث فالافضو ٕ٘ اىَقطغ اىْخائج بْٞج بأُ افضو ٍقطغ ىيزساع الاٗه اىؼَ٘دٛ ٕ٘ اىَقطغ اى

 .اىَشبغ اىَج٘ف
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INTRODUCTION 

Industrial manipulators usually consist of a rigid kinematics chain built up of several rigid 

links which are connected by direct driven linear or rotational joints in order to move high payloads 

with high speed and high position accuracy. The slackness in the gears as well as the deformations 

in the links, which occurs under load, must be eliminated. This can only be reached using rigid joint 

actuators and rigid links resulting in heavy structure. 

            Rigid link manipulators require height stiff structures to achieve high accuracy and low 

inertias. 

General handbooks to aid in the design of manipulator exist in literature (Rivin 

1988&Shimon1999). Analysis of stiffness of manipulator links can be found in (Rivin 1988) and 

(Leu et al. 1985), optimization techniques and calibration techniques have been used to correct 

errors in accuracy. 

            Robot designers have attempted to systematically develop analytical criteria for the design 

of critical components. For example (Fresonke et al. 1993) has set analytical criteria for the 

deflection prediction of serial manipulators. (Henessey et al. 2000) has demonstrated the design of 

a light weight manipulator arm while (Williams et al.1993), has demonstrated the design of an 

isotropic six-axis manipulator arm. (Rivin 1988) has compared a variety of structural material used 

in manipulator arms and has studied critical design components. Fault-tolerant method for 

manipulator-joint development was introduced by (Wu et al. 1993), while the design of fault 

tolerant manipulators was addressed by (Paredis 1996). 

            Prismatic joints of manipulator arms based upon across sectional design of the links that 

provides a high stiffness to weight ratio compared with a hollow round cross-section has been 

addressed by (Abdelmalek 1998). 

(Alazard, 1992) describe three different techniques to build up the dynamic model of SECAFLEX, 

a 2-DOF flexible in plane manipulator driven by geared Dc motors, they study the effect of angular 

configuration changes and physical parameters modifications and shows that the three techniques 

give similar result up to the first flexible modes of each link when concentrated masses and inertias 

are present. 

(Shiakolas et al. 2002) discussed optimum robot design based on task specifications using 

evolutionary optimization approaches, these approaches were used for the optimum design of 

SCARA and articulated 3-DOF PUMA type manipulators. 

        The process of optimal design of robots having stochastic model parameters (e.g. material, 

geometry or load) had been viewed by (Haubach 2002) as a stochastic structural task, using 

flexible structures; the goal is the minimization of the total weight of the robot under certain 

constraints concerning the deviation between the actual and the prescribed path in workspace. 

        The work of (Marcus et al. 2004) presents an optimization procedure which shows how 

optimization can be used in the early phases of a development process in order to evaluate the 

potential of a concept. The objective in the optimization is to determine optimal gearboxes and arm 

lengths from an acceleration capability perspective. The arm lengths are treated as continuous 

variables where as the gearbox are selected from a list of available units. The object of their work is 

a 3-DOF robot modeled in the mathematics program and optimized using the complex optimization 

algorithm. 

        In this work a comparison had been made between five candidate sections (square, circular, 

two vertically tube, two horizontally tube and tri tube) to chose the best section for constructing a 

three arm robot manipulator that has 2-DOF. Analysis had been done by using ANSYS software 

package and its results are compared with those obtained by the traditional ways used in strength of 

materials and by the aid of MATHCAD software. An optimization problem for the dimensions of 
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the cross section had been analyzed to get the best construction that has the minimum weight and 

with stand the given payload and gives a minimum deflection. 

 

 

PROBLEM DEFINITION 

When a robot is assigned to carry a payload, certain stress distribution develops along the 

arm. The characteristics of this stress depend on the material, the geometrical design of the robot 

arm and other external factors such as the interaction of the robot with the environment. It is 

necessary to know what the most critical configuration is in order to optimize the robot design. 

Although it depends on the overall kinematics’ design of each robot in general this position 

corresponds to the configuration where the arm is fully extended so that the moment arm is 

maximized. 
 

DESIGN THEORY 

The types of stresses subjected on the robot arm are bending (neither shear nor torsion). So 

a good criteria evaluator (for general and particular cases) that compiles them is the Von Misses 

theory. The Von Misses failure criterion is a theory based on the distortion energy in a given 

material; it is the energy associated with changes in the shape of the material. A given component is 

safe as long as the maximum value of the distortion energy per unit of volume in the assigned 

material remains smaller that the distortion energy per unit volume required causing yield in a 

tensile-test specimen of the same material. This theory later will be used to secure that no failure 

will occur in any of the arms (links). 

Most manipulator link cross-sections are hollow. Hollow links provide convenient conduits 

for electric power and communication cables, hoses, power transmission members, etc.  

In this research a different hollow cross-section is introduced, consisting of square, three 

tubes centered on the vertices of an equilateral triangle (this cross section is referred to as a tri-tube 

configuration), two horizontally tubes (this cross section is referred to as a 2H-tubes configuration), 

cylindrical link (will be referred to as a uni-tube configuration), and two vertically tubes (this cross 

section is referred to as a 2V-tubes configuration). As shown in Fig. (1) 

Links with an open end manipulator are normally modeled as cantilevers .As shown in Fig. (2). 

 

 

 

 

 

 
 

 

 

 

  

 

 

 
Fig. (1) Type of sections studied  

(a) Square Cross-Section,  (b) Tri-Tube Cross-Section,  (c) Two Vertically-Tube Cross-

Section, (d) Two Horizontally-Tube Cross-Section, (e) Uni-Tube Cross-Section 
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Fig(2) Forces on Modeled Arm 
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Where: 

         
AA

M Bending moment at the third arm 

         
3

m   Payload =10kg 

           g   Specific gravity 

          
3

q    Weight per unit length of third arm 

When x=L bending moment is maximum [8] 
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Where: 

          
3

  Bending stress at the third arm 

            I  Second moment of the cross-sectional area 

           Y  Centroid-moment of the cross area 

Substituting equation (2) into (3) gives the equation below: 
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    AgAq  
3

                                                                                                  (7) 

Where: 

          3y = Deflection at the third arm. 

           E  = Modulus of elasticity. 

          = Density of material. 

x3 
B 

w w m3 m1 m2 

L3/2 L2/2 

3 2 
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x2 



Journal of Engineering Volume 16 June  2010       Number   2 
 

 

 0390 

Aq  81.97850
3

                                                                                                (8) 
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Where [8]: 

         
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M  Bending moment at the second arm 
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Where:  

       2  Bending stress at the second arm 

IE

LM

IE

Lw

IE

LW
y

 

 

 

 

 

 

283

243

2
                                                                                  (13) 

  

























































 
2

2

83

1

2
2

2
3

3334
22

3
23332

L
L

qLgm
LqLLqgmm

IE

    
    

 
                                  (14) 

 
2233321

LqLqmmmgW
Total

                                                             (15) 

 
22233

2
2

2

2
3

233 22
LgmLLgm

L
q

L
LLqM

Total
       














                            (16) 

I

YM
Total

bending


                                                                                             (17) 


2

2

4L

IE
P strutcr

 
                                                                                                    (18) 

Where: 
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P = Critical load. 
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Where: 

          
1

  Combined stress at the first arm. 

          
strut

 = Strut stress. 
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Where:  

           :r Rankine stress                                                   

           :e Euler stress  

For a strut with one end fixed, the other free 
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Substituting equation (23) into equation (21) yields (Hearn 1977):  

 

E

k

L
c

c
r

 

  

2

2

4

1


















                                                                                               (24) 

          For comparing between the sections the weight of the gears and gripper were neglected the 

parameter of each arm as bellow: 

L1=0.3m, L2=0.2m, L3=0.15m  

m1=8.8781kg, m2=1.9691kg, m3=1.278kg 

Where: 

           m1, m2, m3= the mass of first, second and third arm, respectively 

           E= 200*10
9
 N/m

2
, 3.0  

           g= 9.81 

           Payload= 100N 
 

Deflections Due to Pure Bending 

              The deflection   is evaluated using finite element analysis techniques when the 

manipulator is at its maximum reach (completely stretched out) since this will yield the maximum 

deflection. Any other configuration will yield a smaller deflection value considering that the same 
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payload is carried. The deflection evaluation is a function of the structural and material properties of 

the links and the payload. 
 

 Square Cross-Section 
 

 

 

 

 
 

 

 

 

 

 

 

Fig. (3) Robotic Arm of Square Cross-Section 

The cross-sectional parameters for each arm of the square section are given in Table (1): 
 

Table (1a) Model Parameters for First Arm Square Cross-Section 
 

B1 (m) 0.064 0.071 0.078 0.085 0.092 

b1(m) 0.018 0.036 0.048 0.059 0.069 

 

Table (1b) Model Parameters for Second Arm Square Cross-Section 
 

B2(m) 0.04 0.047 0.054 0.061 0.068 0.075 

b2(m) 0.0187 0.0309 0.0408 0.0497 0.0580 0.0661 

 

Table (1c) Model Parameters for Third Arm Square Cross-Section 
 

B3(m) 0.035 0.042 0.049 0.056 0.063 0.07 

b3(m) 0.012 0.0261 0.0363 0.0453 0.0537 0.0618 

 

 Tri-Tube Cross-Section 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4) Robotic Arm of Tri-Tube Cross-Section 
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The cross-sectional parameters for each arm are given in Table (2): 
 

 

Table (2a) Model Parameters for First Arm Tri-Tube Cross-Section 
 

D1(m) 0.0425 0.0495 0.0565 0.0635 0.0705 

d1(m) 0.0251 0.0357 0.0449 0.0534 0.0616 
 

 

Table (2b) Model Parameters for Second Arm Tri-Tube Cross-Section 
 

D2(m) 0.03 0.037 0.044 0.051 0.058 

d2(m) 0.02465 0.03281 0.04054 0.04804 0.05542 
 

Table (2c) Model Parameters for Third Arm Tri-Tube Cross-Section 
 

D3(m) 0.0179 0.0249 0.0319 0.0389 

d3(m) 0.00141 0.01736 0.02644 0.03456 

 Two Horizontally-Tube Cross-Section 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4) Robotic Arm of 2H-Tube Cross-Section 

The cross-sectional parameters for each arm are given in Table (3): 
 

Table (3a) Model Parameters for First Arm 2H-Tube Cross-Section 
 

D1(m) 0.05 0.057 0.064 0.071 0.078 

d1(m) 0.0279 0.0391 0.0487 0.0576 0.066 

 

Table (3b) Model Parameters for Second Arm 2H-Tube Cross-Section 
 

D2(m) 0.04 0.047 0.054 0.061 0.068 

d2(m) 0.0362 0.04383 0.05127 0.05859 0.06585 

 

Table (3c) Model Parameters for Third Arm 2H-Tube Cross-Section 
 

D3(m) 0.02 0.027 0.034 0.041 0.048 

d3(m) 0.0079 0.0197 0.0286 0.0366 0.04434 
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Uni-Tube Cross-Section 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6) Robotic Arm of Uni-Tube Cross-Section 

 

 

The cross-sectional parameters for each arm are given in Table (4): 

 

Table (4a) Model Parameters for First Arm Uni-Tube Cross-Section 
 

D1(m) 0.07 0.077 0.084 0.091 0.098 0.105 0.112 0.119 0.126 

d1(m) 0.01 0.034 0.047 0.059 0.0693 0.079 0.088 0.097 0.105 

 

Table (4b) Model Parameters for Second Arm Uni-Tube Cross-Section 
 

D2(m) 0.05 0.057 0.064 0.071 0.078 0.085 

d2(m) 0.03 0.0406 0.05 0.0586 0.067 0.075 

 

Table (4c) Model Parameters for Third Arm Uni-Tube Cross-Section 
 

D3(m) 0.04 0.047 0.054 0.061 0.068 0.075 

d3(m) 0.015 0.0288 0.0392 0.0484 0.057 0.0651 

 

 Two Vertically -Tube Cross-Section 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7) Robotic Arm of 2V-Tube Cross-Section 
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The cross-sectional parameters for each arm are given in Table (5): 
 

Table (5a) Model Parameters for First Arm 2V-Tube Cross-Section 
 

D1(m) 0.05 0.057 0.064 0.071 0.078 

d1(m) 0.0279 0.0391 0.0487 0.0576 0.066 

 

Table (5b) Model Parameters for Second Arm 2V-Tube Cross-Section 
 

D2(m) 0.04 0.047 0.054 0.061 0.068 

d2(m) 0.0362 0.04383 0.05127 0.05859 0.06585 

 

Table (5c) Model Parameters for Third Arm 2V-Tube Cross-Section 
 

D3(m) 0.02 0.027 0.034 0.041 0.048 

d3(m) 0.0079 0.0197 0.0286 0.0366 0.04434 
 

 

OPTIMIZATION OF THE ROBOT STRUCTURE  

               Our overall goal is to design a robot arm that is stiff, lightweight, and exhibits minimum 

number of low natural frequencies for rigid-body structural dynamics (i.e., structural resonances). It 

is well known that, when a structure design is optimized to achieve high fundamental vibration 

frequencies, it also achieves the concomitant goal of low mass. Our initial design suggested that an 

arm design possessing high structural vibration frequencies while carrying a gripper payload, 

typically also satisfies the otherwise contradictory objectives of low mass, high stiffness, and high 

strength.  

               The objective function of these problems was to minimize the weight of the structures, 

subject to constraints on the stress in the robotic arm and displacement constraints at the end 

effectors. The design variables were the cross sectional shape of the robotic arm. 

               There are two cases of optimization in this research. The first case, which referred to as 

initial optimization, was to optimize the cross-sectional shape, and the second case, that referred to 

as final optimization, was to apply the optimization techniques to an actual structure.  
 

Initial Optimization: 
 

Optimization Invariants: 
 

            The following parameters shown in Table (6) are invariant over all five cross-sectional: 
 

Table (6) Invariant Parameters 
 

Structural Characteristics First Arm Second Arm Third Arm 

L 0.3m 0.2m 0.15m 

Material Steel steel steel 

E 200*10
9
 N/m

2
 200*10

9
 N/m

2
 200*10

9
 N/m

2
 

  7850 kg/m
3
 7850 kg/m

3
 7850 kg/m

3
 

  0.3 0.3 0.3 

A 3.77*10
-3 

m
2
 1.25*10

-3 
m

2
 1.08*10

-3 
m

2
 

Mass of arm 8.8781kg 1.9691kg 1.278kg 
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Optimization Variables: 

            The following variables were optimized for each link to achieve the highest stiffness and 

minimum deflection for the overall structure of the industrial robot: 

 Shape of the arm cross-section.  

 Moment of inertia for each arm. 
 

Final Optimization: 
 

Optimization Invariants: 
 

            The parameters shown in Table (7) are invariant over all five cross-sectional: 
 

Table (7) Invariant Parameters 
 

Structural Characteristics First Arm Second Arm Third Arm 

L 0.3m 0.2m 0.15m 

Material Steel steel steel 

E 200*10
9
 N/m

2
 200*10

9
 N/m

2
 200*10

9
 N/m

2
 

  7850 kg/m
3
 7850 kg/m

3
 7850 kg/m

3
 

  0.3 0.3 0.3 

T 0.002m 0.002m 0.002m 

Mass of gears 15kg 15kg 30kg 

Cross-section Hollow circular Hollow square Hollow square 

 

Optimization Variables: 

            The following variables were optimized for each link to achieve the highest stiffness, and 

minimum deflection  for the overall structure of the industrial robot: 

 Inner diameter for the first circular tube arm. 

 The inner side dimension for the second and third square tube arm. 

 Total mass of industrial robot. 

 Natural frequencies   ( nw  ) and mode shapes.  

            Reducing the weight or changing the shape of a robot is not an easy task to accomplish; 

there are several factors involved in this, such as the type of external load that the manipulator is 

subjected to, material used (links of the robot) and the most complex variable to handle is its shape 

(geometry). The complexity introduced by these factors make it awkward to calculate the stress 

levels by hand. For this reason, an FEA package is needed; in this particular case ANSYS is used. 

This software will calculate how the von Misses stress is distributed along the links. Results are 

compared to the permissible or yield stresses, which make it possible to know if any arm is under 

failure mode. 

   StrengthYieldStressMissesVon
y

       . 

            To accomplish the goal of reducing the weight of the structure; therefore, improving its 

performance and the payload capacity, the weight distribution of the whole structure should be 

revised. Every link needs to be taken into account in order to avoid high inertial loads and an 

unstable robot design. A robotic design should follow the rule that the first link should be the most 

robust and the outermost as light as possible (The first link is going to hold the weight of the whole 

structure plus the payload). 
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RESULTS AND DISCUSSION 

 

In this work we chose five types of tube sections (square, circular, two vertical, two 

horizontal and three circular) to make a comparison between them and to choose the best section for 

constructing a three arm robot manipulator. 

The procedure of analysis is based on assigning a certain mass and length for each of the 

first, second and third arm of the manipulator after that we calculate the cross sectional area for 

each arm and then we assume a certain dimension like the outer diameter of the circular tube and 

calculating the corresponding inner diameter after that we change the outer diameter by increasing it 

by a specific amount. The same procedure is used for all sections except for the 2V-tube, 2H-tube 

and tri-tube sections where the mass of the stiffeners must be subtracted from each arm before 

calculating the cross sectional area of each arm. After these initial calculations and after estimating 

the dimensions of each section we begin entering these data to the ANSYS software program to 

calculate the deformations and stress for each arm those results are shown in Figures (8-13) which 

demonstrates the regions where maximum stress and deformations occurs. The results for maximum 

deflections and those for maximum stresses for each arm and different cross sections are all 

collected from which we plot the figures and make the conclusions that for the first arm of the robot 

manipulator it is best to make its section as a circular tube this conclusion is clear from Figure (14) 

where for a given maximum stress the stiffness for the circular section is bigger as compared with 

the  other sections this result is also clear in Figure (15) for a given maximum stress the uni-tube 

gives less deformation from other sections. 

For the second arm we make a conclusion that the square section has a low stress for a 

given stiffness this is clear in Figure (16) and also in Figure (17) for a given deflection the stress 

will be minimum in the square section. 

The same results is obvious in Figure (18) where for a given deflection the stress is 

minimum for the square section the same conclusion is clear in Figure (19) where for a given 

stiffness the stress is minimum in the square section, the same result may be achieved from     

Figure (20) where for a given moment of inertia the square section gives higher stiffness relative to 

the other sections. 

To make a self checking for our results in ANSYS, a program had been built up using 

MATHCAD software. The results of calculation by MATHCAD are shown in Figures (21-26) 

where the same conclusion are drown up from the curves that is the first arm of the robot 

manipulator is preferred to make it’s section as a circular tube while the other two arms it is 

preferred to make it’s section as a square tube to achieve higher stiffness to weight ratio. In this 

calculations the same dimensions of each section of each arm had been given as an input data for 

the program so as to make the comparison between the two ways of analysis essayer, the 

differences between the results is referred to the way of analysis in each software, where in ANSYS 

the analysis is based on finite element and in MATHCAD the analysis is based on the solution on 

the known equations of strength of materials for finding the maximum stress and deflections in 

beams and struts, due to those different ways of analysis a slight error is seen in those figures, such 

error don’t play a big rule from the engineering point of view. 

The next step in our work was to built another program to make an optimum design for a 

given robot having a given length of arms and payload and to find the best dimensions for its first, 

second and third arm. 

The program had been written by MATHCAD software and it begins as assigning the 

length of the three arms and the mass of the first and second gear box actuator and the total mass of 

the payload, that the robot (manipulate), and its end effecter actuator. 

The sequence of calculations begins by finding the dimensions of the arm cross section 

that satisfies the condition of strength that is to let the stress in each arm be the maximum possible 

value it can reach, after that the program find the weight of the arms of the robot. The next step in 

this program is to change the dimension step by step to make the structure of the robot stiffer, the 
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iteration continuous until the program fined the dimension of each section that satisfies the limits of 

deflection on the end point of the robot arm that we want the robot to achieve in the same time the 

program makes checking on the weight of robot structure if it is higher than the limit that it is 

assigned to it. From all those iterations and results that the program reaches (which satisfy the 

conditions of weight and deflection) it chooses the best design parameter between all the result that 

has the less weight and deflection due to the given condition of loading. 

The final dimension of the robot arms will be the next input for the ANSYS to calculate 

the dynamic characteristics of the structure of the robot to determine its natural frequency and mode 

shapes of vibration. 

The iterations shows that if we increase the weight of the robot by about 25% of the initial 

weight calculated in our first analysis, in which ( y  in each arm), the iteration gives us 32 

generation which satisfies our condition of deflection ( mm 002.0max005.0  ) those results 

for the dimensions of the inner diameter of the first arm and the inner side dimension of the second 

and third arm are show in Figure (27). 

A plot of the total deformation of the end effectors is shown in Figure (28) for each 

generation. Figure (29) shows the total weight of the robot structure for each generation. 

The criteria for choosing the best dimensions for the robot structure from the 32 

generation obtained is to multiply the weight of each generation by it’s deflection the result of 

multiplication gives us an indication of the best generation which has the less value between them, 

and this criteria is referred to as the criteria of choice, which is shown in Figure (30) it is obvious 

that the 21 generation in the best between them the dimension of this generation entered to ANSYS 

to calculate the natural frequencies and mode shapes for the robot structure. The results of dynamic 

analysis show that the natural frequencies are (53.614, 59.171, and 138.70Hz). Figure (31-33) 

shows the mode shapes for each natural frequency calculated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8) Deflection in the Third Arm of Square Cross-Section where B=0.035m, b=0.012m 
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Fig. (9) Stress in the Third Arm of Square Cross-Section where B=0.056m,   b=0.0453m 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (10) Stress in the Third Arm of Uni-Tube Cross-Section where D=0.04m, d=0.015m 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (11) Stress in the Third Arm of Tri-Tube Cross-Section where D=0.0389m, d=0.03456m 
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Fig. (12) Stress in the Third Arm of 2V-Tube Cross-Section where D=0.048m, d=0.04434m 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (13) Stress in the Third Arm of 2H-Tube Cross-Section where D=0.048m, d=0.04434m 

 

 

 

 

 

 

 

 

 
 

Fig. (14) Stiffness Versus Maximum Stress in the First Arm for Different Cross-Sections by 

ANSYS 
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Fig. (15) Maximum Stress Versus Deflection in the First Arm for Different Cross-Sections by 

ANSYS 
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Fig. (16) Stiffness Versus Maximum Stress in the Second Arm for Different Cross-Sections by 

ANSYS 
 

 

 

 

 

 

 

 

 

 
Fig. (17) Maximum Stress Versus Deflection in the Second Arm for Different Cross-Sections 

by ANSYS 
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Fig. (18) Maximum Stress Versus Deflection in the Third Arm for Different Cross- Sections 

by ANSYS 
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Fig. (19) Stiffness Versus Maximum Stress in the Third Arm for Different Cross-Sections by 

ANSYS 
 

 

 

 

 

 

 

 

 
 

Fig. (20) Stiffness Versus Moment of Inertia in the Third Arm for Different Cross-Sections by 

ANSYS 
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Fig. (21)  Stiffness Versus Maximum Stress in the First Arm for Different Cross-Sections by 

MATHCAD 
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Fig. (22) Maximum Stress Versus Deflection in the First Arm for Different Cross-Sections by 

MATHCAD 
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Fig. (23) Stiffness Versus Maximum Stress in the Second Arm for Different Cross-Sections by 

MATHCAD 
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Fig. (24) Maximum Stress Versus Deflection in the Second Arm for Different Cross-Sections 

by MATHCAD 
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Fig. (25) Maximum Stress Versus Deflection in the Third Arm for Different Cross-Sections by 

MATHCAD 
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Fig. (26) Stiffness Versus Maximum Stress in the Third Arm for Different Cross-Sections by 

MATHCAD 
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Fig. (27) Relation Between Inner Dimensions and Generation 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (28) Relation Between Total Deflection and Generation  

 

 

  

 

 

 

 

 

 

 

 

 
 Fig. (29) Relation Between Total Weight and Generation 
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Fig. (30) Relation Between the Criteria of Choice and Generation  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (31) First Mode Shape of Arms at (53.614Hz) 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (32) Second Mode shape of Arms at (59.171Hz) 
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Fig. (33) Third Mode Shape of Arms at (138.698Hz) 

 

CONCLUSIONS 
The main conclusions in our work (where we made a comparison between the five 

suggested sections for robot manipulator arms) is that to achieve best performance and high 

stiffness to weight ratio it is better to make the cross section of first arm as a circular tube and the 

other arms of the robot its better to make its section as a square tube. 
Another perceptible notice is that the tri-tube section gives a results close to those of the 

uni-tube and square tube for the first, second and third arm respectively, the reason after this lag and 

retardation is that the stiffeners at the beginning and end of each arm takes parts of the metal or 

mass used in building or constructing the arms of the robot which make it weaker, this conclusion 

lead as to a results that the tri-tube section may gives a better results if an optimization had been 

made for it alone by varying the dimensions of the stiffness and the distance between the center’s of 

the three tube and the diameter of each tube this may be as a suggestion for further work. 
By the correct choice of cross section of each arm and by the appropriate choice of its 

dimensions based on the iteration and optimization process we may have a robot structure that has a 

weight, bigger by a little amount (about 25%) from the lightest weight which satisfies the condition 

of strength (i.e. the stress in each member reaches its maximum possible value) but satisfying the 

condition of stiffness which is the main feature of robot construction i.e. the error of the end 

effectors will be less than 2mm. 
In case of increasing the weight or mass of the robot structure by an amount begin than 

25% we can have a structure stiffer from the preceding and has deflection less than 0.002m but on 

the other hand we will sacrifices the benefit of low weight structure which minimizes the effect of 

inertia during the work of robot. 
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ABSTRACT 

       Aluminum-Silicon alloys, with soft lubricant metal, are considered to be one of the important 

tribological alloys which resist seizure. The effect of different lead percentages (1-20%Pb) that 

added to the modified eutectic Al-12%Si alloy on the wear rate and resistance was studied by 

sliding these alloys under dry sliding conditions on a carbon steel disc at different sliding distances 

(2.24-40.37 km). The results showed that the wear rate was decreased and wear resistance increased 

with increasing lead percentage of Al-12%Si alloy. Furthermore, wear rate was increased linearly 

with increasing sliding distance. 

 

 خصائص مقاومة الالتصاق لسبائك الالمنيوم المحتوية على الرصاص تحت ظروف الانزلاق الجاف
 

 الخلاصة
سميكون المحتوية عمى معدن مزيت من السبائك الترايبولوجية المهمة المقاومة -تعد سبائك الالمنيوم       

عمى معدل  (Pb%20-1)يهدف هذا البحث الى دراسة تاثير اضافة الرصاص بنسب مختمفة . للالتصاق
الايوتكتيكية المحورة تحت تاثير الانزلاق الجاف عمى قرص من الفولاذ  Al-12%Siومقاومة البمى لسبيكة 

اوضحت النتائج انخفاض معدل البمى وزيادة  .(km 40.37-2.24)الكربوني عند مسافات انزلاقية مختمفة 
علاوة عمى ذلك فان معدل البمى يزداد بصورة  .Al-12%Siمقاومة البمى مع زيادة نسبة الرصاص لسبيكة 

 .خطية مع زيادة مسافة الانزلاق

 
INTRODUCTION 

       Aluminum based alloys; especially eutectic aluminum-silicon alloys are regarded to be one of 

the most important tribological alloys due mainly to the presence of silicon [Lee 1998 and Yasmin 

2004]. Silicon is the second most abundant impurity of aluminum. It imparts fluidity in casting, 

weldability and high mechanical properties [Mondolfo 1976]. These properties incited many 

researchers in order to approach the convenient application. Therefore, replacement of cast iron by 

aluminum based alloys in manufacturing automobile pistons is the start point in the early ninetieth 

century [Sarkar 1980]. Lead is technically and economically the best qualified metal for use as a 

soft phase alloying addition to aluminum based alloys. Leaded aluminum alloys are characterized 
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by low wear rate, antifriction and antiseizure characteristics suitable for a variety of bearing 

applications [Tiwari 1987]. Rudrakshi et al. (2004) found that the wear properties of spray formed 

Al-Si-Pb alloy were improved to be greater than that of Al-Si alloy as a result of microstructural 

features of spray formed alloy and the nature of the worn out surfaces. While Hao et al. [2005] 

showed that the main reason of decreasing wear in the hot extruded Al-4Si-20Pb alloy attributed to 

the constituents of lubricating film that created between the mating surfaces. They indicated that 

this film is composed of mixture of Fe2O3, Pb4SiO6 and a small amount of Fe2O3 at room 

temperature, and Pb4Al12(SiO3)7, SiO2, Al2O3 and a small amount of Fe2O3 at high temperature. The 

same result is concluded by An et al. [2006] when irradiated Al-Si-Pb alloys with high current 

pulsed electron beam in which the different constituents of lubricating film is the main reason of 

decreasing wear. 

       In this work, some light will be thrown to study the effect of lead addition on wear rate and 

resistance of modified eutectic Al-12%Si alloy. 

 

MATERIALS AND METHODS 

       Leaded aluminum alloys were prepared using commercial high purity aluminum, lead and Al-

18%Si master alloy as starting materials. The master alloy of Al-18%Si was previously prepared by 

adding high purity silicon as chunks to the molten of commercial high purity aluminum using gas 

fired furnace under the pressure effect via graphite block in a graphite crucible to prevent any 

floatation of silicon on the molten surface of aluminum. The molten of Al-18%Si alloy was casted 

in a metallic mould to produce ingot of Al-18%Si master alloy. A specified amount of commercial 

high purity aluminum was added to the molten of Al-18%Si master alloy to obtain Al-12%Si alloy. 

Lead was added separately in different amounts, that corresponding to 1-20%Pb, to the diluted Al-

18%Si master alloy with aluminum to produce different types of leaded Al-12%Si alloys. The 

addition of lead was carried out using vortex method as a result of no solubility and miscibility 

between lead and eutectic Al-12%Si alloy. In this method, lead was added as chips to the molten of 

diluted Al-18%Si master alloy with aluminum in a graphite crucible using graphite fan to prevent 

any reaction. The inclination angle of vortex mixing and speed of mixer rotation were 30
°
 and 1256 

rpm respectively. All leaded alloys were mixed at 650 
°
C for 10 min individually to obtain 

homogenous distribution of lead inside the molten of Al-12%Si alloy. The pouring temperature for 

each alloy was fixed at the same temperature of vortex mixing in which each alloy was poured into 

a cooled carbon steel mould to obtain chilled ingots of Al-Si-Pb alloys. All casted ingots have the 

dimensions of 100 mm length and 15 mm diameter. Chemical composition of pure aluminum, 

master alloy and prepared Al-Si-Pb alloys is tabulated in table І. The ingots of Al-Si-Pb alloys were 

cut and turned to produce specimens suitable for microstructural and wear study. For 

microstructural study, each alloy specimen was cold mounted and then ground using different SiC 

emery papers. Primary polishing was carried out using slurry of alumina while final polishing was 

achieved using diamond paste. All microstructural study specimens were etched using 1%Vol. HF 

etching solution. 

       Pin on disc type wear testing apparatus with 450 Hv carbon steel disc was used in this work in 

order to determine antiseizure characteristics of Al-Si-Pb alloys. Wear test specimens that 

previously prepared have the dimensions of 10 mm length and 5 mm diameter. The sliding circle 

diameter and bearing pressure were fixed at 14 cm and 63.6 kPa respectively. A wide range of 

running periods was used ranging from 10 min to 3 hr in order to produce different sliding distances 

(2.24-40.37 km). 

 

RESULTS AND DISCUSSION 

       Figure 1 shows the microstructure of modified eutectic Al-Si alloys. It is clear from this figure 

that two phases are presented in the matrix of Al-Si-Pb alloys. These phases are eutectic and lead, 

while one phase presented in the matrix of Al-12%Si alloy which is eutectic. Figure 1 also shows 

the potent effect of chilling on producing modification of eutectic silicon in the matrix of leaded 



Journal of Engineering Volume 16 June  2010       Number   2  
 

 4594 

alloys, in which fibrous eutectic silicon associated with aluminum dendrites can be recognized in 

the matrix for each alloy. This modification in eutectic silicon morphology from angular and flake 

as in ordinary conditions to the fibrous as in this work has a crucial role on increasing the 

mechanical and tribological properties of eutectic Al-Si alloys as mentioned elsewhere 

[Subramanian 1991, Fatahalla 1999 and Liao 2002]. It is explicit to know that lead decreasing the 

hardness of Al-Si alloys in a magnitude dependent on its percentage in the matrix. This decreasing 

in hardness value does not mean decreasing in wear properties of Al-Si alloys. This can be 

demonstrated by showing the relationship between sliding distance and wear rate as shown in figure 

2. It is clear from this figure that the wear rate was increased linearly with increasing sliding 

distance for each alloy. In the other side, the wear rate was decreased with increasing lead 

percentage at any sliding distance. Plastic deformation always associated with wear in the 

subsurface region of the base matrix of Al-Si alloys. The deformation of aluminum phase results in 

fragmentation of silicon phase into fine particles distributed in the subsurface region [Pramila Bai 

1984]. In this work, no fragmentation was occurred as a result of potent effect of modification that 

occurred in eutectic silicon morphology as explained above. The aluminum and silicon phases in 

the eutectic of Al-Si alloys behave independently on each other during dry sliding in which the 

silicon phase resists the applied bearing pressure while the aluminum phase accommodates the 

plastic deformation in the matrix. The presence of lead in the matrix of modified Al-12%Si alloy 

results in decreasing the wear rate as explained above. This is because the lead acts as a lubricant 

and reduces wear between mating surfaces as a result of its extrusion during dry sliding of leaded 

aluminum alloys on carbon steel disc and forming a trib-layer of low shear strength spreads over 

modified eutectic Al-12%Si alloy substrate. The smearing of lead prevents adhesion between the 

mating surfaces in areas dependent on lead location in the matrix of modified eutectic Al-12%Si 

alloy. Therefore, wear rate will be decreased and in the same time seizure resistance will be 

increased. This result can be demonstrated precisely from the relationship between lead percentage 

and wear resistance, as shown in figure 3, in which the wear resistance increases with increasing 

lead percentage. From curve fitting programme, the wear resistance (WR) changes with lead 

percentage (Lp) according to the following formula: 

 

WR=-0.021Lp
2
+1.267Lp+35.83                       (1) 

 

       This illuminates the importance of lead addition; especially the adhesive compatibility of slided 

metals [Norton 1998] indicated clearly the low metallurgical compatibility between lead and iron 

where iron can be considered as a counterface material. This makes Al-Si-Pb alloys a suitable 

choice for bearing applications. The relationship between wear rate (Wr) and hardness (Hv) is 

shown in figure 4 in which the wear rate decreases with decreasing hardness, i.e.  increasing lead 

percentage, according to the following formula obtained from curve fitting programme 

 

Wr=0.002Hv
2
-0.2Hv+6.250                            (2) 

 

CONCLUSION 

       Rapid cooling of leaded eutectic Al-12%Si alloys in a metallic mould could produce 

modification of eutectic silicon morphology in the matrix of these alloys. The presence of 

accompanied lead that added using vortex method with modified eutectic silicon led clearly to 

remarkable changes in the antiseizure characteristics of leaded alloys. These changes can be 

summarized by decreasing wear rate and increasing wear resistance with increasing lead 

percentage, i.e. decreasing hardness. 
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Table І 

Chemical composition of pure aluminum, master alloy and prepared Al-Si-Pb alloys. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 Microstructure of as-cast leaded modified eutectic aluminum-silicon alloys. 

 

Elements Si Fe Cu Pb Mn Ti Al 

Al 0.11 0.11 0.008 0.001 0.007 0.005 Rem. 

Al-18%Si 18.2 0.31 0.09 0.001 0.02 0.009 Rem. 

Al-12%Si 12.4 0.24 0.03 0.001 0.01 0.007 Rem. 

Al-12%Si-1%Pb 11.9 0.24 0.03 1 0.01 0.007 Rem. 

Al-12%Si-6%Pb 12.7 0.24 0.03 6 0.01 0.007 Rem. 

Al-12%Si-12%Pb 12.1 0.24 0.03 12 0.01 0.07 Rem. 

Al-12%Si-20%Pb 12.4 0.24 0.03 20 0.01 0.07 Rem. 

Al-12%Si Al-12%Si-1%Pb 

Al-12%Si-6%Pb Al-12%Si-12%Pb 

Al-12%Si-20%Pb 
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Figure 2 The relationship between sliding distance and wear rate of Al-Si-Pb alloys. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 The relationship between lead percentage and wear resistance of Al-12%Si alloy. 

Sliding distance, 40.37 km. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 The relationship between hardness and wear rate of Al-Si-Pb alloys. Sliding distance, 

40.37 km. 
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ABSTRACT 

 

The Diyala river is a major tributary of the Tigris river that runs through Iran and Iraq which drains 

an area of 32600 km
2
. The catchment area consist of four parts which are the area of the basin 

above Derbendi-Khan, Upper Diyala, Middle Diyala and lower Diyala. Through the last two decade 

the water coming to the upstream Derbendi-Khan reduced and this reduction reach to about 35%. 

This research focusing on the water dependable discharges reached to upper and middle Diyala 

river basin as compared with Russian study(water balance). The water balance mention that the 

discharge can be supplied the above basins with probability of 95%for the year (1947-1948). In this 

research consider the mean discharge down stream Derbendi-Khan dam for the period (1989-2007) 

in order to find the dependable probability for discharge which can be satisfied and equivalent to the 

water balance study . 

In this  research considered different  probabilities (95%,80% and 50%) of each months (Oct-Sep) 

water year for the period (1989-2007) by using the empirical Wei Bull probability equation, and it 

was  conclude that the probability of 50% can be considered  the suitable probability for the water 

requirement to upper and middle basins.    

 

 

 الخلاصة

َانعزاقٕت حٕث حبهغ مساحت حُضً انكهٓ  الإٔزاوٕت الأراضٓٔعخبز وٍز دٔانّ احد انزَافد انزئٕسٕت  نىٍز دجهت َانذْ ٔىبع مه 

كهم 00333حُانٓ 
0

حباعا ٌٓ انحُض  َالأخزِانحُض انُاقع اعهّ سد دربىدخان  , أجشاء أربعت إنّ انحُض  حقسٕمٔمكه َ.  

ٌذا انبحث سُف  إن .%03خلال فخزة انعقدٔه انسابقٕه حظٍز بان انخصارٔف انقادمت قد قهج بحدَد  .انعانٓ َانُسطٓ َانسفهٓ

انمعدة مه قبم  (2890)مقاروت مع دراست انمُاسوت انمائٕت  َانُسطٓ نحُض وٍز دٔانّ  أعانٓ إنّعهّ انخصارٔف انُاصهت ٔزكش 

-2891)نسىت % 83حكُن باحخمانٕت  أنٔمكه  أعلايانلاسمت نهحُض ان انخصارٔف برث ادراست انمُاسوت انمائٕت اش  إن. انزَص

باسخعمال  الاحخمانٕت انمىاسبت إٔجاد َإمكاوٕت( 0331-2898)معدل انخصارٔف انمطهقت بٕه سىت  ذٔأخفٓ ٌذا انبحث سُف  .(2899

 .Wei bullمعادنت َضعٕت مه قبم 

( أٔهُلَنغأت شٍز  الأَلحشزٔه )َنكم شٍز  0331-2889 نمعدل انخصارٔف مه سىت% 33َ % 93,%83احخمانٕت  إٔجادحم 

-2891) %83ت ٕٔعطٓ وخائج مقاربت لاحخمان أنٌُ انذْ ٔمكه ( 0331-8928% )33حٕث احضح بان معدل انخصارٔف لاحخمانٕت 

  .بمُجب دراست انمُاسوت انمائٕت (2899
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KEY WORD:- Diyala River Basin 

 

 

INTRODUCTION 

The Diyala river basin is a major tributary of the Tigris river and runs through Iran and Iraq drains 

an area of 32600 km
2
. The river basin are shown in figure (1). The character of the river basin 

verses widely from the semi-arid plans to the north of Baghdad at about 33 meter G.T.S where the 

average annual rainfall is only 140mm to the high mountainous of the west rain Iran where there are 

many peaks over 2500 meter rising the height 3370 meter G.T.S. in this region there are large area 

where the average annual precipitation exceed 1000 mm and the high peak are covered perennial 

snow . The area of these basin can be shown in table (1).  

    

Table 1. Area of Diyala Basin (4) 

 

 Basin Area km
2
 

1 Above Derbendi-Khan dam 17900 

2 Upper Diyala 3910 

3 Middle Diyala 8850 

4 Lower Diyala 1440 

Total 32600 
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The difference between two periods will be ((6.4 – 4.14)/6.4)×100 = 35%. Figure(2) and 

figure(3)shows the hydrograph of the two period. The water requirement for the year 2000 equal to 

3.87 km
3
as mentioned in the water balance (8) and this amount is less 6.8% than the average of the 

year(1989-2007) i.e. the water requirement for this region will need to increase 10% for each 

decade. 

 

Discharge Down Stream Derbendi-Khan dam with 95% Probability 

 

This Research was worked by (8) experts for water resources and land development in Iraq (1982) 

which may called water balance and as referring to Diyala river basin they suggest three 

probabilities can be covered the requirement for upper and middle Diyala basin. Those probability 

are: 50% for the year (1935-1936), 80% for the year (1954-1955) and 95% for the year (1947-1948) 

and the mean discharge are 103.67 m
3
/sec,98.8 m

3
/sec and 94.48 m

3
/sec respectively. 

The study worked by (2) consider 95% probability for the upper and middle basin for the period 

(1947-1948) can be satisfied the requirement. Figure(4) shows the 95% for period (1947-1948). 
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Fig. 2 Monthly Average Discharge (m
3
/sec) for Upstream Derbendi-Khan Dam 
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Fig. 3 Monthly Average Discharge (m

3
/sec) Down Stream Derbendi- Khan  Dam flow. 
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Fig. 4  95% Probability Discharge Downstream Derbendi-Khan for year 1947- 948(Water       

              Balance). 
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Probability for Discharge Downstream Derbendi-Khan dam for the period (1989-2007)  

The analysis was consider the frequency percent for each month (water year) by using empirical 

Wei Bull probability equation (1) from October to September and find the probability of 95%,80% 

and 50% which can be shown in figure(5),(6) and (7). The average yearly flow for these probability 

are 38, 59.52 and 101 m
3
/sec respectively. Naturally the mean discharge of 101 m

3
/sec of 

probability 50% can be satisfied the requirement of upper and lower basin. 

The 50% dependable discharge downstream Derbendi-Khan dam are shown in the following table 

(2) which the coefficient of variation Cv   which can indicate large time variation and distribution.  

 

n

m
Pm




1
                                                                                                                                         (1) 

 

Where: 

mP : Frequency of recurrence of a certain term of the series 

m : Number carried by the term of the descending series. 

n : Number of the term in the series.  

T
p

1
   , T=Recurrence interval of return period.  
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Fig. 5 95%Probability Average Discharge Derbendi-Khan (1989-2007). 
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Fig. 6 93%Probability Average Discharge Derbendi-Khan (1989-2007). 
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Fig. 7 50%Probability Average Discharge Derbendi-Khan (1989-2007). 
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Table 2. 50% Dependable Discharge Down Stream Derbedi-Khan dam 

 

Month 

Mean 

discharge 

m
3
/sec 

Standard 

deviation 

( ) 

Coefficient 

of variation 

(Cv) 

Skew 

coefficient 

(Cs) 

Dependable 

discharge m
3
/sec  

50% probability 

Oct 107.95 43.63 0.404 -0.387 114.1 

Nov 92.53 38.37 0.415 -0.418 97.8 

Dec 111.84 55.89 0.499 0.756 93.9 

Jan 111.79 79.58 0.711 1.447 88.6 

Feb. 120.36 87.53 0.727 1.335 94.4 

March 153.53 138.23 0.900 1.566 104.89 

April 201.52 210.48 1.044 1.83 126.66 

May 148.47 114.09 0.77 1.628 112.26 

June 127.42 48.69 0.382 0.066 120.24 

July 135.36 44.84 0.331 -0.116 134.38 

Aug. 141.42 57.06 0.403 0.648 132.2 

Sep. 120.73 47.02 0.389 0.213 120.10 

 

 

Water Requirement Down Stream Derbendi-Khan Dam 

 

The water released downstream Derbendi-Khan dam will be shred different project located between 

down stream Derbendi-Khan dam and Hemrein dam. The main project are Shaik-Langer,Balajo 

Khanaqin, Qara Tappe, Jalawla and Al-Saadia. 

The total water requirement for those project at maximum and minimum water requirement as 

mentioned in the water balance can be shown in the table (3) below. The maximum discharge in 

July and the minimum discharge are in January. 

 

Table 3.   Minimum Discharge required is in January and Maximum Discharge is in July 

 

Name of project 

Water requirement for January Water requirement for July 

Vol. 

Million m
3
 

Discharge 

m
3
/sec 

Vol. 

Million m
3
 

Discharge 

m
3
/sec 

Shaik-Langer  0 0 6.2 2.31 

Balajo Khanaqin 0.26 0.1 16.16 6.03 

Qara Tappah 0.59 0.22 24.7 9.22 

Jalawla 0.09 0.034 3.90 1.46 

Al-Saadia 0.11 0.041 10.78 4.03 

Total 1.05 0.395 61.74 23.05 

  

The maximum and minimum discharge for 50% probability of the period (1989-2007) can cover the 

water requirement of the project between Derbendi-Khan dam and upstream Hemrein dam.Figure 

(8),(9) show the water requirement for the above project during the year. 
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CONCLUSIONS  

 

The result of this research indicate the following conclusions 

 There is reduction in discharge downstream Derbendi-Khan dam with 35% during about two 

decade.  

 The existing discharge for the period (1981-2007) can be satisfy the discharge of Diyala 

river which 50%probability in order to be equivalent to the probability of 95%(1947-1948) 

worked by water balance.  
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Fig. 8 Mean Flow Discharge for D/S Derbindi-Khan and  Hemreen Dam for the Period (1989-2007) 
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Fig. 9 Water Requirement for Diyala Basin (Million m

3
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ABSTRACT 

In this work FLC program is implemented using C++ codes. Two implementations are 

presented one with the rules stored inside the program, the other with rules in a rulebase file. The 

execution times of these two implementations, along with MATLAB FLC implementation, are 

compared using different simulated FLCs. Furthermore, to reduce the rulebase searching time, a 

parallel FLC is implemented using C++ and MPI (Message Passing Interface). The MPICH2 

package is used to run the parallel FLC. A cluster of four computers is used as the parallel 

environment. The execution time of this FLC program is evaluated using servomotor, Anti Skid 

System, and other simulated applications. The speedup and efficiency are studied using different 

number of computers. The results show that decomposing the rulebase searching operation to more 

than a computer reduce the execution time significantly.  

 

 الخلاصة

 اُخش اىجشّبٍج، داخو ٍخضوّخ ثبىقواعذ واحذ ٕزا اىجشّبٍج، زطجَقْٕبك طشٍقزَِ ى .++ سٌ ٍنزت فٌ FLC ثشّبٍج اىعَو ٕزا فٌ

ُ  . ٍيف فٌ ٍخضوّخ ثبىقواعذ . ٍخزيفخ FLC اّظَخ ئسزعَبهرقبسُ ث ،MATLAB اه رطجَق ٍع سوٍ خ اىزطجَقَِ، ٕزٓ رْفَز أوقبد إ

(. سسبىخ ٍشوس وصيخ) MPI و++  سٌ ئسزعَبهثٍزواصً  FLC ٍْفز,وقذ اىجحث فٌ ٍيف اىقواعذ ىزخفَض رىل، ثبلإضبفخ إىي

. ٍزصيخ فٌ شجنخ واحذح حبسجبد أسثع ٍِ عْقود ىجَئخ اىَزواصٍخ عجبسح عِا .اىَزواصً FLCاىـ زْفَز ى رسزعَو MPICH2 سصٍخ

ُ  . أخشى وََٕخ ورطجَقبد ، زضىجاىضذ   ّظبً ،َحشك رؤاصسًـى FLC ّظبً ئسزعَبهث ٍقٌَ وقذ اىزْفَز رذسط  واىنفبءح اىزعجَو إ

 وقذ ٍخف ض حبسوة ٍِ أمثش إىي اىقواعذرذه ثبّٔ رجضئخ عَيَخ اىجحث فٌ ٍيف  اىْزبئج. اىحبسجبد ٍِ ٍخزيف عذد ئسزعَبهث

 \. ٍيحوظ ثشنو اىزْفَز

KEY WORDS: Fuzzy Logic, Fuzzy Logic Controller, Parallel Computing, MPI. 

 

INTRODUCTION 

Nowadays, the areas where Fuzzy Control has been applied comprise a wide variety of 

applications, with different complexities and performance. Fuzzy Controllers can be found in 

washing machines, automatic focusing for video cameras, automatic TV tuner, servo motor control, 

automotive anti-skid brake, and many other consumer appliances. The application of Fuzzy Logic 

exceeds the control domain since it is also employed for others knowledge-based decision making 

tasks. Among the latter, medical diagnosis, business forecasting, traffic control, network 

management, image processing, signal processing, computer vision, geology, and many more [1].  

Table 1 covers a range of research areas related to Fuzzy Logic as reported in the IEEE 

2001 International Conference on Fuzzy Systems [1]. 
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Table 1 Main Research areas in Fuzzy Logic (FUZZ-IEEE 2001) 

 

Main Topics Research area 

Foundations of fuzzy logic, approximate reasoning, evolutionary 

computation, identification and learning algorithms, rule base 

optimization.  

Fuzzy Mathematics  

Fuzzy control theory and applications, process and environmental 

control, stability criterions issues, multilevel supervisory control.  

Control systems  

Supervised and unsupervised learning, classifiers design and 

integration, signal/image processing and analysis, computer vision, 

multimedia applications.  

Pattern recognition and 

image processing  

Intelligent information systems, database systems, data mining, 

intelligent agents, reliability engineering, Nero-Fuzzy systems, internet 

computing, networks traffic modeling and control.  

Soft computing and 

hybrid system  

Fuzzy hardware implementation and embedded applications.  Electronic systems  

Fuzzy logic in robotics, industrial automation and other industrial 

applications.  

Robotic and 

Automation  

 

There is rapid increasing in number of applications of FL (Fuzzy Logic), in the domain of 

Image Processing, Signal Processing and Power Electronics that have been reported in the last 

decade. Most of them need real-time processing, fast transient behavior, low-power consumption 

and/or autonomy. In such cases, an effective implementation is required. Implementing these 

applications on parallel computer can have direct effect on the system efficiency. 

A parallel computer is a set of processors that are able to work cooperatively to solve a 

computational problem. This definition is broad enough to include parallel supercomputers that 

have hundreds or thousands of processors, networks of workstations, multiple-processor 

workstations, and embedded systems. The need for faster computers is driven by the demands of 

both data-intensive applications in commerce and computation-intensive applications in science and 

engineering [2]. 

In 1986 Gupta, Forgy, Newell, and Wedig [3] stated that Rule-based systems, appear to 

be capable of exploiting large amounts of parallelism. It is possible to match each rule to the data 

memory in parallel. In practice, however, they have showed that the speed-up from parallelism is 

quite limited, less than 10-fold. Howard, Taylor, and Allinson [4] presented Cellular automata (CA) 

mechanisms. York Fuzzy Automata Machine (FAMe) is a massively parallel fuzzy CA machine. 

They have described the structure of the Fuzzy Automata Machine and showed how large, complex 

fuzzy parallel systems may be constructed in consequence. Lees, Campbell, and Devlin [5] 

presented an application specific parallel rule inference architecture which is capable of performing 

an entire rule inference within one clock cycle. The design is targeted for high capacity Complex 

Programmable Logic Devices (CPLDs), whose ability to be reconfigured allows the application 

specific rule structure to be practical for real world systems. 

In this work different type of FLC implementation were provided to reduce the execution 

time of an FLC program. An efficient FLC algorithm is designed, and implemented in C++. 

Complex FLC programs spend long time in searching the rulebase for fired rules. To decrease the 

program execution time, parallel FLC algorithm is designed and implemented in C++ using 

MPICH2 (Message Passing Interface Chameleon) package. MPICH2 is used to manage and 
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distribute the jobs over computers. The parallel FLC algorithm decreases the execution time by 

decomposing the rulebase searching operation into more than a task that can be done concurrently. 

Since minimum execution time is desired, number of computers in the parallel environment should 

be determined precisely to obtain the desired execution time.  
 

* FUZZY LOGIC CONTROLLERS 

The concept of FL was conceived by L. Zadeh [6] in 1965, and presented not as a control 

methodology, but as a way of processing data by allowing partial set membership rather than crisp 

set membership or non-membership. This approach to set theory was not applied to control systems 

until the 70's due to insufficient small-computer capability prior to that time.  

2.1 Fuzzy Logic Controller Structure 

The kind of a structure a fuzzy logic controller (FLC) will have, primarily depend on the 

controlled process and the demanded quality of control. Since the application area for fuzzy control 

is really wide, there are many possible controller structures, some differing significantly from each 

other by the number of inputs and outputs, or less significantly by the number of input and output 

fuzzy sets and their membership functions forms, or by the form of control rules, the type of 

inference engine, and the method of defuzzification. All that variety is at the designer’s disposal, 

and it is up to the designer to decide which controller structure would be optimal for a particular 

control problem [7]. 

 

Knowledge 

Base

Fuzzification Defuzzification

Inference

Controlled System 
(Process)

OutputInput

Control

ControlControl

State

FLC

 
Fig. 1 The FLC structure. 

 

The basic configuration of FLC is shown in Fig. 1. The configuration consists of four main 

components: fuzzification, knowledge base, Inference, and defuzzification [8]. 

 The fuzzification transforms input crisp values into fuzzy values and it involves the 

following functions. 

a. Receives the input values, 

b. Transforms the range of values of input variable into corresponding universe of discourse, 

c. Converts input data into suitable linguistic values (fuzzy sets). This part is necessary when 

input data are fuzzy sets in the fuzzy inference. 

 The knowledge base contains knowledge of the application domain and the control goals. It 

consists of the rulebase. 

 The inference performs the following functions: 
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o simulates the human decision-making procedure based on fuzzy concepts, 

d. Infers fuzzy control actions employing fuzzy implication and rules. 

 The defuzzification involves the following functions 

e. A scale mapping which converts the range of output values into corresponding universe of 

discourse 

f. Defuzzification which yields a non-fuzzy control action from an inferred fuzzy control 

action. 

Design Procedure of Fuzzy Logic Controller 

 To design an FLC, bellow procedure can be followed [8]: 

 Determination of state variables and control variables: In general, the control variable is 

determined depending on the property of process to be controlled. The state variables should 

be selected. In general, state, state error and error difference are often used. The state 

variables are input variables, and the control variables are output of the controller to be 

developed. 

 Determination of inference method: one of the inference methods can be selected. The 

decision is dependent upon the properties of process to be studied. 

 Determination of fuzzification method: It is necessary to study the property of measured 

data of state variables. If there is uncertainty in the data, the fuzzification is necessary, and 

the fuzzification method and membership functions of fuzzy sets should be selected. If there 

is no uncertainty, singleton state variables can be used. 

 Discretization and normalization of state variable space: In general, it is useful to use 

discretized and normalized universe of discourse.  

 Partition of variable space: The state variables are input variables of the controller and thus 

the partition is important for the structure of fuzzy rules. At this step, partition of control 

space (output space of the controller) is also necessary. 

 Determination of the shapes of fuzzy sets: It is necessary to determine the shapes of fuzzy 

sets and their membership functions for the partitioned input spaces and output spaces. 

 Construction of fuzzy rule base: Control rules can be built now. The variables and 

corresponding linguistic terms in antecedent part and consequent part of each rule are 

determined. The architecture of rules is dependent upon the inference method determined in 

step 2. 

 Determination of defuzzification strategy: In general, the crisp control values are used and 

thus a defuzzification method should be determined. 

 Test and tuning: It is almost impossible to obtain a satisfactory fuzzy controller without 

tuning. In general it is necessary to verify the controller and tune it until satisfactory results 

are achieved.  

 

Complex Fuzzy Logic Controller 

The size of the fuzzy rulebase depends on the number of fuzzy rules, while the number of 

fuzzy rules depends on the number of inputs and on the number of linguistic values (fuzzy sets) 

associated with each of the variables [7].  

In the case of having many input and output variables, it is efficient to parallelize and to 

inference many fuzzy rules simultaneously. For example for a system with five input variables, 

respectively the number of total rules are 16,807 (= 7
5
) assuming that the number of the linguistic 

variables for each fuzzy variable is 7 [9]. 
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* PARALLEL COMPUTING 

    

Introduction 

The past decade has seen tremendous advances in microprocessor technology. Clock rates of 

processors have increased from about 40 MHz (e.g., a MIPS R3000, circa 1988) to over 3.0 GHz 

(e.g., a Pentium 4, Intel 2006). At the same time, processors are now capable of executing multiple 

instructions in the same cycle. The average number of cycles per instruction (CPI) of high end 

processors has improved by roughly an order of magnitude over the past 10 years. All this translates 

to an increase in the peak floating point operation execution rate (floating point operations per 

second, or FLOPS) of several orders of magnitude. Even though it is expected that technology 

development will be continue to hold for the near future, there is a limit that will eventually be 

reached. The most easily understood physical limit is that imposed by the finite speed of signal 

propagation along a wire. This is sometimes referred to as the speed-of-light argument (or limit). 

The speed-of-light argument suggests that once the above limit has been reached, the only path to 

improve performance is the use of multiple processors [10]. 

The motivations for parallel processing can be summarized as follows: 

1. Higher speed, or solving problems faster. This is important when applications have 

"hard" or "soft" deadlines. For example, there is at most a few hours of computation time to do 24 

hour weather forecasting or to produce timely tornado warnings. 

2. Higher throughput, or solving more instances of given problems. This is important 

when many similar tasks must be performed. For example, banks and airlines, among others, using 

transaction processing systems that handle large volumes of data. 

3. Higher computational power, or solving larger problems. This would allow the use of 

very detailed, and thus more accurate, models or to carry out simulation runs for longer periods of 

time (e.g., 5-day, as opposed to 24-hour, weather forecasting). 

The ultimate efficiency in parallel systems is to achieve a computation speedup factor of p 

with p processors. Although in many cases this ideal cannot be achieved, some speedup is generally 

possible. The actual gain in speed depends on the architecture used for the system and the algorithm 

executed on it [10]. 

 Parallelism Type Classification 

Parallel computers can be divided into two main categories of control flow and data flow. In 

1966, M. J. Flynn [10] proposed a four-way classification of computer systems based on the notions 

of instruction streams and data streams. Flynn’s classification has become standard and is widely 

used. Flynn coined the abbreviations Single Instruction Single Data (SISD), Single Instruction 

Multiple Data (SIMD), Multiple Instruction Single Data (MISD), and Multiple Instruction Multiple 

Data (MIMD) for the four classes of computers shown in Fig. 2, based on the number of instruction 

streams (single or multiple) and data streams (single or multiple). The SISD class represents 

ordinary "uni-processor" machines [10]. 

Computers in the SIMD class, with several processors directed by instructions issued from a 

central control unit, are sometimes characterized as “array processors.” Machines in the MISD 

category have not found widespread application, but one can view them as generalized pipelines in 

which each stage performs a relatively complex operation (as opposed to ordinary pipelines found 

in modern processors where each stage does a very simple instruction-level operation). The MIMD 

category includes a wide class of computers. For this reason, in 1988, E. E. Johnson [10] proposed a 

further classification of such machines based on their memory structure (global or distributed) and 

the mechanism used for communication/synchronization (shared variables or message passing). 

Again, one of the four categories (GMMP) is not widely used. 
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The GMSV class is what is loosely referred to as (shared-memory) multiprocessors. At the 

other extreme, the DMMP class is known as (distributed-memory). Finally, the DMSV class, 

combining the implementation ease of distributed memory with the programming ease of the 

shared-variable scheme, is sometimes called distributed shared memory. When all processors in a 

MIMD-type machine execute the same program, the result is sometimes referred to as single-

program multiple data [10]. The parallel environment in this work falls into the DMMP section of 

the MIMD category. 

 
Fig 2 The Flynn-Johnson classification of computer systems. 

 

 Parallel algorithm design 

Algorithm development is a critical component of problem solving using computers. A 

sequential algorithm is essentially a recipe or a sequence of basic steps for solving a given problem 

using a single computer. Similarly, a parallel algorithm is a recipe that tells how to solve a given 

problem using multiple computers or processors. However, specifying a parallel algorithm involves 

more than just specifying the steps. At the very least, a parallel algorithm has the added dimension 

of concurrency and the algorithm designer must specify sets of steps that can be executed 

simultaneously. This is essential for obtaining any performance benefit from the use of a parallel 

computer. In practice, specifying a nontrivial parallel algorithm may include some or all of the 

following [8]:  

 Identifying portions of the work that can be performed concurrently. 

 Mapping the concurrent pieces of work onto multiple processes running in parallel. 

 Distributing the input, output, and intermediate data associated with the program. 

 Managing accesses to data shared by multiple processors. 

 Synchronizing the processors at various stages of the parallel program execution. 

 Typically, there are several choices for each of the above steps, but usually, relatively few 

combinations of choices lead to a parallel algorithm that yields performance adequate with 

the computational and storage resources employed to solve the problem. Often, different 

choices yield the best performance on different parallel architectures or under different 

parallel programming paradigms [8]. 

The process of dividing a computation into smaller parts, some or all of which may 

potentially be executed in parallel, is called decomposition. Tasks are programmer-defined units of 

computation into which the main computation is subdivided by means of decomposition. 

Simultaneous execution of multiple tasks is the key to reducing the time required to solve the entire 

problem. Tasks can be of arbitrary size, but once defined, they are regarded as indivisible units of 

computation. The tasks into which a problem is decomposed may not all be of the same size [8]. 

The tasks, into which a problem is decomposed, run on physical processors. The term 

process is used to refer to a processing or computing agent that performs tasks. The term process 

does not adhere to the rigorous operating system definition of a process. Instead, it is an abstract 
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entity that uses the code and data corresponding to a task to produce the output of that task within a 

finite amount of time after the task is activated by the parallel program. During this time, in addition 

to performing computations, a process may synchronize or communicate with other processes, if 

needed. In order to obtain any speedup over a sequential implementation, a parallel program must 

have several processes active simultaneously, working on different tasks. The mechanism by which 

tasks are assigned to processes for execution is called mapping. A good mapping should seek to 

maximize the use of concurrency by mapping independent tasks onto different processes, it should 

seek to minimize the total completion time by ensuring that processes are available to execute the 

tasks on the critical path as soon as such tasks become executable, and it should seek to minimize 

interaction among processes by mapping tasks with a high degree of mutual interaction onto the 

same process. In most nontrivial parallel algorithms, these tend to be conflicting goals [8]. 

 

- Performance Indices of Parallel Computation  

To measure the performance of parallel computation some performance indices have been 

defined. Due to the level of complexity involved, no single measure of performance can give a truly 

accurate measure of a computer systems performance. Different indices are needed to measure 

different aspect. Some indices for global measurements are as follow [9]: (for more information 

about parallel algorithm performance indices refer to [10; 12]). 

- Execution time: the execution time measures the time required to run the program, in this work 

it is the time it takes since the inputs are ready until the output is calculated. 

- Speedup (Sp): The speedup factor of a parallel computation using p processors is defined as the 

ratio:  Where T1 is the time taken to perform the computation on one processor and Tp 

is the time taken to perform the same computation on p processors. Normally the speedup 

factor is less than the number of processors because of the time lost to synchronization, 

communication time, and other overheads required by the parallel computation: . 

However as mentioned before there are some cases where this does not apply.  

-  Efficiency (Ep): The efficiency of a parallel computation is defined as the ratio between the 

speedup factor and the number of processors:  Efficiency is a measure of the 

cost-effectiveness of computations.  

 Fired rules job: is the task of checking a rule to see if it is a fired rule or not, and if it is a fire 

rule, calculating its strength. 

 Communication overhead or time: is the time it takes to transfer the required data between 

computers. 

 

*  FUZZY LOGIC CONTROLLER IMPLEMENTATION 

 Introduction 

There are different FLC implementation methods. Deciding which method is best 

appropriate for a plant depends on several parameters like plant circumstances, cost, execution time, 

performance, etc. Among FLC implementation classifications are stand alone hardware 

implementation and software implementation on a computer [13]. 

In this work C++ code is used to program a general FLC, with few changes, any type of 

FLC can be achieved. Visual Studio .NET 2003 [14] is used to compile the codes. FLC program 

have two types, one with the rules implemented inside the program and the other with rules stored 

in a rulebase file. These two types implementation are compared with FLC implementation using 
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MATLAB Fuzzy Toolbox. Finally to decrease the program execution time a parallel FLC algorithm 

is designed and implemented using MPICH2. 

 

Serial FLC Algorithm 

The flowchart of the serial FLC algorithm is shown in Fig. 3. 

Three FLC programs (MATLAB, C++ Type 1 (Rules stored inside the program), and C++ 

Type 2 (Rules stored in a file on Hard Disk)) are used to test the design. The execution time is the 

time difference between the time that output is ready and the time of applying inputs. 500 random 

inputs used to determine the average execution time. 

To evaluate the serial FLC algorithm, a serial FLC for servomotor is implemented. The 

servomotor process shows nonlinear properties, and thus the fuzzy logic control is applied to the 

motor control. The task of the control is to rotate the shaft of the motor to a set point without 

overshoot. The set point and process output is measured in degree [8]. State variables (input 

variable of controller): 

Error equals the set point minus the process output (e):    

While  is the shaft position,  is the shaft set point. 

Change of error (ce) equals the error from the process output minus the error from the last process 

output:      

Control variable (output variable of the controller): Control input (v) equals the voltage applied to 

the process. 

FLC for servomotor has two inputs and 22 rules provided by the expert. 

-  If e is PB and ce is any, then v is PB. 

-  If e is PM and ce is NB, NM, or NS, then v is PS. 

-  If e is ZE and ce is ZE, PS, or PM, then v is ZE. 

-  If e is PS and ce is NS, ZE, or PS, then v is ZE. 

-  If e is NS and ce is NS, ZE, PS, or PM, then v is NS 

-  If e is NS or ZE and ce is PB, then v is PS. 

The execution time of the serial FLC for servomotor on MATLAB and C++ are shown in  

Fig. 4. 
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Fig. 3 Flowchart of the serial Fuzzy Logic Controller algorithm. 
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Fig. 4 The execution time of servomotor FLC programs 

 
Fig. 5 shows the execution time of the three above mentioned serial implementations of various 

virtual FLC systems with different number of inputs and rules. As it is shown in Fig. 5 execution time of all 

three programs grows rapidly with increasing number of rules.  

The execution time of all FLC programs is combined in Fig. 5.d, while MATLAB has the highest 

execution time, the C++ type 1 shows the smallest execution time. Although C++ Type 1 program is show 

slow increase in execution time and even for 2401 rules it have very small execution time in comparison 

with other programs but this type of FLC cannot be used for complex problems because of memory 

problem.  

 
a) 

 
b) 

 

 
c) 

 
d) 

Fig. 5 Execution Time of a) MATLAB FLCs, b) C++ type 1 FLCs, c) C++ type 2 FLCs, d) comparison of execution 

time of three FLC programs.  
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C++ type 2 FLC program can handle complex systems with any number of rules but as 

mentioned before, the execution time will grows exponentially with increasing number of rules. A 

solution for the high execution time problem is to use a parallel environment and to design a 

parallel algorithm for FLC program. 

 

 Parallel Programming Environment 

Computer systems are classified into four groups SISD, SIMD, MISD, and MIMD. Parallel 

FLC implemented in this work mimics a MIMD system. All processors execute the same program; 

the result referred to as single-program multiple data [10]. Parallel programming environment can 

be classified as multi-processors or multi-computers; each one has either bus or switch connection 

subdivision (Fig. 6) [12]. 

 

Parallel 

Programming 

Environment 

Multi-Processors

(Shared Memory)

Multi-Computers

(Private Memory)

Bus

e.g. Sequent, 

Encore

Switched

e.g. 

Ultracomputer

, RP3

Bus

e.g. 

Workstations 

on a LAN

Switched

e.g. 

Hypercube, 

Transputer

Tightly Coupled Loosely Coupled

MIMD

 
 

Fig. 6 Classification of parallel and distributed computers. 

 

In this work the parallel programming environment consists of four computers connected in 

a LAN through a switch. All computers belong to the same workgroup called "WORKGROUP". 

The computers IP addresses are from 192.168.0.1 to 192.168.0.4. All computers have the same 

characteristics. This parallel programming environment is called a cluster.  Fig. 7 shows the 

physical organization of a cluster of four computers. 

 
 

Fig. 7 Physical organization of the cluster. 

 

For this cluster, software is needed to distribute the jobs, synchronize processes, send and 

receive data, and manage the cluster. MPICH2 [15] is used to execute a parallel program. MPICH2 

is one of the most perfect implementation of MPI-2 standard by Argonne National Laboratory.  
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 Parallel FLC Algorithm 

To design the parallel FLC algorithm, the problem should be decomposed into more than 

one task that can be done concurrently on different computers. Most of computation time in a FLC 

program is due to the searching of rulebase for fired rules. Especially for a large rulebase file the 

time to open and search the file is large.  

The reading and searching of the rulebase file operations can be decomposed, and more than 

one computer can handle these operations concurrently. To do so, the rulebase file should be 

divided into number of files equal to the number of computers in the parallel environment.  

Each part of decomposed rulebase is stored in a computer and the operations of reading and 

searching this file are mapped to that computer. All computers in the cluster read their rulebases and 

search them for the fired rules concurrently during the execution of the program. They also 

aggregate the numerator and denominator of the output value based on the fired rules strength. 

 

The input should be distributed to all computers in the cluster from the root computer. The 

root computer could be any computer in the cluster. It is the interface between the FLC and 

controlled plant, it also participate in problem solution. The inputs from the plant provided to the 

root computer then they will be distributed to all computers by the root computer. When all outputs 

in all computers are ready, they will be transferred to the root computer to calculate the final output. 

This final output will be fed to the plant by the root computer. The flowchart of the parallel FLC 

algorithm is shown in Fig. 8.  
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The FLC for servomotor is used here to evaluate the parallel FLC. The execution time of 

this FLC is shown in Fig. 9. It can be seen that using 4 computers increase the execution time in 

comparison with the employment of 3 computers. The servomotor FLC has 22 rules, executing of 

this controller on 4 computers will not reduce the execution time as much as the increase in 

communication time. 

 

 
Fig. 9. Execution time of FLC for Servomotor. 

 

The speed up factor and efficiency result of executing FLC for the servomotor using 

different number of computers in a cluster is shown in Fig. 10. It is obvious that maximum speedup 

for this simple FLC can be achieved by using three computers to solve the problem concurrently. 

Using more than 3 computers will increase the communication time without noticeable reduction in 

execution time. 

 

 
a) 

 
b) 

 

Fig. 10. Parallel servomotor FLC a) speed up, b) Efficiency. 

 

The maximum efficiency of FLC for servomotor can be achieved using 2 computers in a 

cluster to execute the parallel servomotor FLC program. 

 

 

 



Journal of Engineering Volume 16 June  2010       Number   2 
 

 

 0740 

Antiskid Steering System (ASS) is another FLC system used to evaluate the parallel FLC 

implementation. ASS is one of the most complex fuzzy-logic embedded systems ever developed. It 

reduces the steering angle applied by the driver through the steering wheel to the amount the road 

can take. It optimizes the steering action and avoids sliding since a sliding car is very difficult to re-

stabilize, especially for drivers not accustomed to such situations [16]. 

The execution time of the ASS FLC with 600 rules using different number of computers is 

shown in Fig. 11. 

 

  
Fig. 11. Parallel ASS FLC execution time. 

 

Fig. 12.a shows the speedup factor and Fig. 12.b shows the efficiency. 

The result in Fig. 12 shows that the maximum speedup is obtained when using 4 computers 

while the efficiency is minimum. 

 

 
a) 

 
b) 

Fig. 12. Parallel ASS FLC a) Speedup, b) Efficiency. 

 

Comparing servomotor FLC with ASS FLC it is obvious that the speedup factor and 

efficiency are higher in Parallel ASS FLC. Fig. 13 shows the comparison between speedup and 

efficiency of servomotor and ASS FLCs. 
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a) 

 
b) 

 

Fig. 13. a) Speedup, b) Efficiency; comparison between Servomotor and ASS FLCs. 

 

Another four hypothetical FLC systems are used to evaluate the speedup and the efficiency 

of the parallel FLC program.  

1- A FLC system with 2 inputs, 7 membership function, and 49 rules.  

2- A FLC system with 3 inputs, 7 membership function, and 343 rules. 

3- A FLC system with 4 inputs, 7 membership function, and 2401 rules. 

4- A FLC system with 5 inputs, 7 membership function, and 16807 rules. 

The above FLC systems will be used to calculate the execution time, speedup, and 

efficiency when executing on a cluster of 1, 2, 3, and 4 computers. 

The execution time of these FLC systems are shown in Fig. 14. 

 

 
a) 

 
b) 
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c) 

 
d) 

 

Fig. 14. Execution time of a) A FLC with 49 rules, b) A FLC with 343 rules, c) A FLC with 2401 

rules, d) A FLC with 16807 rules. 

To compare the effect of distributing these FLCs in a cluster the speed up factor must be calculated. 

The speedup factors are shown in Fig. 15. The efficiency values of the above FLCs are shown in 

Fig. 16.  

 

 

 
Fig. 15. The speedup Factors of various FLCs on clusters of different number of computers. 

  

The results show that increasing in number of rules make the speedup factors becomes near 

to the number of computers. This means that for complex FLCs when speedup factor is close to its 

maximum amount, the communication time can be neglected. Also it is clear that for small FLCs 

increasing number of computers in the cluster will increase the communication time which will 

reduce the amount of speedup.  

Fig.16 shows that the maximum efficiency is achieved for the most complex FLC (the one 

with maximum number of rules). Although increasing number of computers in the cluster increase 

the speedup, but in other hand it reduces the efficiency factor.  
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Fig. 16. Comparison of various FLC systems Efficiency. 

 

The results show that choosing number of computers in the cluster that will participate 

in solution of the FLC problem has direct effect to speedup, efficiency, and communication time. So 

choosing the number of computers in the cluster is a tradeoff between speedup and efficiency. 
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CONCLUSIONS 

In this research three types of FLC implementations, were introduced. The first one 

implemented with the rules stored inside the program. Comparing this implementation with 

MATLAB fuzzy toolbox implementation, shows that the former one has less execution time.  

The experimental results show that above two implementations are not appropriate for 

complex and large FLCs, since both have rulebase size limitation.  

The second FLC implementation with rules stored in a file on hard disk solves the memory 

problem of the previous implementations on the account of execution time. Rulebase searching time 

is growth by increasing number of rules. Complex FLC spend much time in searching the rulebase 

file for fired rules. This operation can be decomposed and mapped to more than a computer. 

Running the FLC program, on a parallel environment, decrease the execution time especially for 

complex FLCs.  

The third FLC implementation is based on decomposing the second FLC implementation to 

be executed on more than a computer. The experimental results shows that increasing number of 

computers, decreases the execution time until a point that because of the communication overhead, 

the execution time will not be decreased anymore. For simple FLCs this point is reached using few 

computers. But for complex FLCs with large number of rules, using more computers in the cluster 

can decrease the execution time.  

Although adding more computers in the cluster increase the speedup factor but in the other 

hand, the efficiency will be decreased. Choosing number of computers in the cluster to solve a FLC 

program is a tradeoff between speedup and efficiency. 
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ABSTRACT 

 This research presents and discuss the results of experimental investigation carried out 

on geogrids model to study the behavior of geogrid in the loose sandy soil. The effect of 

location eccentricity, depth of first layer of reinforcement, vertical spacing, number and 

type of reinforcement layers have been investigated. The results indicated that the 

percentage of bearing improvement a bout (22 %) at number of reinforced layers N=1 

and about (47.5%) at number of reinforced layers N=2 for different Eccentricity values 

when depth ratio and vertical spacing between layers are (0.5B and 0.75B) respectively. 

- :انخلاصت 

قذ َ(  geogrid)  النخقذيز قابهيت انخحمم نخزبت رمهيت مفككت بعذ حسهيحٍا ب مخخبزيًانىخائج نذراست  وسخعزض ٌىا

َحشمم (  geogrid )حمج دراست حأثيز بعط انعُامم نغزض انحصُل غهى انخصزف انعاو نهخزبت انمحسىت بال 

مه انخسهيح ، َانمسافت انعمُديت بيه طبقاث  الأَنىعمق انطبقت  زقيمت اوحزاف انحمم عه انمزك ٌذي انعُامم

نطبقت  (%22) قذ َصهج إنىوسبت انخحسيه  أنَقذ بيىج انىخائج  .عذد طبقاث انخسهيح َ وُع طبقت انخسهيح,انخسهيح 

ا حكُن عىذم مع حغيز مُقع اوحزاف انحمم عه انمزكز اسخخذاو طبقخيه مه انخسهحعىذ  (%47.5) حسهيح َاحذة َ

 .عهى انخُاني(0.75B and 0.5B) مثبخً نكم انفحُص  عمق أَل طبقً َانمسافت انعمُديت بيه انطبقاث

INTRODUCTION 

       The use of reinforced earth is a recent development in the design and construction 

of foundations and earth-retaining structures. Several authors studied strip foundations 

but reinforced with different materials such as steel bars (Milovic, 1977; Bassett and 

Last, 1978; Verma and Char, 1986), steel grids (Abdel-Baki et al. 1993), geotextiles 

(Das and Shin, 1994) and geogrids (Ismail and Raymond, 1995). All of these 
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researchers concluded that reinforcement increased the bearing capacity and reduced the 

corresponding settlement of the foundations compared to the unreinforced soil. 

        The present study was undertaken to investigate the bearing capacity of square 

footings on geogrid-reinforced sand. The parameters that are investigated include; 

 Eccentricity  value (e) 

 Depth Ratio of first layer (u/B=0.75), where u and B are depth of first reinforced 

layer and footing width respectively. 

 Vertical spacing between layers (z/B=0.5), where z and B are vertical distance 

between layers and footing width.                                    

And Br/B=3 for tests where Br and B reinforcement layers width and footing width. 

     The symbols of the geometric parameters used in the present paper are shown in 

Figure (1).  

                                                   P     

                                  e                             

                                                                

          

  B         u=0.75B 

N=1 

N=2   z=0.5B  

        

 Br 

                                            

Figure (1) Geometric Parameters of Reinforced Foundation. 

EXPERMENTAL TESTS:- 

      A series of model loading tests were conducted inside steel box of 600 X 600mm x 

700mm in size the box was made of steel plate of 3mm thickness, stiffened with angle 

sections, as shown in Plate (1). The internal faces of the box were covered with 

polyethylene sheets in order to reduce the slight friction which might be developed 

between the box surface and soil. Static vertical loads were applied using electrical  
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hydraulic pump. Loads transferred from the pump to a hydraulic jack were carefully 

recorded by proving ring installed between the jack and the tested footing. 

 

      The footing was loaded at a constant loading rate to failure. The ultimate bearing 

capacity was defined as the state at which either the load reached a maximum value 

where settlement continue to without further increase in load or where there was an 

abrupt change in the load –settlement relationship. Settlement of the footing was 

measured using two dial gauges fixed in the middle and edge of footing. 

      The test footing was a square steel plate 60mm in plane and 5mm thick. 

  

 

Plate (1) General View of Testing Equipments 

 

SOIL PROPERTIES:- 

Clean, oven-dried, uniform quartz sand (Kerbela sand) was used in the tests. The sand 

was placed in the test box at unit weight of approximately 15.2 kN/m
3
 (relative density 

is 31%). Some properties of the sand are given in Table (1). 



M.J. Al-Mosawe                                                                              Bearing Capacity of Square Footing 

 A. A. Al-Saidi                                                                                  on Geogrid-Reinforced Loose Sand  

F. W.Jawad                                                                                      To Resist Eccentric Load 

 

                                                                        0994 

Table (3.1) Sand Properties. 

Property Values 

Specific Gravity Gs= 2.63 

Void Ratio and Dry 

Unit Weight 

emax=0.82, γdmin =14.4 kN/m
3
 

emin=0.59, γdmax=17.39kN/m
3
 

eused=0.75, γdused=15.2 kN/m
3 

Relative Density Dr=31℅ 

Angle of Internal 

Friction 

 

Ø=29
 
 

 

The value of (Ø) was obtained from the direct shear test 

REINFORCEMENT PROPERTIES. 

   The reinforcement used in the research is polymer geomesh. The general view for three types used in 

tests described, Plate (2). The dimensions of the geogrid samples used in this study were listed in Table 

(2), the physical chemical properties for sample used were listed in Table (3) and the technical properties 

for sample used were listed in Table (4). 

 

              Geogrid No.1            Geogrid No.2                     Geogrid No.3 

Plate (2) The Reinforcement Used. 
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Table (2): Dimensional properties for geogrids used (Latifia Georgid). 

      Property Unit      Data          

for geogrid 

     No.1 

    Data 

 for geogrid 

     No.2                                                                

     Data 

  for geogrid 

     No.3 

Aperture Size   mm     6x10     26x26  39x39(±2) 

Mass Per Unit Area   g/m
2
       700     520(±℅)   770(±40) 

Roll Width    m       2.0          1.0       2.5 

Roll Length    m       20          20        30 

Roll Diameter    m       0.40         0.43       0.50  

Cross Roll Weight    kg       28.0         10.4      57.75 

  

Table (3): The physical, chemical and biological properties for geogrids used 

(Latifia Georgid).. 

Property    Data for 

Geogrid No.1 

   Data for  

Geogrid No.2 

    Data for  

Geogrid No.3 

Structure   Extruded  

   Geogrid                                                  

  Extruded 

    Geogrid 

  Extruded 

     Geogrid 

Mesh Type   Diamond     Square     Diamond 

Standard Color      Black      Black        Black 

Polymer Type    HDPE     HDPE       HDPE 

U.V Stabilized Carbon Black Carbon Black  Carbon Black 

Chemical Resistance                   Excellent   Excellent     Excellent 

Biological Resistance   Excellent   Excellent     Excellent 

    Packaging    Rolls    Rolls      Rolls 
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Table (4): The technical properties for geogrid used (Latifia Georgid). 

    Property  Unit    Data for 

Geogrid No.1 

   Data for  

Geogrid No.2            

   Data for 

Geogrid No.3 

Tensile Strength   

   at 2℅ Strain      

kN/m 

 

        5.1         2.3        4.3 

Tensile Strength  

   at 5℅ Strain 

kN/m         9.1         4.0        7.7 

  Peak Tensile  

      Strength            

kN/m         16.0         7.1        13.5 

   Yield Point  

   Elongation                        

  ℅         20.0         20.0        20.0 

 

 STUDIED VARIABLE 

Effect of Eccentric Values:- 

      Figure (2) illustrates the load –settlement curve for a point at the footing edge while 

Figure (2) shows that curve for a point at the footing center for different eccentricity 

values. It can be seen that increase  in the load carrying for reinforced sand with 

decrease the eccentricity values. But settlement edge dial decrease and settlement center 

dial gauge increase with decrease the eccentricity values. 
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Figure (2) Load – Edge Settlement Curves for Different Eccentricity Values, 

u/B=0.75, Br/B=3 and Number of Reinforced N=1. 
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Figure (3) Load – Center Settlement Curves for Different Eccentricity Values, 

u/B=0.75, Br/B=3 and Number of Reinforced N=1. 

         The same conclusion can be drawn for figure (4and 5) when number of reinforcement layers (N=2) 
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Figure (4) Load – Edge Settlement Curves for Different Eccentricity Values, 

u/B=0.75, z/B=0.5, Br/B=3 and Number of Reinforced N=2. 
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Figure (5) Load – Center Settlement Curves for Different Eccentricity Values, 

u/B=0.75, z/B=0.5, Br/B=3 and Number of Reinforced N=2. 
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       Figure (6) displays load variation with eccentricity values for different reinforced 

number. The load indicates an increase with increase reinforced number for each value 

of eccentricity. For each value of eccentricity, can be find the maximum load can sand 

bearing. 

           ln (p)=-0.58*ln(e) -1.6          e > 0                                                                    

……………………(1) 

        Where    p= applied load (kN) 

                     e= eccentricity value (mm). 
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Figure (6) Load Versus Eccentricity Values for Different Reinforced Number (N), 

u/B=0.75, z/B=0.5, Br/B=3. 

 

Figure (7) illustrates the variation of improvement percentage with reinforced number 

for different eccentricity values. The improvement percentage increases with increasing 

number of reinforcement layers and decreasing eccentricity values. 

For each value of number of reinforced can be determined the improvement percentage. 

      I=11.7(N) -1.5                                                                                   …………. (2) 

      Where:  I= improvement percentage (%) 

                   N= Number of Reinforced 
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Figure (7) Improvement Percentage Versus Reinforced Number for Different 

Eccentricity Values, u/B=0.75, z/B=0.5, Br/B=3. 

CONCLUSIONS 

 For single-layer reinforced sand when the depth ratio is 0.75B, the improvement 

percentage increases about t(20%) for different eccentricity values. 

 For two layers reinforced sand when depth ratio is u/B=0.75 and vertical spacing 

z/B=0.5 improvement percentage increase to (47.5%) for different eccentricity 

values.  

 This equation can be used to calculate the maximum applied load on sand for N ≤ 

2. 

 ln(p)=-0.58*ln(e) -1.6                e > 0                        

  This equation can be used to calculate improvement percentage for N ≤ 2. 

o I=11.7(N) -1.5                                                         
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ABSTRACT 

A constitutive law can be defined as a mathematical functional relation between physical quantities 

such as stress and strain and may take other factors like time ,temperature and additional material 

properties into account. 

     In this paper , the endochronic model is used to predict the stress-strain relations of two Iraqi 

clays. This model is a viscoplastic one but without introducing a yield surface. It encompasses 

material behaviour such that the current stress state is a function of strain history through a time 

scale called “intrinsic time” which is not the absolute time but a material property. 

     The simulation showed that the model overestimates the strains for all cases studied. This may 

be attributed to the material parameters which require a parametric study to determine their actual 

values for Iraqi clays. 

 

KEYWORDS:  Clay, Endochronic Model, Stress, Strain, Model Parameters 
 

 

 الانفعال لبعض الأطيان العراقية باستعمال نموذج الزمن الضمني –التمثيل النظري لعلاقات الإجهاد 
 

 

 الخلاصة
يمكننتعريفينناعيننالعيتعل يليننيتعل ركايعينناع رعاننيعتالطعفيي ننياعرننف اع ننيتعكميننيتعويايياينناعمقننطعلذ اننيتعاعل ع يننيطعاعيننتعرر نن ع المننطع

ع.ئصعأ فىع لميتةع عظفعل  ر يف تيتةعأ فىعمقطعل امتعاعل حفلفةعاع صي
إتعهن لعل عمنا جعهناع.عل ع ينيطع رنف ريتعايعيرنيتع نفلييريت-أسريمطععويعهن لعل  حنثعععمنا جعل نامتعل  نمعيع لرع ناع يلينيتعلذ انيت

اعاعيي ننفع ننتعسننلادعل مننيتةع حيننثعأتعحي نناعلذ اننيتعل حي ينناعركنناتعتل نن.عل لنناجعاع كعننيع عينناتع ننطعسننا ع  ننالع–مننتعل عننالعل لننتتع
ل ن  عي رلناع نتعل نامتعل مالنحعمنتعحينثعأعنيع يصنياعمنتع نالصع"عل امتعل  معي" ريفيخعل ع ييطعمتع لطعمقييسعامعيعيت ىع

اعيينناىعهنن لعإ ننىعميننيملتع.ع قننتع ننيتعل رمقيننطعأتعهنن لعل عمننا جعيياننيعييمننيع ي ينناع لع يننيطع كننطعل حنني تعل رننيعرمننتعتفلسننراي.عل مننيتة
ع.ل ريعرحريجعإ ىعتفلساعمييملتع رحتيتعييمايعل حقيقياع ي عس اع لرفبعل ايعياعل يفلييال ميتةعل ريعير معايعل عما جعاع

 

INTRODUCTION 

Endochronic theory was first introduced by Valanis in 1971. He coined this Greek name 

“Endochronic” that consists of two roots, endos (meaning inner ) and chronos (meaning time). This 
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theory encompasses material behaviour such that the current stress state is a function of the strain 

history through a time scale called “ intrinsic time” which is not the absolute time measured by a 

clock as in viscoplasticity but a material property. Hence, the endochronic theory is a “viscoplastic” 

one but without introducing a yield surface. Therefore, all the complexities and difficulties that 

develop in introducing a suitable yield criteria are avoided, (Valanis,1971). 

     Bazant in 1974 and later with his coworkers extended Valanis theory to predict the behaviour 

of different engineering materials such as concrete , and soils. 

 

 

GENERALIZED CONSTITUTIVE RELATIONS: 

To generalize the uniaxial concept of the endochronic theory into three dimensions, first, the 

definition of the intrinsic time increment, dz, which is used in stead of real time increment, dt, is 

introduced. The intrinsic time for time-dependent behaviour is function of strain increments, d ij   

and time, dt. The dependence of dz upon d ij  is assumed to be gradual to exclude ideal plastic 

reponse. The function of dz will be continuous, smooth, and monotonically increasing. Thus, 

function (dz)
S
 with an appropriate exponent ”s” , can be expanded in a tensorial power series in 

d ij  and dt , i.e., (Bazant and Bhat,1976): 

     
.......

)(





mnklijijklmn

ijijklijijklij

s

dddp

dtpdtdpddpdtpdppdz
2

444
                             (1)                                                       

 

where: 

         P= coefficient matrices, the subscripts refer to the components in the Cartesian coordinates xi, 

i = 1, 2, 3, and number (4) refers to the time axis. 

     Since, dz must vanish as d 0ij  and 0dt  , thus P=0. Setting s=1, and neglecting all 

quadratic terms, then dz = P4. dt  which is of no interest, thus P4 = 0 . Setting s=2, and satisfying the 

conditions of isotropy, the quadratic form of Equation (1) can be written in terms of the first two 

invariants of d ij , as follows, (Bazant and Bhat,1976): 
 

2

3

2

2112

2
)()()( dtPdtPIPJPdz o                                                                                             (2)         

 

where:   

       Po, P1 , P2, P3 = non-negative coefficients. 

       J2 = second deviatoric strain increment invariant, and 

       I1 = first strain increment invariant. 

Then, dz must vainish for both instantaneous time, dt =0, and pure volumetric deformation, J2=0, 

hence P1= 0. Thus, the remaining terms in Equation (2) can be rewritten in the following form: 

    
2

1

2

1

2
)()()(



 dt

Z

d
dz                                                                                                     (3)  

where: 

 dfd  ),(1                                                                               (4.a) 

ijij dedeJd 
2

1
2                                                                                (4.b) 

deij = deviatoric strain increment tensor 

      =  dd ijij 
3

1
 

ij = Kronecker delta. 

d = Volumetric strain increment = kkd   
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1,1z  = Constants. 

     d  is scalar called “damage measure” that depends on strain increments and stresses to predict 

hardening and softening. d  is called “deformation measure” that depends on strain increments 

only. From Equations (3) and (4), d  and  dz represent geometrically the length of path traced by 

material states in a six-dimensional strain space for d , or in a strain-time space for dz., (Ansal et 

al., 1979). 

           Secondly, generalizing of equations to three dimensions using dz instead of dt, and splitting 

the strain components into deviatoric and volumetric components to satisfy isotropy conditions, the 

following differential constitutive equations are deduced: 

     dz
G

S

G

dS
de

ijij

ij 
22

                                      (5.a) 

     omm dd
k

dt

k

d
d 


 





133
                                                                          (5.b) 

where: 

        ddde ijijij 
3

1
 

       332211  dddd  

       d = inelastic dilatancy, 
 

       Sij = deviatoric stress tensor, 
     

            = mijij    

       m = mean stress = kk
3

1
 

       G, K = shear and bulk elastic moduli, and 

       od  = stress-independent inelastic strains (e.g. thermal strains). 

 

     Both of the first terms of Equations (5.a) and (5.b) represent the elastic strain increments, while 

the remaining terms represent the inelastic strain increments. For instance, the term 

)/( 13  Kdtm  represents the time-dependent inelastic volumetric strain, i. e. creep, while d  

represents the time-independent volumetric strain. 

      To develop a quasi-linear elastic incremental constitutive law for simplicity, the plastic stress 

increment tensor 
p
ijd can be obtained from Equations (5) by multiplying Equation (5.a) by 2G, and 

Equation (5.b) by 3K, hence: 

 

    )(
p

ij

p

ij

p

ij dKdeGd  32   

       )/(
o

mijij dKdKdtdZS  331                                                                                        (6) 

The stress increments ijd  are related to the elastic strain increments e
ijd   by the following 

equations: 

 

)dK3(deG2d e
ij

e
ijij                                                 (7) 

Hence, the summation of Equations (7) and (8) yields: 

klijkl

p

ijij dDdd                                                                                        (8) 

where: 

     ijklD  = elastic coefficient matrix  
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THE NUMERICAL PROCEDURE: 

The basic constitutive law, Equation (5), is of a differential form, and the variables that govern 

inelastic deformations are (dz) and ( d ). Bazant and Bhat (1976) used the step-by-step integration 

or step-iterative algorithm  in which for each loading step, a number of iterations are performed till 

satisfaction of equilibrium of stresses and strains occurs. This is assured when the change in values 

of (dz) and ( d ) for the same loading step becomes very small. 

       In this algorithm, the values of (dz) and ( d ) computed from the previous loading step provide 

an initial estimate for the next loading step. 

 

Endochronic Hardining Functions and Parameters: 

The function f1 in Equation (4) that accounts for hardening or softening, should decrease as the 

inelastic strains accumulate, because d is adopted as a measure of the accumulated inelastic strain, 

hence: 





 dFd

f

d
d  ),(;

)(
                                              (9) 

where: 

)(f     = Strain-hardening function. 

),(F  = Strain-softening function. 

Thus, the function )(f  has a significant effect on the non-linearity of the stress-strain relations, 

while the function ),(F   allows for a gradual decrease of these relations on approach to peak 

stress. Both functions depend mainly on material type. 

 

Hardening Functions and Dilatancy for Normally Consolidated Clays: 

The function F in Equation (9) is determined semi-empirically from experimental data. The function 

F is governed by the effective confining stress 

1I , the volume change, 

1I , and the second 

deviatoric strain invariant, 

2J . Bazant et al. (1979) introduced the following formulation for 

function F: 

 

              
)/(01.0

)1(/1
),(

12

2311

PaIa

JaIa
aF











                                              (10) 

where:   a’s = material constants. 

              Pa = atmospheric pressure = 101.3 kN/m
2 

 

     The division of  

1I  in Equation (10) by Pa is to make the relation dimensionless. Constant “a” 

must be positive to ensure irreversible strain increment for the critical case of no hardening or 

softening, (Bazant et al., 1979). 

     The function f () represents the limiting critical case of no hardening or softening. Thus, for 

large values of , this function, f (), must converge to one. The function f () takes the following 

form: 

             





2

1

1
1


)(f                                                                                (11) 

where: 1 and 2 = constants. 

     The dilatancy or densification function d of clays depends on shear and volumetric stresses and 

strains. Hence, the function d depends on 

2J , 

1I  and 

1I . Moreover, d depends on   itself 

because the volumetric strain increment should decrease monotonically till zero as a limit in the 

case of failure. Hence d  is equal to (Bazant et al., 1979): 
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where:     co, c1, c2, c3, c4 = material constants. 

 

d is determined empirically from tests and it depends on the clay type, stress path and stress 

history. 

     The tensile strengths of soils are very small and hence neglected. 

      The elastic moduli G and K of the soil element change during loading, and thus the accumulated 

densification-dilatancy measure   and the effective normal stress also change. Thus, the effect of 

void ratio is: 

        
ne

e

e

e

e

de

o

o

o

ov

o

 3)1(3)1(






                                                                                         (13) 

where:  eo = initial void ratio 

             v = volumetric strain = kk 

             n = porosity. 

while the effect of normal stress is the ratio oo III

111 /)(  , where oI



1 is the initial first stress 

invariant. Hence, the elastic moduli will be equal to: 

       )
3

1( 2

1

11
1

n
b

I

II
bGG

o

o

o









                                                                                             (14) 

where: b1 and b2 = constants, 

    and  )21/()1(
3

2
  GK                                                                                                      (15) 

 

Model Parameters of Clays: 

All material parameters in the previous equations are based on best fit of experimental results. 

         Constant “a” in Equation (10) affects the value of the peak stress. Constant a3 which is called 

“distortion coefficient” is determined by the following correlation proposed by Ansal et al. (1979). 

Based on general pattern of results: 

 

    623481533 .)/(.  PoPaea o                                                                                         (16) 

where: 

       Po = consolidation pressure. 

 

     Similarly, the plasticity coefficient Z1 in Equation (3) that accounts for rigidity and deformibility 

of clays, is determined from the following correlation: 

 

     0396001770002940 2

1 .)/(.)/(.  aooaoo PPePPeZ                                        (17) 

   Ansal et al. (1979) determined an approximate correlation for densification coefficient Co in 

Equation (12), softening coefficient 2  in Equation (11), and the elastic modulus E, as shown in 

Figure (1). This correlation depends on the consolidation pressure Po, and the liquidity index of the 

clay IL, where (Mitchel, 1993): 

 

     
P

pnat

L
I

ww
I


                                                                                                      (18) 

where: 
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    want = natural water content. 

    wp = plastic limit 

    Ip = plasticity index = wL -wP 

    wL = liquid limit. 

      

     Choice of appropriate ratio of the liquidity index to the consolidation stress is tempered by 

judgement in the absence of test results. 

     All other constants are determined experimentally. The values of the parameters as proposed by 

Bazant et al. (1979) are shown in Table (1): 

 
 

Table (1) – Material parameters of endonchronic model for normally consolidated clays. 

Parameter Value 

ao 4 

a1 500 

a2 0.75 

1  5n   (n = porosity) 

C1 2500 

C2 0.25 

C3 1000 

C4 9000 

b1 0.1 

b2 0.1 

 

Computer Program: 

The computer program Endoch, coded in Fortran laguage, was written by the authors. The 

algorithm used in the endochronoc model  incorporates an iterative procedure. The program 

computes stresses, strains, all functions like F, f (), and variables like , , at mid-step loading. 

Iterations are then performed till the tolerance of the values of dz and d becomes less than 0.05 %. 

The values of strain increments, d, intrinsic time, dz, and inelastic dilatancy, d, or the previous 

step are taken as an estimate for the current step. 

 

APPLICATIONS: 

This model have been applied for simulating stress-strain relationships of  two Iraqi soils: 

i) First application  

    Al- Mufty (1990) carried out a series of tests on al-Fao soft clay. Block samples were obtained 

from an area close to the river Shatt-Al-Arab. 

    The top layer of Fao soil was found to be stiff to very stiff brownish gray silty clay with a 

desiccated crust. This layer is followed by a soft to very soft gray silty clay. 

    According to the unified classification system, the soil from both layers may be classified as CL-

CH, inorganic clays of medium to high plasticity. According to, AASHTO M145-73, the soil is 

classified as A-7-6 (16). 
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Fig. (1) – Approximate correlation for:  

                                                                 a) Densification coefficient, Co. 

                                                                 b) Softening coefficient, 2. 

                                                                 c) Elastic modulus, E. 
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The average properties of the soil at sampling depths 1.25 m and 3 m respectively are listed in 

Table (2).  

 
 

 

Table (2) - Average properties of the soft clay from Al-Fao, (from Al-Mufty, 1990). 

 
 

 

Property 
 

1.25 m depth 
 

3 m depth 

Total unit weight t , kN/m
3
 17.9 17.7 

Water content w % 30 45 

Liquid limit wL % 54 50 

plasticity index Ip % 27 24 

Liquidity index IL 0.11 0.79 

Specific gravity G 2.7 2.72 

Sand size fraction % 9 12 

Silt size fraction % 58 60 

Clay size fraction % 33 28 

Activity A 0.82 0.86 

 

 Among the tests carried out by Al-Mufty (1990) unconsolidated undrained triaxial compression 

tests on samples compacted by the standard compaction test to the maximum dry density and 

optimum moisture content. These results are compared with those predicted by the endochronic 

model in Figures (2) to Figure (6). 

     Figures (2) and  (3) represent the samples that are taken from the top layer, and the figures from 

(4) to (6) represent the samples that are taken from the layer below the top layer. 
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Fig. (2) - A comparison between the stress-strain relationships predicted by the endochronic model 

with laboratory tests of Al – Mufty (1990), 3 =300 kPa. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3) - A comparison between the stress-strain relationships predicted by the endochronic model 

with laboratory tests of Al – Mufty (1990), 3 =300 kPa. 
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Fig. (4) - A comparison between the stress-strain relationships predicted by the endochronic model 

with laboratory tests of Al – Mufty (1990), 3 =100 kPa.   
 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. (5) - A comparison between the stress-strain relationships predicted by the endochronic model 

with laboratory tests of Al – Mufty (1990), 3 =200 kPa. 
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Fig. (6)- 0000000000000A comparison between the stress-strain relationships predicted by the 

endochronic model   

              with laboratory tests of Al – Mufty (1990), 3 =300 kPa. 
 

    

It can be observed in these figures that the model overestimates the strains for all the cases studied 

under high stress increments. 
 

In addition, there is no definite yield point can be obtained. Thus it is approximately suitable for 

normally consolidated clays where ductile behaviour of the stress-strain is expected. 
 

ii) Second application  

      Al- Saady (1989) carried out laboratory tests on an A-6 soil during construction of a road 

embankment. A representative area located at Al – Zafarania (south of Baghdad), was chosen for 

the research. The site covers an area of soil composed of silty clay with varying thickness. This 

stratum behaves as normally or slightly overconsolidated soil, have an upper desiccated crust 0.5-

0.75 m thick. 

The distribution of the particle sizes indicated: 

     Clay fraction = 45 %, silt fraction = 37 %, sand fraction = 18 %. 

It is classed as “CL” in a Casagramde classification chart.  

Among the tests carried out by Al- Saady (1989) consolidated undrained triaxial test which was 

designated as series D as shown in Table (3). 

 In addition, unconsolidated undrained triaxial test which was designatd as series G as shown in 

Table (4).  

     Consolidated undrained triaxial test results are compared with those predicted by the 

endochronic model in Figures (7) to (12) which show a comparison between the stress-strain 

relationships predicted by the endochronic model with laboratory tests of Al – Saady, (series, D).  

Consolidated drained triaxial test results are compared with those predicted by the endochronic 

model in Figures (13) to (18). Figures (19) to (24) show a comparison between the volumetric 

strain–axial strain relationships predicted by the endochronic model with laboratory tests of          

Al-Saady, (series, G).  
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Table (3) - The results of series (D), (from Al-Saady, 1989). 
 

Test No. 

 

c   kN/m
2
 

 

eo 
 

wc % 
 

 
f31   kN/m

2
 

 
f










3

1


  kN/m

2
 

 

fu  kN/m
2
 

1 79 0.76 26.0 123.24 3.50 30.81 

2 100 0.70 24.3 123.00 3.55 52.22 

3 150 0.74 25.6 189.21 3.30 72.45 

4 200 0.69 24.6 219.60 3.25 104.45 

5 300 0.75 25.4 279.00 3.25 176.68 

6 376 0.73 26.0 348.01 3.30 224.07 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7) - A comparison between the stress-strain relationship predicted by the endochronic model 

with laboratory tests of Al – Saady, Test 1, Series D. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8) - A comparison between the stress-strain relationship predicted by the endochronic model 

with laboratory tests of Al – Saady, Test 2, Series D. 
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Fig. (9) - A comparison between the stress-strain relationship predicted by the endochronic model 

with laboratory tests of Al – Saady, Test 3, Series D. 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Fig. (10) - A comparison between the stress-strain relationship predicted by the endochronic model 

with laboratory tests of Al – Saady, Test 4, Series D. 
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Fig. (11) - A comparison between the stress-strain relationship predicted by the endochronic model  

                with laboratory tests of Al – Saady, Test 5, Series D. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (12) - A comparison between the stress-strain relationship predicted by the endochronic model  

               with laboratory tests of Al – Saady, Test 6, Series D. 
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Table (4) - The results of series (G), (from Al-Saady, 1989). 
 

 

Test No. 

 

'

c  kN/m
2
 

 

eo 
 

wc % 
 

 
f31   kN/m

2
  

fOV
V 







  kN/m
2
 

1 79 0.66 23.5 198.87 2.300 

2 100 0.69 24.7 281.18 2.283 

3 150 0.75 26.0 348.03 3.026 

4 200 0.75 27.0 405.03 3.016 

5 300 0.69 25.2 752.55 3.590 

6 376 0.72 25.0 913.52 3.710 

 

 

 

 

 

 

 
 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (13) - A comparison between the stress-strain relationship predicted by the endochronic model 

with laboratory tests of Al – Saady, Test1, series G. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig. (14) - A comparison between the stress-strain relationship predicted by the endochronic model 

with laboratory tests of Al – Saady, Test2, series G. 
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Fig. (15) - A comparison between the stress-strain relationship predicted by the endochronic model 

with laboratory tests of Al – Saady, Test3, series G. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (16) - A comparison between the stress-strain relationship predicted by the endochronic model 

with laboratory tests of Al – Saady, Test4, series G. 
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Fig. (17) - A comparison between the stress-strain relationship predicted by the endochronic model 

with laboratory tests of Al – Saady, Test5, series G. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig. (18) - A comparison between the volumetric strain – axial strain relationship predicted by the 

endochronic model with laboratory tests of Al – Saady, Test1, series G. 
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Fig. (19) - A comparison between the volumetric strain – axial strain relationship predicted by the 

endochronic model with laboratory tests of Al – Saady, Test2, series G. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig. (20) - A comparison between the volumetric strain – axial strain relationship predicted by the 

endochronic model with laboratory tests of Al – Saady, Test3, series G. 
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Fig. (21) - comparisons between the volumetric strain – axial strain relationship predicted by the 

endochronic model with laboratory tests of Al – Saady, Test 4, series G. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. (22) - A comparison between the volumetric strain – axial strain relationship predicted by the 

endochronic model with laboratory tests of Al – Saady, Test 5, series G. 

The same behaviour is noticed in this clay. The predicted volumetric strains are closer to measured 

strains under small stress increments. At large stresses, the predicted strains became larger. 
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CONCLUSIONS: 

 The endochronic model overestimates the strains for all the cases simulated under high 

stress increments. 

 There is no definite yield point can be obtained when simulating the laboratory tests. This 

means that this model can be adopted for normally consolidated clays where ductile 

behaviour of the stress-strain is expected. 

  The error in simulation may be attributed to the model parameters, which need to be 

evaluated by carrying out parametric study for Iraqi clays. 
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NOTATION: 

d ij  Strain increments  

dt Time increments 

P Coefficient matrices 

J2 second deviatoric strain increment invariant 

I1 first strain increment invariant 

deij deviatoric strain increment tensor 

ij  Kronecker delta 

d  Volumetric strain increment 

1,1z   Constants 

d  damage measure 

d  deformation measure 

d  inelastic dilatancy 

Sij deviatoric stress tensor 

m  mean stress 

G shear elastic moduli 

K bulk elastic moduli 
od   stress-independent inelastic strains 

ijd  The stress increments 

ijklD  elastic coefficient matrix 
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e
ijd   elastic strain increments 

)(f   Strain-hardening function. 

),(F   Strain-softening function. 



1I  effective confining stress 



1I  the volume change 



2J  the second deviatoric strain invariant 

a’s material constants 

Pa atmospheric pressure 

1 constants 

c’s material constants 

2  softening coefficient 

eo initial void ratio 

v volumetric strain 

n porosity 

b’s constants 

Po consolidation pressure 

Co densification coefficient  

E elastic modulus 

IL the liquidity index of the clay 

want natural water content. 

wp plastic limit 

Ip plasticity index  

wL liquid limit. 
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ABSTRACT  

        This paper presents the building of expert system to enable the inexperience plants 

operators to application of better of wastewater treatment plant. This methodology consists 

of three steps: (i) creation of a decision trees (algorithms) for the diagnosis operational 

problems; (ii) implementation into a real-based system; and (iii) verification. This system 

called expert system for Rustimiyah south wastewater treatment plant operation (ES-RS-

WWTPO). The knowledge acquisitions to build this system ware extracted from literature. 

Moreover local experience ware also incorporated using the results of a well designed 

questionnaire. The results obtained in the application three operational states showed that 

the system was able to diagnosis (correctly) state of plant with reasonable accuracy. The 

programmer language for built this system id Visual Basic 6.0.  

 

 
INTRODUCTION 

        Wastewater is a combination of the waster-carried wastes produced from domestic, 

commercial and industrial sources. It has very complex composition, containing many 

different substances, both suspended, dissolved and a heterogeneous dispersion of organic 

and inorganic solids (11). 

        Wastewater treatment use complexity process and the success of wastewater treatment 

plants depended on their correct and safe operation. The treatment of the water and 

wastewater has become one of the most important environmental issues. Wastewater 

treatment id fundamental for keeping water natural resources (rivers, lakes, and seas) as 

high quality as possible (7). If wastewater id not effectively treated, several problems can 

occur: pollutants will be returned to the environment; decomposition of organic component 

evolves malodorous gases, disease may be spread by microorganisms present in the water 

or by poising due to toxic compounds, the organic nutrient in the wastewater may stimulate 

growth of aquatic plants (10). 

 

Operational State of WWTP 

        The operational state is described by a series of parameters (4). Also it is defined as a 

region that includes only influent parameters and process state variables, or it can also 

include adequate effluent quality variables (9). This may be a multidimensional region, 

where all the process state variables and parameters are located, thus if some of the state 
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variables or parameters drift a way from this region, the process is assumed to be in a 

different operational state, to determine this state, many measurement and observation are 

required (6).   

 
Operational Problems 

        A compilation of the different operational states that may occur in WWTPs ware 

generated based on the explanation that found in literature as shown in table (1).    

 

Table (1) typical operational problems that may occur in WWTPs  

Rising sludge (Denitrification in the secondary clarifier). 

Biological foams at the aeration tank (Foaming). 

Industrial wastes. 

Storms and Rainy water. 

Toxic shock or poisoning. 

Light filamentous bulking. 

Primary sedimentation tank problems. 

Strange wastes. 

Many problems from mechanical or electrical origin. 

Organic overloading. 

Overflow. 

High secondary clarifier sludge level. 

Loading shock. 

Solids shock. 

Side streams. 

Abnormal environmental temperature. 

Other activated solids separation problems. 

    

Artificial Intelligent 

        Artificial intelligent is a branch of informatics that was widely adopted in industrial 

automation during the past fifteen years. AI programs are developed and used in computer 

science since the early days of digital computers (2). 

        Recently, application of AI techniques, such as decision support systems, expert 

systems for municipal sewage treatment in towns and cities of different sizes are 

increasingly attracting the interest of national and international private institutions and is 

gradually being considered as an attractive and proven alternative to conventional control 

(5).  

 

EXPERT SYSTEMS (ES) 
        There are popular AI techniques in industries. Where ES is a computer program that 

uses knowledge and inference procedures to solve problems that are ordinary solved 

through human expertise. The main components of an ES are: (i) Inference engine, (ii) 

Data base; and (iii) User-interface (12). 

        ES incorporated rule kind of programming. They are currently being used in many 

applications in the area of wastewater treatment plant, power systems and power 

electronics. 

        During the last decade, the research of wastewater treatment has been concentrated 

mainly on the operation rather than the design and construction of the treatment plants. 

This is due to the fact that the management and operation of the plants is the key step for 

the efficiency of water pollution control (8). 
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Advantages of Expert Systems 

        According to Gonzales (3) an expert systems have a number of distinct advantages. 

The advantages are: 

 Wide distribution of scares experts. 

 Ease of modification. 

 Consistency of answering. 

 Preservation of experts. 

 Perpetual accessibility. 

 Solution of problem involving incomplete data.   

 

Statement of problem 

        In Iraq, by now suffer from sever lack of experience in wastewater treatment plant 

operation and management. This is due to the circumstances prevailed during the last two 

decades: wars; sanction; and low secure conditions led to the migration of so many 

expertises outside Iraq. Low and lack of maintenance and training capabilities forces the 

authorities to wastewater treatment plants. This is premise upon which the building of an 

efficient ES is necessary.  

 
EXPERIMENTAL SYSTEM 

plant description 

        An expert system to support the diagnosis and solution of the operational 

problems was built for Rustimiyah South wastewater treatment plant located in the 

Diyala river bank (Baghdad city, Iraq). According to Bechtel report (1) Rustimiyah 

south WWTP was designed to serve a total population equivalent of 1500000 capita 

and produce an average final effluent quality of 20mg/l BOD and 30mg/l TSS in order 

to meet the Iraqi national standards set by regulation No. 25 at 1967. It has three stages 

R0; R1; and R2. 

        This plant includes a primary treatment and a secondary treatment to remove 

organic matter and suspended solids from wastewater. Primary treatment is designed to 

physically remove solids material from the incoming wastewater. Coarse particles are 

removed by screens. Inorganic solids are removed in Detritor units and after that 

sewage flow passes to the pre-aeration tanks and many of the organic suspended solids 

are removed by sedimentation tanks. Table (2) shows the No.  Detritors in plant and 

table (3) shows specifications of the pre-aeration tanks and table (4) shows No. of 

sedimentation tanks. 

 

Table (2) the No. detritors in Rustimiyah south WWTP. 

Plant: Process stream Cross flow Detritos 

R0 2 

R1 1 

R2 – stream A 2 

R2 – stream B 2 

 



R.H. Al-Suhaili                                                               Building of an Expert System for WWTP Operation 

 B. J. K.Al-Daami                                                           and Management: Rustimiyah South WWTP as 

                                                                                        A case-stud 

 

 5024 

Table (3) Specifications of the pre-aeration tanks in Rustimiyah south WWTP. 

Plant: process 

stream 

No. of Pre-aeration 

tanks 

Pre-aeration 

capacity (m3) 

Aeration system 

R0 1 560 Diffused air-

Blowers 

R1 None None None 

R2-stream A 1 445 Mechanical 

aerators 

R2-stream B 1 445 = 

 

 

      Table (4) No. of sedimentation tanks in Rustimiyah south WWTP. 

Parameter R0 R1 R2 

Maximum flow (l/s) (FTFT) 1852 2083 4166 

Design surface over flow rate a DWF (m/hr) (SOR) 0.45 2.02 0.5 

Design surface over flow rate max flow (m/hr) (SOR) 1.78 4.05 2.01 

Surface area (m2) 3730 1850 7440 

Total number of tanks 8 2 8 

Diameter of each tank (m) 24.4 34.4 34.4 

 

        Secondary treatment consists of a biological conversion of dissolved and colloidal 

organic compounds into stabilized, low-energy compounds and new biomass cells, 

caused by a much diversified group of microorganisms, in the presence of oxygen. This 

mixture of microorganisms (living biomass) together with inorganic as well as organic 

particles contained in the suspended solids constitutes what is known as activated 

sludge. This mixture is kept in aeration tanks, where table (5) shows No. of aeration 

tanks in Rustimiyah south WWTP. 

 

Table (5) No. of aeration tanks in Rustimiyah south WWTP. 

Plant: 

process 

stream 

No. of 

Aeration 

tanks 

Aeration 

capacity 

(m3) 

Aeration 

systems 

Total 

number of 

aerators 

Aerator 

capacity 

for each 

unit (kw) 

R0 1 14000 Mechanical 

aerators 

64 7.5 

R1 1 18000 = 20 37.5 

R2 1 25000 = 60 18.5 

 

        An aeration tank followed by a secondary sedimentation tanks (SSTs),  

Where table (6) shows No. of SSTs in Rustimiyah south WWTP. 
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Table (6) No. of SSTs in Rustimiyah south WWTP. 

Parameter R0 R1 R2 

Number of installed tanks 4 4 8 

Number of duty tanks 4 4 8 

Diameter of each tank (m) 21.3 26 26 

Original design MLSS (ml/g) 3500 4000 4000 

Design SSVI3.5 at average DWF (ml/g) 94 85 85 

Recommended operating MLSS 2500 2500 2500 

Design SSVI3.5 at recommended MLSS and 

DWF (ml/g) 

145 158 158 

Average plant DWF (MLD) 40 45 90 

FTFT (MLD) 80 90 180 

RAS Flow(MLD)   68.6 63.6 68.7 

 

 

ES-RS-WWTPO 

        In this research an expert system is called expert system for Rustimiyah south 

wastewater treatment plant operation (ES-RS-WWTPO). This system was built in Visual 

Basic 6.0 language. The ES-RS-WWTPO takes into account the operational problems as 

mentioned in the literature review, questionnaire sheet, and these problems are occurred in 

Rustimiyah south WWTP as shown in table (7). 

 

Table (7) types of problems these are applied in the ES-RS-WWTPO 

Treatment types Types of operational problems  

Primary treatment Old sludge, Septic sludge, Sludge removed systems break down, 

Clogged pumps or pipes, Low efficiency of grit removal, Primary 

high sludge density, Inadequate sludge purges, Hydraulic shock, 

High solids loading. 

Secondary treatment (Biological origin) 

Toxic shock 

Activated sludge solids separation problems: 

      Filamentous bulking, Non-filamentous bulking, Biological 

      foaming, Dispersed growth, Pin-point floc, Rising sludge. 

(Non-Biological origin) 

Clarifier problems 

Under loading 

Over loading 

  

Establishing high; normal; and low values for most operational parameters 

        At this point, the action range determined for every parameter nigh; normal; and low 

value for each operational parameters used in ES-RS-WWTPO as shown in table (8). 
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Table (8) High; normal; and low value for each operational parameter used in ES-RS-

WWTPO. 

Parameter Low value Normal value High value 

COD-I <650 650-850 >850 

COD-PE <500 500-655 >655 

COD-E <98 98-128 >128 

BOD-I <300 300-400 >400 

BOD-PE <210 210-280 >280 

BOD-E <30 30-40 >40 

SS-I <230 230-330 >330 

SS-PE <70 70-100 >100 

SS-E <23 23-33 >33 

DO <1 1-2.5 >2.5 

pH <6.5 6.5-8.5 >8.5 

SRT <5 5-8 >8 

V30 <50 50-200 >200 

SVI <50 50-100 >100 

F/M <0.25 0.25-0.35 >0.35 

MLSS <1000 1000-2000 >2000 

COD (E)/P <400 400-600 >600 

COD (E)/N <45 45-68 >68 

 

 

Description of ES-RS-WWTPO 

        The built system consists of many interaction windows, as explained in details: 

A- User name and password window: as shown in figure (1) 

 

          Figure (1) The (input user name and password) window for ES-RS-WWTPO. 
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After the operator of plant was input the user name and password and click on cmd (ok), 

new window will appear; as shown in figure (2) 

 

 

             Figure (2) The starting window for ES-RS-WWTPO. 

 

If the operator wants to run f ES-RS-WWTPO, he clicks on cmd (start). 

 

B- Start window: as shown in figure (3) 

 

       Figure (3) The (system name, version and copyright) window for ES-RS-WWTPO.  
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C- Main window of ES-RS-WWTPO: as shown in figure (4) 

 

              Figure (4) The main window for ES-RS-WWTPO. 

 

C1- Communication of ES-RS-WWTPO with the operator 

After the operator clicks on cms (DATA input window), window will appear as shown in 

figurer (5) 

 

 

 

         Figure (5) The data input window for ES-RS-WWTPO. 
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C2- Role of the dynamic ES-RS-WWTPO 

After the operator clicks on cmd (calculate and compared data), new window will appear 

as shown in figure (6) 

 

         Figure (6) the calculation data window for ES-RS-WWTPO. 

 

Where the operator clicks on cmd (calculate the following data), this system begins the 

calculate of the important parameters in the biological treatment. If the operator clicks on 

cmd (check all data), new window will appear as shown in figure (7) 

 

 

 

      Figure (7) the level for each operational parameter window for ES-RS-WWTPO. 
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The above window will classify the input data and calculate data to high; normal; and low 

level for several pouts along treatment line. 

Id the operator wants to check state of plant, he clicks on cmd (check state of plant 

operation), new window will appear as shown in figure (8) 

 

 

     Figure (8) The level for each operational parameter window for ES-RS-WWTPO. 

 

When this system has concluded that the process is affected by (such as biological foaming 

problem), the operator can clicks on cmd (ok) that refers to the problem and new window 

will appear as shown in figure (9) 

 

     Figure (9) the results of diagnosis and remedies window for ES-RS-WWTPO. 
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The No. of interactive windows for all operational problems that included in ES-RS-

WWTPO is 153 windows, as well as windows of results, documentation and maintenance 

methods for plant. 

 

C3- Query of ES-RS-WWTPO: as shown in figure (10). 

 

    Figure (10) (QUERY ALL DATA IN DATABASE) window for ES-RS-WWTPO. 

 
CONCLUSIONS 

        This paper presents an expert system to operation and management of Rustimiyah 

south WWTP. This system contribution id based on the methodology proposed and 

applied, which is based on build of decision trees (algorithms). An ES-RS-WWTPO was 

tests by application three real operational situation in WWTP. This application proved the 

capability of this system to diagnosis state of plant. This system can be exported as a 

protocol to any wastewater treatment plant with similar technology with minor changes. 

The ES-RS-WWTPO built and implemented in Rustimiyah south WWTP can be a useful 

tools to improve urban WWTP management. 
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ABSTRACT 

 

The aim of this paper is to evaluate the effect of the converter system on the power factor of the 

supply network .Therefore a 3-phase, 6-pulse , bridge converter is assembled and connected to a power 

supply through a 3-phase ac voltage regulator .The theoretical analysis is simulated using Fourier series 

analysis and Fast Fourier Transform ( FFT ) algorithm . The experimental measurements of distortion 

factor , displacement factor and total power factor are recorded . The experimental results are shown to 

be coincident with the theoretical results. The consideration of power factor improvement relative to 

distortion and displacement factors is discussed.  

 الخلاصة 
لذلك تم تجميع و . لمشبكة المجهزة(   power factor)ثير مغير القدرة عمى معامل القدرة إن الهدف من هذا البحث هو تأ

استخدمت طريقتان لمتحميل . ربط مجهز قدرة مستمر ثلاثي الطور ذو ست نبظات و باستعمال منظم فولتية في الطرف المتناوب 
تم ( .  Fast Fourier Transform) تحويل فورير السريع و (   Fourier series analysis)تحميل سمسمة فورير : النظري و هما 

معامل القدرة  و  و(   distortion factor)  و معامل التشويه(  displacement factor) استنتاج النتائج العممية لمعامل الإزاحة 
عن طريق تحسين معامل الإزاحة و معامل  تم مناقشة طرق تحسين معامل القدرة و ذلك. تم مقارنة النتائج النظرية مع النتائج العممية 

 .التشويه 
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KEYWORDS: power factor, displacement factor, distortion factor, harmonic currents, power factor 

correction, effect of dc inductance. 

 

INTRODUCTION 

 

Power factor has increasingly become a topic of discussion when specifying loads and ac\dc 

power sources. When large nonlinear loads are connected to utility systems, significant harmonic 

currents are produced. The converter harmonics cause increased heating of the utility and other 

customer equipment and can lead to system resonance. Therefore, the harmonics need to be taken into 

account in various system evaluations[L. Cividino , 1992].Harmonics can be defined as “ a sinusoidal 

component of a periodic wave or quantity having a frequency that is an integral multiple of the 

fundamental frequency”[ IEEE standard 519 – 1992, 1993] .The harmonics for a 6-pulse converter, 50 

Hz fundamental frequency are the fifth (250 Hz), the seventh (350 Hz), the eleventh (550 Hz)…etc. 

 

The most noticeable problem associated with electrical rectification was the inherently poor 

power factor of the power system. The power factor of a circuit is universally defined as “ the ratio of 

the active or average power, in watts, to the apparent power or product rms volt times rms ampers at 

the terminals". The above definition is based on the assumption that loads on the system have liner 

voltage-current characteristics and that harmonic distortion of the current and voltage is not significant. 

With these assumptions, the power factor is equal to the displacement factor. Harmonic distortion in 

the current and voltage caused by AC/DC converters in the system changes the way power factor must 

be defined[W. Shepherd and P. Zand , 1979].In this case, the total power factor is defined as “the ratio 

of the total power input, in watt, to the total volt-amperes in the circuit” , the total power factor made 

up of two components; displacement and distortion factors. The displacement factor is “the ratio of the 

active power of the fundamental wave, in watt, to the apparent power , in volt-amperes”[P. Filipski 

S.,1991].This is the power factor that is measured by metering. The distortion factor is that part 

associated with the presence of harmonic current and voltage [IEEE standard 519 – 1992, 1993]. 

The association of total power with displacement and distortion factors is important because it 

highlights the factors which determine the overall power factor of a system. A poor power factor can be 

the result of either a significant phase difference between the voltage and current at the load terminals, 

or it can be due to a high harmonic content or distorted/discontinuous current waveform. 

Poor load current phase angle is generally the result of an inductive load such as an induction motor, 

power transformer, lighting ballasts, welder or induction furnace. A distorted current waveform can be 

the result of a rectifier, variable speed drive, switched mode power supply, discharge lighting or other 

electronic load. 

The power factor correction (PFC) can be made if the distortion factor and displacement factor 

are improved. The distortion factor is increased by reducing the harmonic currents from entering the 

main system by providing a shunt filter of low impedance to the harmonic frequencies. These shunt 

filters also supplies all or part of the reactive power consumed by the converter, the remainder being 

supplied by shunt capacitor banks Which used to improve the displacement factor. A large number of 

topologies and control strategies are implemented to achieve rectification in 3-phase supply with high 

power factor[H. Mao , etal , 1997 ; Y. Jang and M. Jovanovic , 1998]. 
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The objective of this paper is to analyze the supply total power factor of the 3-phase, 6-pulse , 

ac\dc bridge converter with the use of 3-phase ac voltage regulator theoretically and experimentally. 

 

* DISPLACEMENT FACTOR, DISTORTION FACTOR AND TOTAL POWER FACTOR 

 

The angle between the fundamental supply voltage and the fundamental component of the supply 

line current is known as displacement angle ( 1). The cosine of the input displacement angle is the 

displacement factor (cos 1). The displacement factor can be also defined as the ratio of the active 

power to the fundamental apparent power. 

The distortion factor is defined as the ratio of the rms amplitude of the fundamental component of 

the input supply line current, to it is total rms amplitude, that is:  

 

 

      

 

The total power factor is defined as the ratio of the total active power input, in watt, to the total 

apparent power in the circuit, that is: 
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* POWER FACTOR UNDER LINEAR AND NONLINEAR LOADS 

 

The linear load is that load draw a sinusoidal current wave when supplied by a sinusoidal supply 

voltage. Only the fundamental component of the supply voltage and line current are exist. The active 

input power could be described as: 
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Which leads to: 

P = En . I1. cos φ1                                               (4)     

 

The apparent power will be given by :  

 

(1)    cos 1

LI

I
  
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S = S1 = En . I1                                                           (5) 

By definition the total power factor is given by:  

                                                                                           (6)         

          

It can be deduced that in the linear loads the total power factor is equal to the 

displacement factor. 

In the case of nonlinear load the current drawn from the main supply voltage is non-sinusoidal 

(distorted) and can be represented by Fourier summation of the fundamental and harmonics 

components: 

 

(7))sin(2)(sin2)(
211 




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h hh thItItI    

The active power drawn from the supply system due to each harmonic component of current is 

given by: 

 

(8) 02
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That means the active power transferred only by combination of voltage and current components of the 

same frequency 

The total rms line current and total apparent power is given by: 

 

(9) 
1

2

2

22

1 









h

h

h

hL IIII

  

(10) ..
1

2





h

hnLn IEIES

   

By the use of Eq. (1), the total power factor will be : 
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Thus, the power factor of nonlinear load is made up of product of two components: displacement 

Factor ( cos φ1 ) and the distortion factor ( I1 \ IL ) which associated with the harmonics present. 

Since, by definition, IL is greater than I1 due to the presence of harmonics current component, the 

distortion factor is less than unity and hence the power factor is less than unity even in those cases 

where cos 1  has it is maximum value of unity.  

The distortion power ( D ) is created by the combination of voltage and current components of 

harmonic current . Only fundamental frequency powers (P, Q and S1) can be represented by a triangle 

phasors as shown in Fig.1.a .The total apparent power and distortion power are only numerical values. 

The distortion power is perpendicular to the plane P, Q and S1, so that the total apparent power (S) is 

conventional to represented geometrically by a three dimensional representation (space diagonal) as 

shown in Fig.1.b[Task Force , 1996]. 

 

 

 

 

 

 

 

                        

 

* POWER FACTOR IN TERMS OF FOURIER SERIES COEFFICIENTS 

  The total power factor can be calculated also by using the Fourier series analysis. For a periodic 

non-sinusoidal current I(ωt) of a periodicity 2π radians the Fourier coefficient a1 and b1 for the peak 

value of the fundamental line current are: 
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1 2
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P 

Fig.1 Power phasor diagram ( a ) linear load ( b ) nonlinear load. 

 
 

 a. b. 
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The rms value of fundamental line current (I1) is given by:  
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The displacement factor can be shown to be: 
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The distortion factor is given by: 
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The total power factor is found to be : 

 

(17) 
2

1

LI

b
PF 

    

* MODELING AND ANALYSIS OF AC\DC CONVERTER           

 At low ac level network ( i.e. 0.4 Kv ) , 3-phase , 6-pulse , AC\DC bridge converters are 

recommended when dealing with power up to 150 Kw. In case of high dc current , it is preferable to 

control the supply ac voltage by means of 3-phase ac voltage regulator as shown in Fig.2.This allow 

the thyristors to control the lower primary current , which results in simpler more economical power 

circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

Let the ac supply phase voltages be: 

 
Fig.2 Circuit configuration of ac voltage regulator with 3-phase bridge rectifier. 
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The corresponding line-to-line supply voltage be: 
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The operation of this model of AC\DC converter is depends on the firing angle values. On varying 

the firing angle α from 0
o
 to 30

o
 as measured from zero transit of the phase voltage , there is no control 

on the thyristors conduction . The thyristors start to be controlled fully after  wt = π \ 6 of the transit of 

the phase voltage. During this period , the transformer is subjected to balance 3-phase supply voltages. 

At any instance of time, two diodes conduct one in the positive half and the other in the negative one. 

For the range of α , 
oo 

 6030  , there are certain periods when three thyristors conduct and another 

when two thyristors conduct simultaneously. This particular mode of operation is represented the 

notation mode 2\3. It may be noted that the period during which three-thyristors conduct 

simultaneously decrease as the firing angle is retarded and when the firing angle is 60
o
 or more three-

thyristors simultaneous conduction ceases. This operation of the circuit describe as mode 2\2 , extends 

over the firing angle rang from 60
o 

to 90
o
 . Last mode of operation is referred to as mode 0\2 describe 

the operation for firing angle rang from 90
o
 to 150

o
 which discontinuous condition is occur. Fig.3 

shows the waveforms of secondary and supply line currents for different modes of operation . 

 

 

* CALCULATION OF DISPLACEMENT FACTOR, DISTORTION FACTOR AND TOTAL 

POWER FACTOR 

 
The displacement, distortion and total power factor at the supply side can be evaluated in terms of 

Fourier coefficients . The displacement factor can be found by using Eq.(15) and the Fourier 

coefficients and given by: 
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By Combination of Eq. (1) and  the Fourier coefficients ,results in the following expression for 

distortion factor: 
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The supply total power factor is obtained by using Eq. (14), or can be expressed as the product of 

Eq. (20) and (21) and given by: 
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Fig.3 Secondary and supply line currents for different firing angles. 
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- Simulation and Experimental Results 
 

The Harmonic current magnitudes are evaluated using two methods; Fourier series ( FS ) 

decomposition and Fast Fourier Transform ( FFT ).The FFT method described the current waveform in 

the time domain and can easily be performed via computer software to arrive at the constituent 

harmonics. The MatLap software is used to compute the FFT of the supply line current and the 

complete data vector input takes exactly one period to sample. The sampling rate is taken to be 180 

sample per complete period ( i. e. 180 sample\ 20 msec. ). 

A 3-phase , 6-pulse , 4.2 Kw is assembled and connected to 0.4 Kv power supply through 3-phase , ac 

voltage regulator  (fig.(2)). The driver input signal to the firing circuit is in the range ( 0-6.3 ) which 

provides a firing angles from zero to150
o
 . A 5 KVA , delta\star transformer of 19 turns ratio ( step 

down ) is used and the load is a pure resistive of 0.15 Ω . 

 Fig.3 shows the experimental waveform of the supply line current and the corresponding frequency 

spectrum. The displacement, distortion and total power factors computed by tow simulation methods 

and these results and the experimental results are shown in Fig.4 – Fig.6. Form Fig.4 , it can be seen 

that the displacement factor has a maximum value of 0.94 at uncontrolled region ( α ≤ 30
o
 ) . This is 

due to the supply current is approximately in phase with the supply phase voltage. With firing angle 

increases the displacement factor is rabidly decrease because the firing angle shifts the supply current 

waveform and this increase the displacement angle , hence , decrease the displacement factor. 

The changes in the distortion factor values with the increase of the firing angles are small as shown in 

Fig.5. For firing angle greater than 70
o
 , the harmonic currents begin to effect the values of distortion 

factor and this affect increases as the firing angle increases. The distortion factor is equals to 0.932 at α 

= 70
o
 and decrease to 0.812 at firing angle equals to 110

o
 . Also , the fundamental component of 

experimental results is found to be greater than the theoretical results , especially at higher firing 

angles, and this explain the reason of significant reduction in the distortion factor of the experimental 

results. From Fig.6 , the maximum total power factor is 0.914 which is measured at no control angle 

and reaches zero at  α = 150
o
. 
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 Fig.3 Experimental waveforms of the supply line current and 

corresponding frequency spectrum. 
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Fig.4 Simulation and experimental results of displacement factor. 

 

Fig.(5) Simulation and experimental results of distortion factor. 
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CONCLUSION 

 
 In this paper , the total power factor of the 3-phase, 6-pulse , ac\dc converter with 3-phase ac 

voltage regulator at the supply side is analyzed theoretically and experimentally. The theoretical 

analysis for the harmonic current , and total power factor are simulated using Fourier series analysis 

and Fast Fourier Transform ( FFT ) algorithm . A 4.2 Kw ( 26 v \ 162 A )  , 3-phase, AC|DC converter 

is assembled and the experimental measurements of harmonics amplitudes,  total power factor and 

other parameters were carried out.  From the results of distortion factor , displacement factor and total 

power factor it can be deduce that the agreement between experimental and simulation results is fair 

but there are small differences between them . This is because of commutation effect , errors in 

measuring exactly the values of firing angle , and the instrument inaccuracies. The improvement of the 

distortion factor , and consequently the power factor , is recommended for firing angle greater than 70
o 

, while the displacement factor improvement is required for firing angle greater than 30
o
. From above 

consideration , it can be concluded that the distortion factor does not cause poor power factor for firing 

angle less than 70
o
and the factor that significantly effects the power factor is the displacement factor. 

For firing angle greater than 70
o
 , both the distortion and displacement factors are responsible of lower 

power factor. 

                            Fig.(6) Simulation and experimental results of power factor. 
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The model of AC|DC converter ,which considered in this paper , is preferable to be used at low voltage 

level network to produce low dc voltage , high dc current . This allow the thyristors to control the lower 

primary current , which results in simpler more economical power circuit. 
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LIST OF SYMBOLS 

  = Firing angle. 

Cos φ1 = displacement factor. 

Cos δ = Distortion factor. 

D = distortion power. 

Ed = Average direct voltage. 

En = ac supply line-to-neutral voltage (rms). 

h = order of harmonic. 

i ( t) = Instantaneous supply current. 

Id = Average value of dc load current. 

Idm = crest value of dc load current. 

Il = fundamental component of IL. 

Ilo = fundamental component of IL , assuming zero phase control. 

IL = supply line current (rms). 

K = Integer no. , 1,2 ,3 , … 

P = Active input power. 

PF = total power factor. 

R = Resistance of dc load. 

S = Total apparent power. 

S1 = fundamental component of apparent power. 

T = Transformer turns ratio. 

VA, VB, VC = Instantaneous line-to-neutral 3-phase supply voltages. 

VAB, VBC, VAC = Instantaneous line-to-line 3-phase supply voltages. 
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ABSTRACT 

This study concerns the control of movement of Dense Non-Aqueous Phase 

Liquid (DNAPL) in saturated zone in the presence of relatively low permeability lens. 

A two-dimensional, finite-difference numerical model for the simultaneous movement 

of the DNAPL and water through the saturated zone of the soil is developed. The 

system is, actually, a three fluid phase system (water, DNAPL and air) but in the 

derivation of the model, air was treated as an immobile phase at constant atmospheric 

pressure. The flow equations for Dense Non-Aqueous Phase Liquid and water are cast 

in terms of the wetting and non-wetting fluid pressure heads respectively. The finite- 

difference equations are solved fully implicitly using Newton-Raphson iteration 

scheme with a Taylor series expansion to treat the nonlinearity. The present numerical 

results are compared with results of Kueper and Frind (1991b). The results of all tests 

showed that the presence of lens controls the vertical movement of Dense Non-

Aqueous Phase Liquid (DNAPL) in heterogeneous porous medium. 

 
 

تأثير وجود حاجز على حركة السوائل العضوية الاثقل من الماء في الطبقة مشبعة 

 من التربة

 الخـــلاصـــــة
  المـسـمـاةا ,الاثقل من الماء حـركـــة الســوائـل العضـــويــة عمـى بـالسيـــــطـرة  الدراســــة  ىـــذه تتعـــمــق      

Dense Non-Aqueous Phase Liquids (DNAPLs))) استخدام المشـبعة من التربة بواسطـة فـي الطـبقة 
تم تطوير نموذج عددي ذو بعدين واستخدام طريقة الفروق المحددة و اعداد خوازرمية . قميل النفاذية نسبيا حاجز

ة في الواقع يتكون النظام من ثلاث .الماء خلال الطبقة المشبعة من التربة,السوائل العضوية  تمك لحساب حركة
الرياضي  لنموذجاالكن عند اشتقاق ( واليواء (DNAPL)ماء، سوائل عضوية اثقل من الماء)اطوارمن السوائل 

ان المعادلات التي تصف حركة . اليواء كطورغيرمتحرك مع ثبوت ضغط اليواءعند الضغط الجوي معاممة تم 
عادلات الفروقات المحددة حمت أن م. وضعت بدلالة عمود الضغط لتمك السوائل ةالماء و السوائل العضوي
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fully implicitly) ) وباستخدام طريقة((Newton-Raphson مع  (Taylor series)  لمعالجة المعادلات
 المقدم من قبل  عممية اختبار كفاءة النموذج الحالي من خلال مقارنة نتائجو مع نتائج النموذجتمت . ةيخطللاا

Kueper and Frind (1991b) وجود حاجز  يع الاختبارات تشيرالى انالنتائج لجم ((Len  يسيطرعمى الحركة
 .متجانس غيرال خلال الوسط ( DNAPLs)العمودية 

 
INTRODUCTION 

Groundwater is one of the most widespread sources of water, and because of its 

extensive use, ground water contamination has become a major environmental 

concern. The great majority of groundwater contaminants are released either from 

leaking hazardous waste landfills and hazardous waste ponds, or from spills and leaks 

during the storage and transportation of Non-Aqueous Phase Liquids (NAPLs). The 

reason why NAPLs entering soil and ground water system consider serious because of 

the major environmental health and safety problems associated with hydrocarbon 

discharge to the subsurface environment (Hall and Quam, 1976). Hydrocarbon 

products are typically multi-component organic mixtures composed of chemicals with 

varying degree of water solubility. These components are carcinogenic and some at 

least have some diverse health effects (Haskell, 1997; Ali, 2002) (Saleem, 2005).  
 

As the oil migrates, the quantity of mobile oil decreases due to the residual oil left 

behind. If the amount of oil spilled is small, all of the mobile oil will become 

exhausted and the oil will percolate no further. However, if the amount of oil spilled is 

large, mobile oil will reach the water table. When DNAPL such as Trichloroethylene 

(TCE) infiltrates into the soil in large amounts, gravity causes it to sink into the 

groundwater aquifer and remain at the bottom for extended periods of time (Kim and 

Corapcioglu, 2003).  
 

Underground containment barriers are an important method of limiting and/or 

eliminating the movement of contaminants through the subsurface. Barriers are 

currently used for the containment of contaminated waste, as an interim step while 

final remediation alternatives are developed (or decided). The purpose and function of 

the containment system must be determined prior to design and construction of the 

barrier.  Site characterization is an essential part of choosing an appropriate barrier 

(Rumer and Mitchell, 1996). The plume of NAPLs will migrate vertically downward 

under force of gravity until it reach low permeability layer. Then, it accumulates and 

migrates laterally. There are many subsurface barrier technologies commercially 
available and others in various stages of development such as: - (Slurry walls, Sheet 

pile walls, Frozen barriers …etc) (Pearlman, 1999). 
 

There is a significant progress in multi-phase flow modeling during the last two 

decades in groundwater. Multi-phase flow and transport model was presented by 

Abriola and Pinder (1985a). The one-dimensional, finite-difference model included an 

organic phase composed of one volatile and one nonvolatile organic component. Al-

Dulaimi (2006) studied the infiltration and redistribution of Light Non-Aqueous 

Liquid for the state of three fluid phases (water, oil and air) in the unsaturated-

saturated zone of the soil. 
 

Migration of NAPLs can be controlled by barrier systems. Starting in the late 

1950s, gelling liquids were used successfully in grouting by controlling the injection 
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operation. Particulate grouts generally cannot be injected into media finer than 

medium sand. In finer grain-size material, gelling liquids must be used (May et al. 

1986). As noted by Karol (1990), gelling liquids have a greater radius of influence 

than particulate grouts due to their initial low viscosity before gelatin. Rumer and 

Ryan(1995) reported that while several techniques have been demonstrated as the 

pilot scale and others are currently under development, horizontal barrier construction 

has not been developed to the  extent of the  vertical barriers.  Newman (1995) 

barrier-material Zeolites treated with the Surfactant Hexa Decyl Tri Methyl 

Ammonium (HDTMA). HDTMA effectively traps many types of organic and 

inorganic contaminants in soil, while allowing water to pass through the barrier as 

cited by (Basri, 2001). Wipfler (2003) focused on the effect of an inclined soil layer 

with respect to the water table. There is a wide variety of possible barrier systems for 

sanitary landfills of Municipal Solid Waste (MSW) (Rowe, 2005). 
 

The present study is aimed to develop a multi-phase, two-dimensional, finite-

difference numerical simulator which tracks the percentage of oil  saturation as well 

as the lateral and vertical position of the oil plume in the subsurface, resulting from oil 

spillage, in the presence of clay minerals lens as a barrier at the specified times with 

different types of boundary conditions.  

 

METHODS 
 

The basis of the mathematical description of the multi-phase fluid flow in porous 

media is the mass conservation laws. In the present study, the pressure gradient in gas 

phase will be assumed negligible so that the gas pressure remains effectively constant 

at atmosphere (Faust et al., 1989). The mass balance equation for each of the fluid 

phase in Cartesian coordinates can be written as (Bear, 1972):- 
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Darcy’s Law describes the relation between the flux and the individual phase 

pressure. The general multi-phase Darcy’s Law is given by:- 
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The relative permeability (Kr) is a non-linear function of saturation. It ranges in value 

from 0 when the fluid is not present, to 1 when the fluid is present. Darcy’s law can be 

written equivalently in the form of the pressure head as below: 
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By substituting Eq.(3) into Eq.(1), assume that the fluid and the porous medium are 

incompressible, and ignore the source-sink term, the resulting equation can be 

represented by:-  
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Two-Dimensional Numerical Solution 

 

The previously derived mass balance equation (Eq.4) will be re-written as two 

equations in two-dimension, one for water phase and other for oil phase and expressed 

in terms of the phase pressure head as below:- 
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The solution techniques used here consist of a finite-difference approximation 

(implicit method), the Newton-Raphson with a Taylor series expansion to treat the 

nonlinearities, and direct matrix solution (Gauss-Elimination method). These 

techniques result in the following equations:- 
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Fig.1 (a) shows soil cross section for unsaturated-saturated zone and Fig.5 (b) shows 

the discretized domain in X-Z plane with time. 
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                                                kkk rA 1                                           ……….(8) 

Where A =  jia ,  is the coefficient matrix for the linearized system. The collection 

of equations for each solution node leads to have global diagonal coefficient matrix 

(its bandwidth equal to (2* noc+1). This matrix is solved for   and then the 

algorithm enters the next iteration with new values of 
fh  is evaluated as follows:- 
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With highly nonlinear flow problems, the updating method introduced by Cooley 

(1983) which introduces an optimal relaxation scheme, which accounts for the 
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Fig.1 :(a) The common situation to the virtual solution cross section, (b) Image 

to the solution domain. 
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maximum convergence error for entire mesh, is used in the present study in 

conjunction with Newton–Raphson scheme. The convergence criterion used here for a 

given phase f  (=o,w) is as follows:- 
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A typical convergence criterion for pressure head is 0.001 or less. A computer 

program written in MATLAB (version 6.5) was developed to implement the model 

described above. Inherent in any subsurface modeling algorithms are assumptions and 

limitations. The major assumptions include:- 

  The pressure in the air phase is constant and equal to atmospheric pressure. 

  Both water and NAPL viscosities and densities are pressure independent. 

  Relative permeability of water is a function of water saturation. 

  Relative permeability of NAPL is a function of air and water saturations. 

  Capillary pressure is a function of water saturation. 

  Air saturation is a function of NAPL pressure.  

  Darcy’s equation for multiphase flow is valid  

  Intrinsic permeability is a function of space and there is no inter-phase mass 

transfer ( i.e ; the NAPL is truly immiscible in water). 

The major limitations include:-  
 Fractured systems are not treated; transport of dissolved NAPL is not treated  

 The volatilization is not considered. 

 
 

Constitutive Relationships 
 

Modeling of two-phase flow in porous media requires specification of functional 

relationships between capillary pressure-saturation ( Sc  ) and relative permeability-

saturation ( SKr  ).The fluid saturation is a function of the difference between the 

pressures of the two fluids in the porous medium. This pressure difference is called 

the capillary pressure (
woow  ), or capillary pressure head ( woow hhh  ).For 

two-phase system, the capillary pressure-saturation ( Sc  ) relations are typically 

determined experimentally and fitted with some empirical mathematical functions 

either a Brooks and Corey as cited by (Kueper and Frind, 1991b) or (Van Genuchten, 

1980). The capillary pressure-saturation relationship ( Sc  ) developed by Brooks 

and Corey (1964) is adopted in the present study. These relations are:- 
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EFFECT OF CAPILLARY PROPERTIES ON FLUID BEHAVIOR ABOVE A 

SINGLE LENS 
 

A theoretical work presented by Kueper and Frind (1991b) was used as 

verification to the study of influence of porous media properties on the spreading of a 

non-wetting fluid above a single lens of low relative permeability. Numerical 

simulations were carried out within the solution domain illustrated in Fig.2. This 

system consists of a 200 cm-wide by 35 cm-high porous medium containing a single 5 

cm-thick lens of low relative permeability material, the top of which is situated 15 cm 

below the upper boundary. The left- and right-hand side boundaries are subjected to a 

constant wetting phase pressure representative of hydrostatic conditions and are 

maintained fully saturated by water at all times. The top and bottom boundaries are set 

impermeable to each of the wetting and non-wetting phases, except for middle 4 cm 

of the top boundary which acts as the source area for the entry of non-wetting fluid 

under a small water equivalent TCE head of 29.9 cm to simulate an TCE spill. This 

source area is characterized by a constant wetting phase pressure and a constant 

distribution of fluid distribution. 

The outlined solution domain with its prescribed boundary conditions is 

discretized into 800 finite-difference cells with constant nodal spacing of 5 cm in the 

vertical direction and 2 cm in horizontal direction. The initial condition in the cell is a 

hydrostatic distribution of wetting phase pressure, with the water table coinciding 

with the top of the solution domain and 100% saturation of the wetting phase 

throughout. 

Variable time step sizes were used to solve this problem. Initially, when the 

infiltrating pressure front is steep and, consequently, the nonlinearities are strong, the 

small time step must be chosen.  In this case, the initial time step size was 0.000001 

hours. As time passes the infiltrating front smoothes and the nonlinearities weaken. 

This can be seen as the Newton-Raphson iteration scheme requires less iteration to 

converge as time passes. As the amount of iterations decreases, the time step size is 

increased. The final time step size was 0.1 hours for this simulation. 

The simulations illustrate the effect of permeability of the 5 cm-thick lens on the 

spreading of a non-wetting phase infiltrating vertically downward from the source 

area. The non-wetting phase was assigned density of 1400 kg/m
3
 and a viscosity of 

0.57×10
-3

 Pa.s. The wetting phase was assigned a density of 1000 kg/m
3
 and viscosity 

of 1.0×10
-3

 Pa.s. The source boundary condition was specified with a wetting phase 

pressure of 0.00 Pa and wetting phase saturation of 0.50. The fluid properties are 

characteristic of Tetrachlorethylene (TCE) a commonly used industrial solvent. 

The host material of the solution was assigned permeability of f =24.7 cm/hr 

( k =7.0×10
-12 

m
2
), while lens was assigned a range of permeabilities slightly lower 

than that of the host material. The parameters of porous media used in the present 

simulation are given in Table (1). 
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Fig.2: Solution domain for single lens simulations (Kueper and Frind, 1991b). 

 
 

Table1: Porous media properties used for simulation (Kueper and Frind, 1991b). 
 

parameters values 

Host permeability , cm/hr
 )( swh 24.7 

Lens permeability, cm/hr
  )( swl 17.6 

Host displacement pressure. cm )( dhP 22.6 

Lens displacement pressure .cm )( dlP 28.6 

Residual wetting phase % )( rS 7.8 

Pore size distribution index )( 2.48 

Porosity )( 0.34 

 

RESULTS AND DISCUSSION 
 

The theoretical results of case study are compared with results of Kueper and 

Frind (1991b) as shown in Fig.3, Fig.4. There is a satisfactory agreement between the 

present results and those of Kueper and Frind (1991b). Fig.5 illustrates the 

distribution of  non-wetting fluid  in  the  solution domain for the case where the low 

relative permeability lens was assigned a permeability of f = 17.6 cm/hr 

( k =5.0×10
-12  

m
2
)  for times (0.57 hour, 1.13 hour, 1.99 hour and 4.59 hour) as 

calculated by the present model. In these figures, the darker shades indicate higher 

TCE content and the lighters shades lower TCE contents. According to these figures, 

non-wetting fluid encountered the lens; it would pool and spread laterally, allowing 

for a build up of saturation immediately above the lens. Once this saturation brings 

about a capillary pressure in excess of the displacement pressure of the lens, 

35cm  
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penetration takes place. Lateral spreading continues beyond this point of penetration, 

since the lower permeability lens cannot transmit non-wetting fluid at a rate equal to 

the higher permeability host material. 
 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

Fig.3: DNAPL plume location during infiltration after 1.99 hour when 

(a) DNAPL Saturation=0.42 & (b) DNAPL saturation=0.02. 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig.4: DNAPL plume location during infiltration after 4.59 hour when 
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(a) DNAPL Saturation=0.42 & (b) DNAPL saturation=0.02. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.5: DNAPL saturation after (a) 1.99 hour and (b) 4.95 hour. 

 
 

CONCLUSIONS 

       The following conclusions can be deduced:- 

- The numerical solution employed in this study based on the potential form of the 

governing equations with techniques consisted of Implicit Finite Difference, Newton-

Raphson and Gauss-Elimination schemes showed to be an efficient procedure in 

solving problems of two-dimensional water and NAPLs flow through the unsaturated 

and/or saturated zone of three fluid phases system in the presence of low relative 

permeability lens. 

- During infiltration of DNAPL, the maximum saturation occurred below the 

source and when it advanced the saturation will decrease. 

- Observations of (DNAPL) plume migration through heterogeneous porous media, 

upon encounter with a low relative permeability lens, the non-wetting fluid must build 

up the required saturation to generate the necessary capillary pressure facilitating 

entry into the lens. This build up of saturation give rise to lateral pressure gradients, 

promoting lateral spreading of non-wetting fluid above the low relative permeability 

lens. Once the lens has been penetrated, lateral spreading continues because of 

inability of the lens to transmit fluid at rate equal to that of the higher-permeability 

material immediately above the lens.  
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SYMBOLS 

A           Coefficient matrix                                                                        [             ]              

wC          Specific water capacity                                                                [             ] 

oC          Specific oil capacity                                                                     [             ]                      

g             Acceleration due to gravity                                                            [m/s
2
] 

fh          Fluid pressure head                                                                        [m]                                                                                        

ah          Air pressure head                                                                            [m]                                                                                        

aoh         Air-oil capillary pressure head                                                        [m]                                                                                          

oh          Oil pressure head                                                                             [m]                                                                                                                                                                         

owh         Oil-water capillary pressure head                                                    [m]                                                                                           

wh          Water pressure head                                                                         [m] 

dh          Displacement pressure head                                                             [m] 

ji,         Grid identification in X,Z coordinates                                          [            ] 

              respectively. 

w        Water Hydraulic conductivity                                                         [m/s] 

o        Oil Hydraulic conductivity                                                              [m/s] 

f        Hydraulic conductivity of phase f                                                 [m/s]   

fs       The conductivity when the medium is                                             [m/s] 

             saturated with fluid f                                                                                                                                                                                                                                         

r        Relative hydraulic conductivity                                                     [            ] 

ro       Relative hydraulic conductivity of oil                                           [            ]       

rw       Relative hydraulic conductivity of water                                      [            ] 

k           The intrinsic permeability tensor of the medium in Eq. (2)          [            ]                                  

k           Iteration index                                                                               [            ]                                                                                                        

rf        Relative permeability of the phase f                                           [            ]                                                          
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n           Time step identification (if it is superscript)                                 [            ]  

noc   The number of columns                                                                 [            ]                                                                                       

non       The n
th

 grid identification                                                              [            ]                                                                                       

nor   The number of rows                                                                       [            ]                                                                                                

          Pore size distribution index                                                           [            ] 

f         Fluid pressure of phase f                                                             [kg/m
 
s

2
] 

c          Capillary pressure of phase f                                                      [kg/m
 
s

2
] 

w         Pressure of water phase                                                                [kg/m
 
s

2
] 

o         Pressure of oil phase                                                                     [kg/m
 
s

2
] 

fQ        Source or sink of phase f                                                             [kg/m
3
 s]  

q          Volumetric flux (or Darcy’s flux)                                                   [m/s] 

r         The residual due to approximation                                                  [             ] 

 

S         Degree of saturation                                                                          % 

fS       Degree of fluid saturation                                                                  % 

aS        Degree of air saturation                                                                     % 

oS        Degree of oil saturation                                                                     % 

tS         Degree of total liquid saturation                                                       % 

tS         Degree of effective total liquid saturation                                        %   

eS         Degree of effective water saturation                                                % 

t           Time coordinate                                                                               [s]                                                                               

X, Z      Cartesian coordinates                                                                     [m] 

  

 

 

  

 

 

 

                The difference between the approximation                                [m] 

                   and exact solution in fluid pressure head                             

                 Convergence tolerance                                                               [m] 

f               Dynamic viscosity of fluid f                                                    [kg/m s] 

ro            Ratio of oil to water viscosity                                                  [            ] 

f                 Density of phase f                                                                    [kg/m
3
] 

ro            Ratio of oil to water density                                                     [            ] 

w              Density of water at standard temperature                                 [kg/m
3
] 

                  and pressure                                                                          

                Porosity of the medium                                                            [m
3
/m

3
] 

               Damping parameter                                                                  [            ] 

t              Time step size                                                                              [s] 

X            Horizontal increment in X-direction                                           [m] 

Z            Vertical increment in Z-direction                                               [m] 

Greek symbols 



Journal of Engineering Volume 16 June  2010       Number   2 
 

 

 

 

 
5061 

 
 
 
 
 
 
 
 
 

DRAG FORCE OF TWO SPHERES IN POWER LAW FLUIDS 
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ABSTRACT 

The present research is concerned with studying of the drag force on two spheres moving side by 

side and in line in non-Newtonian liquid. Polyacryamide (PAA) solution with different 

concentrations (0.01, 0.03, 0.05 and 0.07)% by weight and water is used for comparison for 

obtaining the effect of fluid properties on the drag force.   

 Different types of spheres stainless steel, glass and plastic with different sizes and densities were 

used. 

Within the considered range of power law index (0.6 - 1), and generated Reynolds number (1.1 -75) 

in power law fluid and Reynolds number (100 - 1000) for water it was found the drag coefficient 

increases with increasing the power law index for constant generated Reynolds number and the drag 

force increases with fluid density increases but it decreases with the sphere density increases.  

 الخلاصة
نة اساووا داّاا  كزيهماامر  الواصاا باينوعما  واوا الّاو  أجنا  إلا   جنباا   تتحركان كرتينبين  قوة الاحتكاك البحث بدراسة  يهتم  

نيااااوتين  ول اااار  غياااار كسااااا ا  وزنااااا   %(0.0.و 0.0., 0.0., 0.0.) مّتمفااااةكيااااز اتر وب (PAA)مايااااد يبمااااادة البااااول  اكر  ةمممااااو 
 (يةوبلاساتيك ياةزجاج ،لمصادأ ةمقاوما ياةحديد)الكارا  مان  مّتمفاة ، وباستّدام انواع ما المقارنة مع السوا ا النيوتينية تم استّدم ال

المحادد  ( مؤشار ساموك الجرياان)  power law index ماد  الااضامن تباين مان هاذل التجاار  ان   .ذا  اقواار وكااااا  مّتمفاة
اا  حاين كانا   (PAA)الباول  اكرلاماياد  سا ا  ا  ( 00- 000)بين  generated Reynolds number  كان( 0 - 00.) بين

 .(...0 – ..0) بين تتراوح ماا  الما   Reynolds numberقيمة 
 generated Reynoldsقيمااة الااا عنااد ابااا  ياازداد بزيااادة مؤشاار سااموك الجريااان الاحتكاااكمعامااا  انتبااين ماان هااذل التجااار    

number   كاااة الكرةزيادة مع  كاااة السا ا وتقا تزداد بزيادةكما تم التوصا ال  ان قوة الاحتكاك. 
 
KEY WORDS: Two spheres, power law fluids, drag coefficient, interaction correlation, drag 

force,  

 
INTRODUCTION 
 

 The fluid dynamic drag on a sphere in an infinite fluid are important in numerous fields including 

chemical, mechanical and environmental engineering. As such, they have been subject to many 

experimental and theoretical investigations; despite such interest existing knowledge is less than 

perfect, and improvements in predictions could be useful in mathematical modeling of particle 

behaviour. In environmental engineering such predictions are used for modeling all particle process 
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in water (flocculation, sedimentation, boiling, flotation and filtration including back wash of filter 

media, liquid–liquid extraction) and particle capture and deposition in air (Brown and Lawler, 

2003).  

  Considerable progress has been made towards the understanding of the accelerating motion of a 

sphere in Newtonian fluids, Clift et al., (1978) have presented a concise summary of the theoretical 

developments on this subject in their classic treatise. In contrast to this, the acceleration motion of a 

sphere in non-Newtonian fluids received less attention, some investigators have described the 

unsteady motion of a sphere in viscoelastic fluids that have constant viscosity (i.e. no shear thinning 

behavior) and exhibit quadratic normal stress differences.   

 However, most materials of practical interest(e.g. polymer solution , polymer melts ,… etc.) 

display what is  called  shear  thinning characteristics ,which its apparent viscosity decreases with 

increasing shear rate .This research concerned with the acceleration motion of two spheres in shear 

thinning type power law fluid. 

 The most common approach by previous investigators is by using the standard Newtonian 

relationships (  RefCD  ) but using a modified (non-Newtonian or generalized) Reynolds number 

gnRe (Kelessidis, 2003). 

        
DRAG COEFFICIENT CORRELATION DUE TO GENERATED REYNOLDS NUMBER 

 In Newtonian fluids there are many relationships for the standard drag  RefCD  are available, 

the more widely used empirical form of drag correlation with the Reynolds number employed from 

10 to 10³ is Schiller and Naumann's correlation (1933). 
 









 3
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Re
6

1
1

Re

24
DC                                                                                                                    (1)  

 

Lali et al. (1989) used five different carboxymethycellulose (CMC) solutions covering the range of 

power law fluid ( n ) between (0.555 – 0.85), with different diameters of glass beads and steel balls, 

thus covering a range of
gnRe )2001.0(   ,the data correlated very well with the Newtonian curve 

defined by:  

 

    687.015.01
24

e

e

D R
R

C              1000Re1.0                                                                             (2) 

 

Darby (1996) predicted the following expression which give an accurate representation for the drag 

in non-Newtonian fluids on condition that A  and B  are made depend on the power law index( n ). 
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 Equation (3) is based on the numerical results of Tripathi et al., (1994) and Tripathi and Chhabra 

(1995), it shows fair agreement with experimental results in the range 14.0  n  (as cited in 

Chhabra et al.,1998).  

 Kelessidis (2004) predicted the following drag coefficient correlation for power law fluid.  

 

   
gn

gn

gn

DC

Re
2635.01

44.0
Re1466.01

Re

24 378,0


     0.1< gnRe <1000                                  (6) 

 

 A comparison of non-Newtonian data with Newtonian data on a ReDC plot reveals that the non -

Newtonian data fall slightly below the underlying curve of the Newtonian data. 

 Dhole et al. (2006) correlated the following equation over the ranges of 5< gnRe <500 and power 

law index values 25.0  n . 

 

   dcn
bn

gn

gn

D aC  Re1
Re

24
                                                                                                        (7) 

 Where: a = 0.148, b b = 2.346, c= 2.423, and d = 0.918. 

 They also concluded that the drag is seen to be enhanced above the Newtonian value in shear 

thickening fluids and reduces in shear thinning fluids at constant Reynolds number. 

  For the settling of sphere in shear thinning fluids ( n <1), as noted by Graham and Jones(1994); 

Koziol and Glowacki (1988) ; Tripathi et al., (1995); Renaud et al., (2004);and Zhu et al., (2003) 

there exists a crossover Reynolds number of 4Re gn , up to which the total drag decreases with the 

power law index increases . From the above discussions, it is appeared that the majority of the 

investigators concluded that the use of Newtonian correlations for non-Newtonian fluids is justified 

by using the apparent viscosity. However, a single equation yielding accurate results is not available 

for non-Newtonian fluids (Kelessidis, 2003).  

DYNAMIC DRAG CORELATION IN NEWTONIAN FLUID 

 It is worthwhile to mention that, a large number of investigators worked theoretically and 

experimentally on the dynamic interaction coefficient of drag force of two spheres in Newtonian 

fluid. There are many correlations for particle interaction effects on drag coefficient λ = CD/CDo for 

two particles fall side by side with the same velocity and for two particles motion in line in 

Newtonian fluid. For two bubbles rising side by side Kok (1993) obtained for the drag coefficient 

the following correlation: 

 

   







2

3

Re1
Re

48
OSgCD                                                                                                     (8) 



A. H. Sulaymon                                                                        Drag Force Of Two Spheres In Power Law Fluids 

A.I.Alwared 

 

 5064 

With: 

 

  ...
3

11

4

3 863   SSSSg
                                                                                                   (9) 

 

 Where S = l/a 

 The presence of the second bubble tend to increase the drag force  due to the interaction results in a 

higher strain rate in the fluid located between the two bubbles. Legendre and Magnaudate (2003) 

found an improved expression for the drag force in Reynolds number range, 500Re02.0  .  

    
2

1

3

Re

211.2
11

Re

48  SSgCD                                                                                             (10)                                                                                                                                                                                                                                             

 They use a correlation factor for the drag force as: 

 

 
3

3

8

1
11














d

l
S                                                                                                            (11) 

                                                                                                                                     

 For two horizontally side by side bubbles at high Reynolds number ,Kendoush (2005) derived the 

following equation: 

 
2

63

4

1

2

1
1
















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













l

a

l

a
                                                                                                          (12) 

 

 For two spheres falling one above the other at very low Reynolds numbers Smoluchowski (1911) 

showed that: 

 
2

4

3

4

3
1 



















l

d

l

d
                                                                                                                  (13)             

 

 Equation (13) is an approximate expression and can only be applied for two equal-sized spheres 

falling with center-to-center distance greater than three diameters. 

 Oseen (1927) extended Smoluchawski's solution, equation (13) for the motion of two spheres so 

that it might be applied to higher Reynolds numbers. Oseen's equation for one sphere falling above 

another can be approximated when the spheres are not too far apart by the following equation: 

(Happel and Pfeffer, 1960) 

 

Re
8

3

4

3
1 










l

d
                                                                                                                      (14)   

 

 The correlation proposed by Rowe and Henwood (1961) for two spheres in line was in a hyperbolic 

form. This is invalid for small interparticle distances since the drag ratio approaches either positive 

or negative infinity at contact (Zhu et al., 1994). 

 




85.0
1                                                                                                                                    (15) 

 

 Where δ=x/d 
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 The above correlation is invalid for small inter-particle distance since the drag ratio approaches 

infinity at contact (Zhu et al., 1994).  

Tsuji et al. (1982) measured the drag force on two spheres in the longitudinal direction with 

Reynolds number less than 10³. 

 











d

l
BA

C

C

Do

D exp1                                                                                                                 (16) 

 

 Where A =1.0083 and B = 0.4995 with correlation coefficient R=0.9980. 

  Zhu et al. (1994) proposed an empirical equation for the drag force variation in the intermediate 

range of Reynolds number in a form similar to Tsuji et al.(1982)equation. 

 

  150Re20exp11 









d

l
BA

C

C

Do

D                                                                 (17) 

 

The coefficients A  and B are both function of Re  and are empirically correlated as:  

 

 253 Re1007.1Re1045.3483.0exp1  A                                                                 (18) 

                                                                                                                               
274 Re1061.5Re1075.8115.0  B                                                                                  (19) 

 

  

DYNAMIC DRAG CORRELATIONS IN NON-NEWTONIAN FLUIDS 
 

 Analogous to Newtonian multiphase flows groups of multi-particles do not behave like those of an 

isolated particle unless the flow is extremely dilute, hence the study of the multi-particle group 

behavior and hydrodynamic interactions among particles is of great importance. Kawase and 

Ulbrecht (1981) used a free surface model and the boundary layer theory to estimate the motion of 

an assemblage of spheres moving in a power law non -Newtonian fluid at high Reynolds numbers 

and concluded that the drag coefficient for an assemblage of solid spheres decrease with the 

increase of the shear thinning anomaly at high and low Reynolds number. Staish and Zhu (1992) 

and Jaiswal et al., (1993) numerically investigated unbounded slow flows of a power law non- 

Newtonian fluid through an assemblage of spheres. Considering the effect of wall and the flow 

disturbance induced by upstream and downstream particle groups.  

 Subramaniam and Zuritz (1994) determined the drag force on multiple assemblies of spheres 

suspended in CMC solutions, from which an averaged drag force on each particle was deduced.   

However, this averaged drag force should not be used in the calculation of dynamic motions of 

particles with strong wake interactions. (Zhu et al.,2003). 

 Zhu  et al. (2003) concluded experimentally and theoretically the drag coefficient ratio of an 

interacting spheres is independent from the power law index but strongly depends on the separation 

distance and the particle Reynolds number in a range of 16.0  n   and , 23Re7.0  gn . 

 Up to date, there is little published information about the interactions between two spheres in non-

Newtonian fluids most of them are dealing with viscoelastic, viscoplastic and yeildstress fluid. 

 It is worth to mentioning that due to lack of any definitive dynamic correlation for two spheres 

(aligned side by side or in line) motion in power law fluid and due to the concluded of Zhu et al. 

(2003) that the drag coefficient ratio of an interacting sphere is independent from the power law 

index but strongly depends on the separation distance and the particle Reynolds number at power 
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law index range between 0.6 to 1, the corresponding correlation for two spheres in Newtonian fluid 

will be used in this study as a first approximation. 

 

EXPERIMENTAL APPARATUS AND MEASUREMENT SYSTEM 
 

 The experimental apparatus is shown in figure 1. It consisted of a borosilicate glass cylindrical 

column of length 2.0 m and diameter of 0.3 m. Two types of liquid were used in this study 

polyacryamaide (PAA) solution as a non -Newtonian liquid with different concentrations of (0.01, 

0.03 , 0.05 and 0.07 %) by weight and water as a Newtonian liquid . 

 The spheres used in the experiments were made of stainless steel, glass and plastic of different size 

and densities table (1). Each sphere pair was connected by a thin steel rod of approximately 1/50 of 

the sphere diameter. The effect of the connecting rod on the motion of the spheres is considered to 

be negligible. The distance between spheres was varied from 2 to 10 radii. A fishing string of 0.18 

mm diameter, passed over an aluminum pulley to a drive weight that provided the driving force, 

suspended the spheres.   

 The external friction was reduced to a minimum with ball bearings on the pulley's shaft. The 

spheres were submerged in the liquid of the column at an initial position of approximately 0.5 m 

from the bottom. Upon release of the string the spheres rose under the action of falling weights. 

Measurements of the velocity of the pairs of spheres were carried out for different sphere diameters 

and sphere separation distances.  On the top of the column there was a system of light source and a 

photo-cell. A small pieces of eight light blocks were fixed on the part of string that was un-

submerged. As the spheres moved in the liquid, the light blocks also moved up through the 

collimator, which made the light intensity seen by the photo-cell varied and hence its resistance. 

This causes a variable voltage drop across the photo-cell. An electronic circuit was constructed to 

measure the time elapsed between two successive light blocks. The electronic circuit components 

consist of light source, photo-cell detector and an interface unit connected to a personal computer.  

 

 

 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Fig. 1 Schematic diagram of experimental apparatus 
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Table1 Properties of spheres 

 

Type Diameter(m) Density (kg/m³) 

 

stainless steel 

0.01  

7660.22 

 
0.012 

0.134 

0.016 

 

glass  

0.072  

2520 

 
0.093 

0.0204 

0.0256 

 

Plastic 
0.0114  

1355 
0.0138 

 

EXPERIMENTAL PROCEDURE 
 

 For calibrating the system, a single sphere submerged in the liquid column was accelerated under 

the action of a falling weight that was slightly heavier than the sphere. As the sphere moved up, the 

light blocks also moved up and passed between the light and the photo-cell. The interface unit fed 

the response to the computer until all light blocks were passed. The online computer displayed the 

velocity of the spheres versus time on the screen.  

 The experimental procedure for two spheres is similar to that with single sphere. The motion of two 

identical solid spheres rising along their line of centers and side by side was carried out for different 

sphere diameters and separation distances. 

 
RESULTS AND DISCUSSIONS 

 

 Modification of Stokes Drag Coefficient due to Reynolds Number 

 

 Consistent with previous studies (Clift et al, 1978; Bagchi and Chhabra, 1991; and Chhabra et 

al.1998), it is assumed here that the drag coefficient of the accelerated sphere is similar to that under 

constant velocity conditions. Equation (1) was used to evaluate the drag coefficient in water while 

equation (10) was used to evaluate the drag coefficient in the power law fluid to take into account 

the effect of generated Reynolds number 76Re1.1  gn  and power law index on the drag 

coefficient of the spheres. 

 The drag coefficient against gnRe for non-Newtonian with different concentrations for two steel 

spheres side by side (d=10mm, l/d=2) is plotted in figure 2 .This figure shows good agreement with 

published data in the literature. 

  It can be seen that drag coefficient decreases for the generated Reynolds number increases at the 

same liquid , but when the shear thinning is increasing (power law index decrease) the generated 

Reynolds number will be decreased with increasing the drag coefficient 
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 Drag Force Correction due to Interaction 

 For the motion of two spheres in power law fluids, no reliable correlations to describe this 

interaction were available and according to the result of Zhu et al. in 2003 , the ratio of drag 

coefficient in power law fluids is exponentially dependent on the separation distance and is strongly 

related to the particle Reynolds number but nearly independent of the power law index 

16.0  n .Therefore, Newtonian correlations are used in this study to predict an expression that 

relates the drag coefficient with the inter-particle distance in power law fluid. 

 
 Drag Force Correction for Two Spheres Moving Side by Side 

 The interaction parameter (λ = CD/CDo) was calculated using equation (11) for two spheres moving 

side by side in polyacryamaide solution for 500Re02.0  gn .  

 Figure 3 shows a comparison between the drag force calculated by equation (11) and Tsuji et al. 

(1982) result. This figure shows that when the spheres are close to each other, the drag increases, 

but the effect disappears at a distance larger than l/d = 2~3, and the drag ratio reaches that of a 

single sphere (i.e. CD/CDo =1).  According to Kim et al., (1998), the drag increases when the two 

spheres get closer from each other probably due to the increase of the shear stress on the sphere 

surface and the change in the pressure distribution owing to the flow acceleration in the gap 

between them. 
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Fig. 3 Drag ratio versus inter-particle distance for two steel spheres side by side 

 

 Drag Force Correction for Two Spheres Moving Along their Line of Centers 

Within the considered range of Reynolds number, 310Re1.0  gn , no dependable correlation 

available to describe the interaction parameter(λ = CD/CDo) for two spheres  moving in the direction 

parallel to their line of centers. So the interaction parameter was calculated from different 

correlations depending on the Reynolds number, Oseen's equation (14) was used for low generated 

Reynolds number( less than 20). 

 Zhu (1994) equation (17) was adopted for intermediate range of Reynolds number. This equation 

was examined at two limits of the separation distances between the two particles. As l→∞, the 

second term in equation (17) vanishes and the drag ratio becomes unity as expected. At contact, the 

drag ratio equals the coefficient A, which gives the minimum value of the drag ratio. Zhu (1994) 

found that the particle Reynolds number affects not only the magnitude of the drag force of an 

interacting particle but also its variation with the separation distance. 

Zhu et al., (1994) results agree with the measurements of Rowe and Henwood (1961) and Tsuji et 

al. (1982).  

 For Newtonian fluids, equation (13) was used. The coefficients of the fitted equation are 

determined as A=1.0083 and B= 0.4995 with correlation coefficient R=0.9980, so equation (13) will 

be :  











d

l
.- 

C

C

Do

D 50exp1                                                                                                                   (20) 

 

 The drag ratio is decreasing during the decreasing of distance between the spheres, but this effect 

disappears at a distance larger than l/d = 5 ~10 and approaches the single sphere value. 

 The reason for this reduction according to Zhu et al., (1994) was the particle interaction renders the 

wake vortex of the leading particle longer than that of a single non-interacting particle. In addition, 

Liang et al. (1996) found that the reduction in the drag ratio results from the wake effect. 

 After that the interaction parameter (λ= CD/CDo) was introduced into equation (6) in order to 

evaluate the effect of interaction on the drag coefficient. The drag force (FD) is then determined 

using: 
 

22

2

1
uaCF fDD                                                                                                                         (21) 

 

 For the motion of spheres in water, the same method of evaluating the drag force will be used but 

instead of equation (6), equation (1) was used. 
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 Effect of Fluid Rheology on the Drag Force 

 Figure (4) shows the relationship between the drag coefficient and power law index at constant 

generated Reynolds number for one steel sphere (d=10mm). It can be seen from this figure that the 

drag coefficient increases with increases the power law index at constant generated Reynolds 

number and shows fair agreement with the result of Dohle et al., (2006). 

 

 

 
 

Fig. 4 Relationship between drag coefficient and power law index at constant generated Reynolds 

number for one steel sphere, d=10mm 

 
 Density Effect on the Drag Force 

  Examining the effect of fluid density on the drag force, the drag force was plotted as a function of 

velocity for different PAA concentration compared with water. Figure 5, shows the effect of fluid 

density on the drag force, i.e. the drag force increased as the fluid density increased. 

 

  
 

 

Fig. 5 Change of drag force with velocity at different fluid densities, for two steel spheres side by 

side (d=10mm, l/d=3) 

 

 To evaluate the effect of sphere density on the drag force, the drag forces are plotted as a function 

of sphere density at constant velocity. Figure 6, shows the effect of sphere density on the drag force 

for two spheres, side by side with 0.07% w/v PAA solution (l/d=1), which indicates that the drag 

force decreases as the sphere density increases.  
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Fig. 6 Effect of sphere density on the drag force, for two spheres, side by side (l/d=1) in 0.07% w/v 

PAA solution  
 

CONCLUSIONS 
 

 Newtonian correlations were used to predict an expression that relates the drag coefficient with 

the inter-particle distance in power law fluid in the rage of generated Reynolds number between 

1.1 and 76 and power law index is 16.0  n ,the following conclusion were obtained : 

 For two spheres moving side by side, the drag increases when the spheres are close to each 

other, but the effect disappears at a distance larger than l/d about 3 and the drag ratio 

asymptotically reaches that of a single sphere similar to that in Newtonian fluid. 

 For two spheres moving in line, according to this correlation, the drag decreases with decreasing 

distance between the spheres, but the effect of interaction disappears at a distance larger than l/d 

about 5 to 10 and asymptotically approaches the single sphere value. 

 Drag coefficient increases with increases the power law index at constant generated Reynolds 

number. 

 The drag force is related to the fluid and sphere density; it increases as the fluid density 

increased while it decreases as the sphere density increase, within the considered range of 

generated Reynolds number. 
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Symbols 

a Sphere radius, m 

n  power law index (flow behavior index),dimension less 

CD Drag coefficient,- 

CDo Drag coefficient of an isolated sphere,- 

d Sphere diameter, m 

FD Drag force, N 

k  consistency index, (Pa.s
n
)  

l Distance between the centers of spheres, m 

u Sphere velocity, m/s 

Re Reynolds number based on the sphere diameter (ρf .u.d/ ) 

gneR  Generated Reynolds number for power law fluid , kdV nn2  

S Dimensionless separation (l/a) 

V Fluid velocity, m/s 

x Distance between particle surfaces, m 

  Viscosity, kg/m.s 

  Dimensionless separation (x/d), - 

  Drag interaction parameter (CD /CDo), - 

ρf Density of fluid, kg/m3 
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REMOVAL OF METHYL TERTIARY BUTYL ETHER 

FROMSYNTHETIC WASTEWATER  
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ABSTRACT 
 Methyle tertiary-butyl ether (MTBE) is the most fuel additive used through the world.Thus, it has 

been reported that MTBE is the second high concentration contamination found in ground water. 

Study of the effect of reaction time and reaction temperature of 25 to 55° C on the kinetic of 

chemical oxidation has been done with 3000 ppm MTBE in water at pH range 3 to 7 and 1:1 hydrogen 

peroxide to Fenton’s reagent ratio. 

Also, Kinetic analysis was carried out to determine reaction order and activation energy for the 

reaction of MTBE disappearance during the reaction with Fenton’s reagent. 

 

 ةالخلاص
 .الجىفيت الميبي في ملىد أعلً كثبوي سجل و .العبلم حىل الىقىد الً المضبفبث اشهر مه هى اثير بيخيل رببعي مثيل 

 حركيس ذو مصىع لمحلىل الاكسدة حفبعل حركيت علً  مئىيت °22 الً 52 مه الخفبعل حرارة درجت و زمه مه كل حأثير دراست  حم 

 معبمل الً الهيدروجيه بيروكسيد وسبت بأسخعمبل و 7 و 0 بيه هيدروجيىي اش لمدي المبء في اثير يخيلب رببعي مثيل مه ببلمليىن جسء 0333

 .1 :1 فيىخىن

 .الخىشيظ طبقت و الخفبعل درجت مه كل الخفبعل حركيت ححليل مه حسبج 

 

KEYWORDS: Methyl tertiary butyl ether, wastewater, organic chemistry, oxidation, reaction rate, activation 

energy. 

 

INTRODUCTION 
Methyl tertiary butyl ether (MTBE) is a synthetic chemical that was historically used as an octane 

booster additive to gasoline. Increasingly there have been concerns about its toxicity and potential 

carcinogenicity.  

Because of its chemical characteristics, MTBE contaminated sites are difficult to remediate. MTBE 

readily dissolves and spreads in water. Additionally, MTBE resists biodegradation, does not sorb to soil, and 

has a low Henry’s Law constant. As a result, the extent of MTBE contamination is usually much greater than 

that of the other common gasoline components. Because of these factors, remediation of MTBE-impacted 

groundwater can be very difficult and costly. 

Methyl tertiary butyl ether (MTBE) is a synthetic chemical that was historically used as an octane 

booster additive to gasolinedue to its many properties which including low production cost, ease of 

production, high octane rating [Shelly and Fouhy, 1994]. Increasingly there have been concerns about its 

toxicity and potential carcinogenicity [Carver and Brown, 2008]. The addition of MTBE to gasoline 

improves fuel combustion and reduces the resulting concentrations of carbon monoxide and un-burn 
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hydrocarbons.  Accordingly, MTBE was added to about 30% of the gasoline nationwide at an average 

concentration of about 11% by volume [USEPA, 1994].   

MTBE is a liquid with a molecular weight of 88 and a boiling point of 55°C under atmospheric 

pressure.  It is soluble in all common solvents and is highly soluble in water (about 50 g/L).  Therefore, 

MTBE is highly mobile, undergoing little or no retardation as it travels through a groundwater system.  

MTBE, through co-solvent effects, increases the solubility of other petroleum derivatives, such as benzene, 

toluene, ethyl benzene, and total xylenes [Schrimer and Barker, 1998].  It is resistant to biological 

degradation with a half-life of 10,000 days.Laboratory studies have shown that MTBE is recalcitrant to all 

forms of aerobic as well as anaerobic biodegradation, key components in the natural attenuation process 

[Vance, 1998].  

National Water-Quality Assessment Program reported that MTBE was a second higher concentration 

component (after trichloromethane) out of 60 volatile components in different groundwater, rainwater of 

United State and eight other urban areas during 1993 to 1994 [Delzer, et al., 1996]. 

Chemical oxidation of organic component is the most practical and effective process to convert 

organic components (usually in aqueous solution) into carbon dioxide and water. Ray, et al. [2003] was 

summarized chemical oxidation techniques efficient for the reduction of organic components in water, these 

techniques including chemical oxidizing agent with and without catalyst and irradiation with and without 

chemical oxidizing agent. 

Greater than 99% reduction of MTBE was achieved with initial concentrations of 170 and 196 ppm 

in pH region between 7.7 and 8.8 by using chemical oxidation with hydroxyl radical technique [Tornatore, et 

al., 2000]. 

Many metals have special oxygen transfer properties which improve the utility of hydrogen peroxide 

(H2O2). The most common of these is iron which, when used in a prescribed manner, results in the 

generation of highly reactive OH ion. The reactivity of this system was first observed in 1894 by its inventor 

H.J.H Fenton. The procedure requires to adjusting pH of the wastewater (aqueous solution of MTBE in 

water) from 3 to 5, then addition the iron catalyst (as a solution of FeSO4) and finally addition of H2O2 

slowly to finish the reaction. Fenton’s reagent is used to treat a variety of industrial wastes containing a range 

of toxic organic compounds (phenols, formaldehyde, BTEX, and complex wastes derived from dyestuffs, 

pesticides, wood preservatives, plastic additives, and rubber chemicals) [Ray, et al., 2003]. 

The reaction of aqueous MTBE with the hydroxyl radical generated by UV/H2O2 was investigated by 

Carter, et al. [2000].  Results indicated that the rate of destruction of MTBE is influenced by the initial 

concentrations of both hydrogen peroxide and MTBE. The results also show that about 85 % reduction of 

initial MTBE concentration of about 87 ppm was noticed during 10 hours reaction time and the results 

reported that MTBE was disappear after 40 hours reaction time. In all cases, the decay of MTBE was found 

to follow first-order reaction kinetics with a pseudo first-order rate constant. The value of pseudo first-order 

rate constant increased with the decreasing concentrations of MTBE. Byproducts of the UV/H2O2 

degradation of MTBE were found to be tert-butyl formate (TBF), tert-butyl alcohol (TBA), methyl acetate, 

acetone, a per-oxy compound, formaldehyde, alkanes, and acetic and formic acids [Stefan, et al., 2000].   

Ray, et al. [2003] studied the effect of hydrogen peroxide to Fenton’s reagent ratio (0.1:1 to 100: 1), 

pH (3 to 7), 25° C temperature and time (up to 60 minutes) on the reduction of initially 1300 mg/l (ppm) 

MTBE concentration in groundwater and the probability of reduce this amount to regular accepted level of 

20 mg/l (ppm) or less (as reported by USEPA [1997]). This goal was achieved at hydrogen peroxide to 

Fenton’s reagent ratio of 1:1 and reaction pH of 5 and contact time about 10 minutes. 

Carver and Brown [2008] compared four methods for producing TBA from MTBE which are:  

Fenton’s reagent, permanganate, ozone and uncatalyzedpersulfate. Fenton’s reagent method done by using 

500 mg/L H2O2 and 100 mg/L Fe
+2

 at a pH of 2.8 to reduce MTBE to less than 10 % from its initial value 

(250 ppm) in 10 minutes. 

The aim of this work is to study the effect of reaction time (up to 60 minutes) and reaction 

temperature (25 and 55° C) on the concentration of MTBE in treated solution and study the kinetic of 

chemical oxidation of 3000 ppm MTBE in water at pH range3 to 7and 55° C and 1:1 hydrogen peroxide to 
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Fenton’s reagent ratio. 

 

EXPERIMENTAL WORK 

 

 Materials 
The following materials were used in this work: 

MTBE:99.5 wt. %, molecular weight of 88, boiling point 53.6° C and refractive index is 1.3692 (Aldrich). 

Hydrogen peroxide: 35 wt. % solution in water (Annular). 

H2SO4: 98 wt. % (Annular). 

FeSO4: White crystal, molecular weight 151.9, melting point 400° C (decomp.)and the density is 2.841 

g/cm
3
(Aldrich). 

 

 Experimental Setup 
 MTBE was mixed with Fenton’s reagent in 3-neck, 500 ml glass flask. The flask necks were fitted 

with thermo-meter (to measure temperature), condenser (to insure that no loss of solution due to heating 

occurs) and syringe to take samples (as shown in Figure 1).The flask was heated by magnatic-stirred type 

Hinotik-79-1 (rotation speed 0-2400 rpm, power of motor 40 W and heating power 300 W).   
Condenser

Syringe

Flask

Heating Magnatic Stirred

Thermometer

 
Fig. 1 Experimental setup 

 Tests 

pH: OAKION PH2100 Series pH-meter was used to measure solution and sample pH. 

MTBE concentration: UVD-3500/UVD-3400 spectro-photometer was used to 

measureconcentration of MTBE in sample. 

RESULTS AND DISCUSSION 

 

 Effect of Temperature, pH and Time on MTBE Conversion 
The effect of temperature, pH and time on MTBE conversion (disappearance) was studied in the 

range of temperature from 298 to 333 K, and pH range from 2 to 6with a period of time up to 60 minutes, 

and this effect illustrated in Figures 2 to 4. 

It is obvious from these figures, in the mentioned range of temperature, that MTBE conversion 

generally increasing with time and temperature and gives maximum value of 0.99 (about complete 

conversion of MTBE) at 333 K and 60 minutes in pH solution 5. This result is in good agreement with that 

reported by Carver and Brown [2008] who used Fenton’s reagent method of 500 mg/L H2O2 and 100 mg/L 
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Fe
+2

 at pH of  2.8 and temperature of 298 K to reduce MTBE to less than 10 % from its initial value (250 

ppm) in 60 minutes. 
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Fig. 2 Effect of time and temperature on MTBE conversion at 3 pH solution 
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Fig. 3 Effect of time and temperature on MTBE conversion at 5 pH solution 
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Fig. 4 Effect of time and temperature on MTBE conversion at 7 pH solution 

 
The solution pH increases from 3 to 5 increases MTBE conversion, but more increasing in solution 

pH to neutral value (7) causes decrease in MTBE conversion, this effect shown in Figure 5.  
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Fig. 5 Effect of pH and temperature on MTBE conversion and 45 minutes time 

 
Hydrogen peroxide in the presence of ferrous iron (Fe

2+
) reacts to form hydroxyl radicals (OH

•
), 

ferric iron (Fe
3+

), and hydroxyl ions (OH
-
).  The hydroxyl ions are very powerful oxidizers, and react 

particularly with organic compounds. The generation of highly reactive ion (OH
•
) affects the oxygenation of 

MTBE, this ion is generated according to the following equilibrium chemical equations [Ray, et al. 2003]:  

 

                                                                                  (1) 

 

                                                                                  (2) 
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When the pH decreasing (below 5), hydrogen ion H
+
 increasing, and the equilibrium reaction (Eq. 2) 

shifts backward and more amount of Fe
+3

 ion appears which cause also shifting backward in equilibrium 

reaction (Eq. 1) and the amount of reactive ion (OH
•
) available to react with MTBE decreases. The 

increasing in pH value of the reaction media more than 5, forced both equilibrium reactions (Eq. 1 and 2) 

forward and also the amount of reactive ion (OH
•
) available to react decreases. 

This result is in good agreement with Ray, et al. [2003] who find that 20 ppm MTBE solution can be 

obtained from 1300 ppm solution at hydrogen peroxide to Fenton’s reagent ratio of 1:1 and reaction pH of 5 

but contact time about 10 minutes. 

 

 KINETIC OF  MTBE CONVERSION 
Data obtained from the bench-scale for the MTBE conversion (disappearance) were analyzed by 

available kinetics models [Levenspiel, 1972]. 

First order reaction analyses show more accurate model to describe MTBE conversion variation with 

time. 

 

                                                                                   (3) 

 
The reaction rate coefficients at each temperature can be easily evaluated from the straight lines 

slope of versus t as shown in Figures 6 to 8. 
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Fig. 6 First order reaction model of MTBE conversion at different temperatures and 3 pH 
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Fig. 7 First order reaction model of MTBE conversion at different temperatures and 5 pH 
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Fig. 8 First order reaction model of MTBE conversion at different temperatures and 7 pH 

 
The values of the reaction rate coefficients for MTBE conversion appears to increase with 

temperature but increasing with pH in the range of 3 to 5 and then decreases when pH get neutral (pH=7), the 

reaction rate coefficient values are summarized in Table 1. 
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Table 1 Reaction rate coefficient values at different reaction conditions 

Temperature, 

K 

Rate coefficient, min
-1

 at 

3 pH 

Rate coefficient, min
-1

 at 

5 pH 

Rate coefficient, min
-1

 at 

7 pH 

298 0.036 0.049 0.031 

313 0.043 0.061 0.035 

333 0.051 0.079 0.043 

 
Reaction rate coefficient is “pure” function to temperature, but the difference in reaction rate 

coefficient values with pH variation is due to variation of reactive ion (OH
•
) amount with pH as a result of 

reactions equilibrium shifting (Eq. 1 and 2).  

The activation energy for MTBE conversion reaction was calculated by using Arrhenius equation, 

which satisfies the relation between reaction rate coefficient and the reaction temperature [Levenspiel, 1972]. 

 

                                                                                                                     (4) 

 

A plot of  versus  gives a straight line with a slope equal to  from which the activation 

energy was calculated, as shown in Figure 9 and the extracted activation energy and frequency factor values 

are summarized in Table 2.  

1/T, K 
-1

0.0029 0.0030 0.0031 0.0032 0.0033 0.0034

ln
 k
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-2.4

pH = 3

pH = 5

pH =7

ln kpH=5 = 1.528 - 1354/T

ln kpH=3 = 0.014 - 984.4/T

ln kpH=7 = 0.003 - 932.3/T

 
Fig. 9Arrhenius plot of first order reaction model of MTBE conversion at different pH 
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Table 2 Activation energy and frequency factor values at different pH 

Solution pH E, kJ/mole ln A R
2
 

3 8.18 0.014 0.9962 

5 11.26 1.528 0.9992 

7 7.75 0.0003 0.9908 

 
Activation energy results show that reaction is more sensitive to temperature at pH 5 (high activation 

energy values reported) [Levenspiel, 1972]. No reported values of activation energy of MTBE conversion 

are found in literature survey. 

 

CONCLUSIONS 

 MTBE conversion increases with time(up to 60 minutes) and temperature (between 298 and 333 K). 

 The increasing in solution pH from 3 to 5 increases MTBE conversion, but more increasing in 

neutral solution pH causes decrease in MTBE conversion. 

 MTBE conversion of 0.99 (about complete conversion of MTBE) was achieved at 333 K and 60 

minutes in pH solution 5. 

 The reaction of MTBE conversion (disappearance) was first order with activation energy of 11.26 

kJ/mole and natural logarithm of frequency factor was 1.528 (frequency factor equal to 4.61 min
-1

) 

for the reaction at 5 pH solution. 
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NOMENCLATURES 
A Frequency factor, min 

-1
 

CMTBE Concentration of MTBE at any time(t), ppm 

CMTBEo Initial concentration of MTBE, ppm (=3000 ppm) 

E Activation energy of reaction, J/mole 

k Reaction rate Coefficient, min
-1

 

R Universal gas constant, (=8.314 J/mole. K) 

T Reaction temperature, K 

t Reaction time, min 

xMTBE Conversion of MTBE, (dimensionless) 
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ABSTRACT: 

Construction joints are frequently used in engineering structures for various reasons. When the size 

of the structure is relatively large stoppage of concrete casting at certain locations is necessary. 

Stoppage of casting may also occurs due to  sudden failure of mixing machines, or when the 

concrete stock ingredients runs out of materials, or when weather conditions do not permit casting 

operations to continue. If stoppage of concreting occurs, a joint between old and new concrete 

forms, it is then necessary to evaluate the horizontal shear capacity at the interface between old and 

new concretes to prevent progressive slip from taking place and to insure satisfactory performance 

of the structure. 

A total of 16 push-off tests were performed to quantify the shear strength capacity at the interface 

between old and new concretes and to recommend the necessary practice for such circumstances. 

Test parameters include different interface surfaces smooth and rough with and without shear keys. 

The variables also include presence of shear reinforcement across the interface surfaces. 

Test results have indicated that leaving concrete surface at the end of casting rough with shear keys 

is essential to restore part of shear resistance between old and new concretes. Presence of shear 

reinforcement further improves the shear resistance at the interfaces. It was found that the average 

nominal shear capacity of concrete at the interface relative to the nominal shear capacity of control 

specimens cast monolithically is about 43% for rough surfaces having amplitude of 6mm and 55% 

for rough surfaces with shear keys. When 3-Φ10 shear reinforcement is used along rough interface, 

shear resistance increased to 62% relative to the shear capacity of control specimens cast 

monolithically.   

 

 مقاومة القص للمواشٌر الخرسانٌة التً تحوي على مفاصل إنشائٌة
 :الخلاصة

إٌ . ح فٙ انًُشآخ لأسثاب عذٚذج عُذيا ٚكٌٕ دجى انًُشؤ كثٛش َسثٛا يًا ٚرطهة ذٕقف صة انخشساَحذسرخذو انًفاصم الإَشائٛ

ذٕقف صة انخشساَح فٙ انًُشآخ قذ ٚذصم َرٛجح انعطم انًفاجئ فٙ أجٓزج انخهط ٔانصة  أٔ عُذ َفار خزٍٚ انًٕاد الإَشائٛح أٔ 

فٙ يثم ْزِ انذالاخ ٚرٕنذ يفصم إَشائٙ عُذ يعأدج . صة انخشساَح عُذيا ذكٌٕ انظشٔف انجٕٚح غٛش يُاسثح لاسرًشاس عًهٛاخ

إٌ ٔجٕد يفصم إَشائٙ ٚرطهة ادرساب قٕٖ انقص الأفقٛح انرٙ ذرٕنذ عهٗ سطخ انخشساَح انًصثٕتح قثم ذٕقف انصة . انصة

 .ٌ أداء جٛذ نهًُشآخٔانخشساَح انجذٚذج لاذخار الإجشاءاخ انًُاسثح نًُع انذشكح الأفقٛح تٍٛ سطذٙ انخشساَح ٔنضًا

ٔذضًٍ . يٕشٕس خشساَٙ نرقٛٛى يقأيح انقص تٍٛ سطٕح انخشساَح انًصثٕتح فٙ أٔقاخ يخرهفح 61ذى فٙ ْزا انثذث فذص 

كًا ٔذضًُد انًرغٛشاخ ٔجٕد . انثشَايج انعهًٙ الاخز تُظش الاعرثاس يرغٛشاخ َعٕيح ٔخشَٕح انسطٕح يع ٔجٕد جٕٛب انقص

 .نسطٕحدذٚذ انرسهٛخ عهٗ ْزِ ا

أظٓشخ انُرائج تؤَّ عُذيا ذكٌٕ انسطٕح انخشساَٛح انًصثٕتح خشُح يع ٔجٕد جٕٛب انقص فؤٌ جزء يٍ يقذاس يقأيح انقص 

ٔقذ ٔجذ . ًٚكٍ اسرشجاعٓا كًا ٔاٌ اسرخذاو دذٚذ انرسهٛخ عهٗ سطذٙ انخشساَح ٚؤد٘ إنٗ ذذسٍٛ يقأيح انقص تٍٛ ْزِ انسطٕح
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يٍ يقأيح انقص نهًٕاشٛش انًصثٕتح % 75ب انقص ٚؤد٘ إنٗ انذصٕل عهٗ يقأيح قص ذثهغ تاٌ اسرخذاو أٔجّ خشُح يع جٕٛ

 %.17فاٌ يقأيح انقص ذزداد إنٗ  3يهى ٔتعذد  61تذٌٔ يفاصم إَشائٛح ٔتئضافح دذٚذ ذسهٛخ قطش 

 

 

KEYWORDS:     shear, capacity, concrete, prism, interface joints, rough, smooth, surface    

 
INTRODUCTION:     

The basic requirement at joints or at interface between new and old concretes is that all forces 

existing at the interface must be transmitted in the same manner. To accomplish such condition, it is 

essential to rely upon the surface condition at the interface and/or to place reinforcing bars across 

the interfaces (1, 3, and 4). In composite construction, failure may precipitate in the vicinity of the 

connection as a result of high shear stresses which may develop at the interface of pre-cast (old 

concrete) and cast-in-situ concrete (new concrete). If the interface surface is not well roughened or 

reinforcement is not provided failure may occur.   

 

According to ACI code (1), shear transfer across a given plane such as an existing or potential 

crack; an interface between dissimilar materials or an interface between two concretes cast at 

different times; shear friction reinforcement is intended to transfer shear across an interface between 

concretes cast at different times. 

Concrete is relatively strong in direct shear but it is possible that crack will form in unfavorable 

manner. Shear friction reinforcement is provided across the crack to resist relative slip between two 

surfaces of concrete cast at different times (1, 3, and 4). If the crack faces are rough and irregular, 

the slip is accompanied by separation of the crack faces. At ultimate, the separation is sufficient to 

stress the reinforcement crossing the crack to its yield point (3, 4). The reinforcement provides a 

clamping force across the crack faces. The applied shear is resisted by friction between the crack 

faces; by shearing off protrusions on the crack faces; and by dowel action of the reinforcement 

crossing the crack. 

Fatmir Menkulasi (2) in his study on horizontal shear connectors for precast prestressed bridge deck 

panels indicated that in typical push-off tests, the specimens reach their maximum load immediately 

before the bond was broken. For specimens with no shear connectors, some small shear capacity is 

maintained, while specimens with shear connectors once the bond broken the load reduced and 

maintained for large slips at a value equal to the yield capacity of the connectors times some factor.  

The author also indicated that the equations available in ACI code are unconservative for precast 

panel system and give high shear stresses at the interface relative to the obtained test results. 

 

Joseph A. Wallenfelsz (5) tested 29 push off tests to quantify peak and post-peak shear stresses at 

the interface at failure. The variables of study include surface treatment of the surface of the 

specimens, type and amount of shear connectors and presence of pocket shear keys. He indicated 

that when headed shear connectors is used an exposed aggregate surface treatment is not required. 

He also concluded that specimens with headed shear connectors behave in similar manner to stirrup 

shear connectors.    

In this paper, an attempt have been made to quantify interface shear capacity of concrete prisms cast 

at different times with various combinations of smooth and rough surfaces with and without shear  

reinforcement along the interface. 

 

ACI CODE PROVISIONS FOR SHEAR FRICTION REINFORCEMENT: 

ACI- 318M-08 (1) approach for shear transfer a cross a given plane is based on calculating the 

nominal shear strength using the following equation: 

 

                  
yvfn

fAV          (kN)                                                               (2.1) 
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Where: 

 Vn = nominal shear strength 

 Avf  = area of shear friction reinforcement 

 fy  = specified yield strength of shear friction reinforcement  

 μ = coefficient of friction 

 

The coefficient of friction µ shall assume a value which ranges between 1.4λ for concrete placed 

monolithically to 0.6λ for concrete placed against hardened concrete not intentionally roughened, 

where λ is a modification factor reflecting the reduced mechanical properties of lightweight 

concrete of the same compressive strength. λ =1.0 for normal strength concrete and equal to 0.75 

for all lightweight concretes. 

The ACI code also specify that for normal weight concrete placed monolithically or placed against 

hardened concrete with surface is intentionally roughened, the factored shear strength shall not 

exceeds the smallest of : 

 

                 ccn
Af2.0V                                                        (2.2)  

  

                  ccn
A)f08.03.3(V                  (kN)                   (2.3) 

 

        cn
A11V                                                         (2.4) 

 
Where Ac is the area of concrete section resisting shear transfer, and fc' is the lower strength of the 

concretes used. The code also specifies that when concrete is placed against previously hardened 

concrete, the interface for shear transfer shall be clean and free from laitance.  If in the calculation µ 

is assumed equal to 1.0λ, the interface shall be roughened to full amplitude of approximately 6mm. 

 

EXPERIMENTAL WORK: 

To examine the horizontal shear transfer capacity at the interface surfaces, 16 push off tests were 

conducted. The variables include surface conditions (smooth or rough), presence of shear keys, and 

presence of shear reinforcement between the interfaces. 

 

Push-off Tests:  

Push off tests which were used to investigate shear resistance at the interface between new and old 

concrete is shown in Fig. 1. From this test an evaluation of the average nominal shear capacity at 

the interface of old and new concretes as well as the contribution of steel shear connectors to the 

interface shear strength can be made. Various combinations of surface treatment with and without 

steel reinforcement were employed for this purpose. 
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Plywood moulds were prefabricated to cast the specimens. It consists of three 100X100X200mm 

size prisms separated by thin plywood sheets. The edge prisms were cast first, while the middle 

prism was cast the next day. Surface treatments of the interface were done on the edge prisms, 

before casting the middle prism. Steel reinforcement across the interface was embedded in the edge 

prisms and was concreted the next day during casting the middle prism. 

 

The concrete used were produced using mix proportions of 1:2:3 cement, sand, and aggregate by 

weight, and a w/c ratio of 0.5. The average strength of concrete calculated based on testing 150mm 

cubes at age of 28 days is 30 MPa (24 MPa cylinder strength). 

 

Specimen Classification and Testing Procedure: 

16 specimens were cast; four specimens of them were used as control specimens for no joint 

unreinforced specimens and no joint reinforced specimens across the interface. The rest of the 

specimens were divided into six groups, each group consists of two specimens for the variables 

investigated at the interface as shown in Table 1 below.  3-Φ10 mm reinforcing bars were used at 

the interface between old and new concretes which provide a shear reinforcement ratio ρv = 

0.785%. The vertical spacing between these bars is 50 mm c/c. they were placed at the edge prisms 

extending to the end of the middle prism. The yield strength of the reinforcement used is 410 MPa.  

 
Table 1: Specimen Classifications and Details. 

 

Specimens Designation 
No. of 

Specimens 
Shape 

Control specimen, 

no joints, no shear 

reinforcement 

 

2 

 

Fig. 1: Isometric and Front Views of the Tested Specimens 

New concrete 
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Specimens Designation 
No. of 

Specimens 
Shape 

Control specimen, no joints, 

with 3-Ø10 shear 

reinforcement 

2 

 

Smooth surfaces, no shear 

reinforcement 
2 

 

Intentionally roughened 

surfaces to 6mm amplitude, 

no shear reinforcement 

2 

 

Shear key specimens with 

smooth surfaces,    
2 
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Specimens Designation 
No. of 

Specimens 
Shape 

Shear key specimens with  

intentionally roughened 

surfaces to 6mm amplitude 

2 

 

  Smooth surfaces with shear 

reinforcement 
2 

 

Intentionally roughened 

surfaces to 6mm amplitude, 

with shear reinforcement 

2 

 

 

The specimens were tested using 2000 kN ELE compression testing machine. The tested specimen 

was placed concentrically within the platens of the test equipment and the load is applied 

continuously at a loading rate of 1 kN/sec until failure occurs. The time of test was about 4 to 8 

minutes. Before testing, a dial gauge with sensitivity of 0.01mm was used to measure the 

displacement (slip) of the middle prism. An angle shaped plate, glued with epoxy resin to the front 

face of the middle prism, is used to support the dial gage movable lever. The top and bottom 

surfaces of the specimen were capped using thin layers of gypsum plaster. Test setup and 

instrumentation are shown in Figs. 2 and 3. 
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During tests, the tested specimens were visually inspected for cracks along the interfaces. It was 

observed that the specimens continue to carry load without distress until near failure where a crack 

along the interfaces appeared at which the specimen can not carry further load and the test is 

terminated. Figs. 4, 5 and 6, show typical failure pattern of reinforced specimens. Typical failure 

surfaces of specimens with and without shear keys are shown in Figs. 7 and 8. 

Fig. 2: Specimen Inside the ELE 2000 kN Testing Machine. 

 

Fig. 3: Dial Gauge Location to Measure Slip of the Middle Part 

of the Specimen. 
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Fig. 5: Failure of Reinforced Specimen with Smooth Interface Surfaces. 

 

Fig. 4: Failure of Control Specimen with Shear Reinforcement. 
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Fig. 6: Failure of Reinforced Specimen with Roughened 

Interface Surfaces to 6mm Amplitude. 

 

 

 
 

Fig. 7: Failure Surfaces of Specimen with Two 30mm Shear Key Discs. 
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The average capacity of unreinforced control specimens without joints is 235 kN; while the strength 

of control reinforced specimens reinforced   across the interface is 404 kN. One specimen with 

smooth joints failed during handling while the other failed at a very small load. Specimens with 

interface surfaces which were intentionally roughened to full amplitude of about 6mm shows an 

average strength before failure of about 101 kN.   When shear key type shear connectors is used in 

the form of 30mm diameter disks the average shear capacity is increased by about 28% relative to 

the intentionally roughened surface specimens, regardless whether the interface surfaces are left 

smooth or intentionally roughened. Test results are presented in Table 2 below. 

 

Table 2: Interface Shear Transfer Capacity of the Tested Specimens 

Specimen 

Designation 

Vn  (kN) 

 

Vn  (kN) 

Average 
Vcapacity / Vcontrol 

Unreinforced 1 

(control) 
290 

225 control 
Unreinforced 2 

(control) 
160 

Smooth 1 40 
20 0.085 

Smooth 2 0 

Rough 1 85 
101 0.43 

Rough 2 117 

Shear key Smooth 1 110 
123 0.52 

Shear key Smooth 2 136 

Shear key   Rough 1 114 
129 0.55 

Shear key   Rough 2 144 

Rein. 1 (control) 464 
404 control 

Rein. 2 (control) 344 

Smooth Rein. 1 72 
82 0.20 

Smooth Rein. 2 92 

Rough Rein. 1 142 
145 0.36 

Rough Rein. 2 148 

Fig. 8:  Failure Surfaces of Specimen with Roughened 

Interface Surfaces to 6mm Amplitude. 
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The effect of surface type (smooth or rough) becomes apparent when the interface is crossed by 

shear reinforcement along the interface between old and new concretes. Test results indicate that the 

average shear capacity of reinforced specimens with smooth joint surfaces is 82 kN while the 

average shear capacity of reinforced specimens with roughened joints is 145kN. 

 The results also indicate that the shear capacity of reinforced specimens with rough interface 

surfaces is about 62% of the capacity of unreinforced control specimens. This mean that the shear 

capacity of the interface can better be restored if the interface surfaces are roughened to 6 mm 

amplitude supplemented with shear reinforcement.   
 

- LOAD-SLIP RELATIONSHIP: 

Typical load–slip plots for unreinforced and reinforced control specimens are shown in Fig.9. For 

unreinforced control specimen three stages of behavior can be recognized. In the first stage, the 

slope of the load- slip curve is small as compared to the slope of the second stage which shows 

stiffer response until near failure when the slope drops to zero indicating a crack has formed along 

the interface between the middle and the edge parts of the of the specimen. 

The slope of the three stages of the reinforced specimen is higher than those of unreinforced 

specimen associated with smaller slip for the same load level. The presence of reinforcement 

increased the capacity of the specimen from 290 kN to 464 kN. The slip at failure is about 0.4mm 

for unreinforced specimen and about 0.58mm for reinforced specimen.  

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 
Fig. 9 : Typical Load-Slip Relationship for Control Specimens. 

 

Typical load slip relationships for reinforced specimens with rough or smooth interface surfaces 

(joints) are shown in Fig.10. The curves show that the presence of joints has resulted in decrease in 

capacity relative to reinforced specimen. Specimen with smooth surfaces suffers more reduction in 

capacity than specimens with rough surfaces. The average capacity of smooth and rough surface 

specimens is 20% and 36% relative to the capacity of reinforced control specimen. The slip at 

failure is about 0.18mm for reinforced specimens with interfaces and about 0.58mm for reinforced 

control specimen without interfaces.  
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Fig. 10 : Typical Load-Slip Relationship for Reinforced Specimens. 

 

- DISCUSSION OF RESULTS: 

Control reinforced specimens with 3-Ø10 shear reinforcement (placed at the same locations of the 

reinforcement used to reinforce prisms with shear interfaces) and cast monolithically (without 

joints) shows an average capacity of 404 kN, while unreinforced control specimens shows an 

average capacity of 225 kN. If the shear resistance contribution of concrete at the location of the 

interfaces is assumed 225 kN, then the extra shear resistance of 179 kN can be thought of as the 

contribution of the reinforcement crossing the interfaces on both sides of the specimen. Based on 

the above, the stress in the reinforcement is about 380 MPa which means that at failure the 

reinforcement has not yielded.  

 According to ACI code limitations, the nominal shear contribution of concrete Vn should be the 

lesser of eqs. (2.2), (2.3) or (2.4) presented earlier, which according to specimen size and details are 

288 kN. This is 63 kN greater than the nominal shear capacity of concrete obtained in this 

investigation. The ACI code equations seem to overestimate shear concrete contribution at the 

interfaces.  Fatmir Menkulasi (2) also reported that the ACI equations are unconservative for 

precast panel systems and give high shear stress capacity relative to test results.   

Reinforced specimens with shear interfaces were found to develop much less shear capacity as 

compared to reinforced control specimens without joints. The percentage reduction relative to 

reinforced control specimens is about 20% and 36% for smooth and rough surfaces respectively. 

This reduction in capacity may be discussed in terms of the shear resistance of concrete at the 

interface and the length of embedment of the reinforcement as follows:   

The average shear capacity of roughened concrete surface specimens was found to be 101 kN, while 

the shear capacity of similar specimens with shear reinforcement is 145 kN as shown in Table 3. 

This means that the shear reinforcement contribution is only 44 kN (i.e. the reinforcement has not 

yielded). Comparison between capacity of control specimens and specimens with rough interface 

surfaces indicates that there is a decrease in concrete transfer capacity from 225 kN (for 

unreinforced no joint control specimens) to 101 kN (for specimens with rough interface surfaces), 

and a decrease in reinforcement contribution from 179 kN (for reinforced no joint control 

specimens) to 44 kN (for reinforced specimen with roughened interface joints) as shown in Table 3. 

If such an analysis is accepted, it means that when an interface is necessary, concrete   can furnish 

about 45% of the shear strength of specimen without joints or interfaces (i.e. 101 kN), and the 

addition of shear reinforcement should compensate for the remaining 55 % of capacity (i.e. 225kN - 

101kN=124kN). It is believed   that the contribution of reinforcement can be increased if the shear 
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reinforcement used is well anchored within the new concrete (middle prism of this investigation) 

using 90 degree hooks or the length of reinforcement embedment is increased so that the full yield 

strength of the reinforcement can be utilized. In addition the capacity can also be restored if the 

shear reinforcement ratio ρv is increased so that the shear capacity of specimens with interfaces 

approaches the shear capacity of control unreinforced specimens.  

 

Table 3: Contribution of Concrete and Reinforcement to Shear Transfer Capacity 

 

Specimen type 
Shear 

capacity(kN) 

Contribution  of 

concrete (kN) 

Contribution  of 

reinforcement (kN) 

control  

Unreinforced 

235 235  -------------------  

control  

reinforced 

404 235 169 

Rough no 

reinforcement 

101 101  -------------------- 

Rough with 

reinforcement 

145 101 44 

 
  CONCLUSIONS:   

Based on the experimental results presented, the following conclusions are drawn: 

 * At places where concrete casting is stopped, the surface of concrete should be left rough to at 

least 6mm amplitude to improve concrete shear strength contribution. It was found that rough 

concrete interfaces develop about 45% of the shear capacity of control specimens cast 

monolithically. 

* Shear keys were found to improve concrete shear capacity at the interfaces between old and new 

concrete faces. It was found that specimens with rough interfaces and shear keys develop about 

55% of the shear capacity of control specimens.   

* Use of shear reinforcement across the interfaces enhances the shear resistance at the interface of 

old and new concretes. It was found that the shear capacity at the interfaces increased from 101 kN 

for specimens with rough surfaces to 145 kN for similar specimens with shear reinforcement ratio 

ρv = 0.785%.     

* When shear reinforcement is used, it is necessary to insure enough embedment length within the 

opposite interfaces of old and new concretes so that the yield strength of the reinforcement can be 

developed. 

* It is necessary to validate the ACI code equations for shear capacity of concrete between the 

interfaces of old and new concretes. It was found that the shear resistance capacity of concrete 

specimens of this investigation at the interfaces calculated based on ACI code eqs. (2.2), (2.3) or 

(2.4) presented earlier is 288 kN while test results of control specimens of this investigation 

(without joints) develop an average concrete shear capacity along the interfaces of 225 kN. 

  

RECOMMENDATIONS: 

The following recommendations were based on the results of this investigation: 
 It is necessary to further investigate the interface shear capacity of concrete cast at different 

times to validate the ACI code equations.   

 It is necessary to investigate the effect of using higher shear reinforcement ratios on shear 

capacity at the interfaces of old and new concretes. 



R. J. Aziz                                                                                                                 Shear Capacity Of Concrete Prisms 

                                                                                                           With Interface Joints 

 

 5097 

 It is necessary to investigate the effect of presence of 90 degree hooks and embedment 

length of reinforcement on shear resistance capacity at the interfaces. 
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ABSTRACT 

The effects of incoming wakes of upstream rotor on the flow field in a low 

pressure turbine cascade are investigated. The flow field is studied numerically with 

and without inlet wake. The rotor effect is represented by moving bars that produce 

passing wakes at the entrance of the stator. The flow field is analyzed numerically by 

solving the steady and unsteady forms of the two-dimensional compressible 

Reynolds-averaged Navier-Stokes equations. Steady flow is performed without wake 

while the unsteady flow is performed with periodic inlet wake for Reynolds number 

of order 10
5
. A k- turbulence model is used to obtain the eddy viscosity. The 

Cartesian velocity components and pressure on a collocated (non-staggered) grid are 

used as dependent variables in the momentum equations, which discretized by finite 

volume method, body fitted coordinates are used to represent the complex blade 

geometry accurately, and grid generation technique based on elliptic partial 

differential equations is employed. SIMPLE algorithm is used to adjust the velocity 

field to satisfy the conservation of mass. The results show that the wake passing 

produces unsteady pressure field in the direction of the rotor traverse. The comparison 

with the experimental data is acceptable and there is similar trend between the 

prediction and experimental data, except at the separation flow region due to the 

limitation of the turbulence model. 

 

 الخلاصة
(لاcascade) لبيدمااملاماادلا لااذى حلاا ااجلايباافلا لتتلااييلاااا لا   اا ملاحل اايالا(لالاwakes)تاايرات الا قابااي لا

تايراتلا.لايبفلا لتتلييلاتملادح  تملااذدليلابوةودلاىبعذملاىةودلا ابي لاانذلا لمذخف.لاتوحبادلامنخفضلا لضغطلاتملاتحتلهي

تااملاتح ااافلايباافلا لتتلااييلااااذدليلابحاافلا.لا امااذملامتحت ااملاتنااتبلا ابااي لاانااذلامااذخفلا ل يباا  لااذى حلاتااملاتم ا ااطلابو  اا ملا

 ل نيئاااملا قبعاايدلاى قطضااغيحاملال حيلااملا لم ااتبتملاى اااتلا(لالاReynolds-averaged Navier Stokes)معاايدقالا

دىحلاملااناذلالا اباي  لحيلملا لم تبتملا طتزالابعذملاىةودلا ابي لابانميلا لحيلملا لغاتلام تبتملا طتزالابوةاودلا.لا لم تبتم

10 لماذخفلالااترملاحلنولااذلاماادلاحت املا
5

.لاتااملا  اتخذ مطلال ح ااو لاا ااجلا ل زىةااملا لذى مااام(لالاk-)طمااورالا راا ت  لا.لالا

مت  يالا ل تعلا لذلكيحتاملاى لضغطلاا جلاش كملامتحذملا لمورعلاتملا  تخذ مهيلا متغاات الامعتماذملااا لامعاذقالا لازخملا

 لت املاتاملا  اتخذ مهيلالتم اافلاشاكفلا لتل املا لمعباذلاب اكفلا ياذ رايالام يبباملا,لا لت لاتملاتب اعهيلاب تلبملا لحتملا لمحذد

لاSIMPLEخو حزمااملا.لاىتاملا  اتخذ ملاحتلباملاتولااذلا ل ا كملاا اجلا  ايتلامعايدقالاتفيرا املاةزئااملاباضاولم,لادراق
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ناتبلايبافلاراغطلا ااتلاتلا يلا قاباي لا لمايحملابانا لا لنتايئبلا.لا  تخذم لالتعذلفلايبفلا ل تاملالالك لاتحباقلايفاالا لكت ام

 لمبيحطملامعلا ل ايطيالا لعم املامب ولملاىهنيكلات يبملاا لامافلا ىلا تتيملا ل ايطايالا لعم ااملاماعلالا. لذى حم تبتلابيتتيملايت ملا

لالا    لالا .لاميلااذ لامن بملا قطف ي لاب  بلاتحذلذلاطمورالا قر ت  ,لا لنتيئبلا لمح وبملا

KEYWORDS: Wake, Low Pressure Turbine, Collocated Grid, Unsteady Flow 

 
INTRODUCTION 

Flow in an axial turbine blade rows is highly unsteady (with the exception of the 

first stator blade), because they periodically encounter flow distortions generated by 

upstream blade rows and combustors. This unsteadiness has important consequences 

for the turbine stage efficiency, blade loading, mechanical fatigue, heat transfer, 

thermal fatigue and noise generation. The induced unsteady flow depends upon the 

scale of the upstream disturbance like wakes. These unsteady flow-generating factors 

can be classified based on the physical mechanisms involved as: - 

- Potential Interaction of Upstream and Downstream Rows. 

Potential interactions arise because the entire blades have circulation and therefore a 

potential field propagates throughout the space. The magnitude of this effect depends 

on a number of factors. (Parker and Watson, 1972), gave series of relationships for 

unsteady pressure and velocity for two-dimensional cascade; the potential field 

associated with blade row propagates both upstream and downstream pressure and it 

varies approximately in proportion to the quantity ( )12exp( 2

s

x
M  ), where “x” 

is the axial distance from the blade row, “s” is the pitch of the blade row and “M” is 

the local Mach number. This equation means that in high Mach number flows, 

potential interactions will tend to be stronger than lower speed. If the Mach is high 

enough, then the potential field will propagate without decay. (Parker and Watson, 

1972) confirmed that the effects of potential interactions would be insignificant for 

axial spacing greater than about 30% of the blade pitch. As the flow in the current 

study is subsonic with minimum blade row axial gap of about 25% in the present 

study, this potential interaction will be neglected. 

-  Wake-Blade Interaction. 

One of the first studies of the interaction of wake with blade was conducted by 

(Meyer, 1958), who used thin airfoil theory and he presented a solution for the 

interaction of the upstream blade wake with moving downstream blade row. Each 

wake is initially represented as a perturbation of the uniform flow. The wakes are 

transported with the main flow and chopped into segments by the downstream blade 

row. Inside the blade passage, the wake continues to behave as a negative jet. The 

velocity induced by the negative jet causes a build up of the wake fluid on the suction 

surface and removal of the wake fluid from the pressure surface. (Hodson, 1985) 

developed a numerical solution to predict the unsteady wake-blade interaction 

phenomena observed in his experimental investigation. He used a two-dimensional 

inviscid formulation based on that of (Denton, 1983), who used time marching 

calculation. In the absence of any real viscous forces, artificial viscosity was used to 

model the viscous decay of the wake. He showed that the unsteadiness in the turbine 

passage determined by the convection phenomena associated with passing wakes 

through the passage. (Giles, 1987) also developed a numerical solution for calculating 

the two-dimensional inviscid flow of the wake-blade interaction. He solved the two-

dimensional Euler equations using Lax-Wendroff method. His results were similar to 

those of (Hodson, 1985). (Reda, 1989) performed a numerical solution for predicting 

the flow between parallel plates subject to moving wake generated by moving 
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cylinders at the entrance of the channel. He solved the two-dimensional unsteady 

incompressible Navier Stokes Equations on a staggered grid and the eddy viscosity 

was obtained by using a k- model. The results showed that the upstream wakes 

produces a pressure field at the stator entrance that increases in the direction of the 

wake traverse and large oscillations in the mean velocities were introduced due to 

wake passing. (Hodson and Dawes, 1998) developed a numerical solution to predict 

the flow in turbine passage subject to passing wake at the inlet of the cascade. They 

solved the two-dimensional unsteady Reynolds Averaged Navier Stokes equations on 

unstructured mesh. They used low Reynolds number k- model to calculate the eddy 

viscosity. The results showed that the fluctuations in stagnation pressure and 

stagnation temperature downstream are greater than the defects that occur in the wake 

at the inlet of the blade row. (Stieger, 2002) has made measurements of the 

convection of turbulent wakes at the mid-span of a low-pressure linear cascade using 

2D (Laser Doppler Anemometry LDA). The turbine blade in the cascade subject to 

incoming turbulent wakes; moving bars fitted between two belts generated these 

wakes. The wake generator is driven by a motor by means of mechanism of belts and 

pulleys and provides linear motion of the bars as shown in Fig. (1). He used high 

response pressure transducers (Kulite) for pressure surface measurements. The 

measurements confirmed that the wake fluid convected through the blade passage. 

 

GOVERNING EQUATIONS 

The present work considers the unsteady turbulent flow between stator turbine 

blade, the mass conservation and the Reynolds-averaged momentum equations are 

written in Cartesian tensor form as :- 
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Where  is the mean density, uj the mean velocity, and p the mean pressure. 

From the k- turbulence model, (Launder and Spalding, 1974), the turbulence 

viscosity t is given by:- 
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 Where k is the turbulence kinetic energy and  is the turbulence energy dissipation. 
The model is then composed of two equations; one for k and another for  presented 

as follows: - 
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Where Pk is the rate of production of turbulence kinetic energy, given by:- 
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This model contains five empirical constants which assume the following values:- 

 
3.1,0.1,9.1,45.1,09.0 21    kCCC  

 
BOUNDARY CONDITIONS 

For the steady state there are four types of boundaries in the physical flow 

domain, inlet, outlet, solid surfaces and periodic boundary as shown in Fig.(2). At the 

inlet of the cascade the velocity components and turbulent kinetic energy are 

specified, Pressure is assumed to be unchanging in the flow direction at the inlet, 

therefore the inlet should be located far enough upstream of the blade row to ensure 

that this assumption is valid. At the exit plane the values of the dependent variables 

are unknown. Therefore the outlet boundary should be placed far down from the 

region of interest, at a location where the flow properties are not varied. The outlet 

properties can be found by set the streamwise derivatives (gradients) of all unknown 

variables to zero. All the velocity components are set to zero on all solid boundaries 

(blade surfaces and end walls). Wall pressure is determined by setting the pressure 

gradient normal to the surface equal to zero. The turbulence scalar transport equations 

(4 and 5) are only valid for fully turbulent regions. An additional model must be 

introduced to treat the laminar sublayer region. The wall function method is used in 

the present study to eliminate the large number of grid points needed to resolve the 

laminar sublayer more detail about the wall function are available in (Ahmed, 2005). 
The cyclic or periodic boundary condition is a type of symmetry boundary condition. 

When applying this boundary condition, it is required to set the flux of all variables 

leaving the outlet cyclic boundary equal to the flux entering the inlet cyclic boundary 

on the opposite side. 

 

SIMULATION OF THE UNSTEADY FLOW 

In an effort to remove some of geometrical and physical complexity associated 

with the unsteady flow in the turbine cascade (Fig.3a), (Stieger, 2002), investigated 

experimentally the wake blade interaction such that the wakes shed from the upstream 

rotor in a real machine are simulated by an array of cylindrical bars moving in the 

traverse direction in the stator inlet plane as shown in (Fig.3b), these wakes causes 

unsteadiness in the stator passage. Schlichting (1968) proposed a solution of turbulent 

wake behind a stationary bar, gave the solution of wake behind cylinder as: - 

 

لا(5)

لا(6)
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Where d is the diameter of the cylinder, Cd is the drag coefficient of the cylinder, and 

b is half-wake width. 

 In the present study, as the cylinders are moving at the inlet plane the decay 

laws are transformed to the coordinates of wake frame of reference, therefore equation 

(7) and (8) can be written as: - 
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And the velocity components in the wake are obtained as: - 
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TRANSFORMATION OF THE GOVERNING EQUATIONS 

The set of conservation equation typically can be written in the Cartesian 

system of coordinates for a scalar transport as: - 
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Where 
 

( ) is any dependent variable. 

(  ) is the exchange coefficient of .  

( S ) is the source term of . 

Equation (14) can be transformed from physical domain to computational domain 

according to the following transformation:- 
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The final form of the transformed equation can be written as, (Ahmed, 2005):- 
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And S, is the source term due to the non-orthogonal and defined as: - 
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NONDIMENSIONALIZATION OF THE GENERAL EQUATION  

To obtain the flow behavior around bodies of similar shape with minimum 

computational effort it is desirable to group all the parameters, such as the body length 

and freestream velocity, into nondimenional numbers. Two flows are dynamically 

similar if the nondimensional numbers that govern the flows have the same value, 

لا(13)

لا(14)
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لا(17)
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even though the parameters contained in the nondimensional numbers have different 

values. The best way to identify the appropriate nondimensional groups is to 

nondimensionalize the governing equations. So that in the present study the general 

transformed equation (4.24) is nondimensionalized by using the following scales: - 

 

Length scale                               axial chord length (Cx) 

Time scale                                  Wake passing time (tw) 

Velocity scale                             freestream velocity (U) 

Density scale                               freestream density () 

Pressure scale                              (U
2
( 

K.E. of turbulence                       (U
2
( 

Dissipation of K.E.                      (U
3
 /Cx)   

 

 By using the above scales the nondimensional transport equation can be 

written as: - 
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Where ( ) is the reduced frequency and defined as ( wx tUC  / ). Table 

(1) summarizes 
  ,  and 


S for each transport equation used in the present work. 

 

DISCRETIZATION OF THE GOVERNING EQUATIONS 
 The discretized governing equations are obtained by using a finite volume 

method on o non-staggered grid as discussed in the previous section. By integrating 

the general governing equation (19) over the control volume, we get: - 

لا(18)
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Using the upwind scheme to interpolate the convection terms and Euler implicit for 

time term and central scheme for diffusion and source terms, (the details of 

discretization of equation (19) are found in (Ahmed, 2005), the final discretized 

equation can be written as: - 
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PRESSURE CORRECTION EQUATION 

 When solving the momentum equations, the pressure field and density are 

unknown; therefore the velocity fields obtained after solving the momentum equations 

generally dose not guarantee the conservation of mass unless the pressure field is 
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correct. This means that the velocity components such as ( 

21 ,,,, GGwvu ), pressure 

p* and density * have to correct according to the continuity equation. The velocity 

components, pressure, and density can be corrected as: - 
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The details of the pressure correction equation are not mentioned here, and can be 

found in (Ahmed, 2005), the final form of the pressure correction equation can be 

written as:- 
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Where coefficients A involve (,,, density, etc.) and given in (Ahmed, 2005), Sm 

represents the local imbalance of mass. 

 

SOLUTION PROCEDURE 

The description of the entire solution procedure given in this section applies 

firstly to the steady-state solution. For an unsteady flow this description refers to one 

time step of the calculations. The steady state solution is started with arbitrary initial 

guesses for the (  ) values while the unsteady solution begins with the converged 

steady values of (  ) and the advancing to the next time step. 

 The overall SIMPLE solution procedure takes the following steps: - 

 An intermediate velocity field is obtained by solving the momentum equations 

for u and v. the pressure field obtained from the initial guess. 

 The local continuity constraint is enforced by solving equation (23). 

 Correct velocities and mass flow rates from equations (22). 

 For compressible flow, a constant stagnation enthalpy condition is employed 

with perfect gas relation to give density.  

 Equation (20) is solved for remaining scalar variables, k and . 

 Iteration from steps 1-5 are repeated until satisfactory convergence is obtained. 

 For unsteady flow, steps 1-6 are repeated for the next time step. 

 

RESULTS AND DISCUSSION 

The unsteady velocity vector for (Re = 10
5
, 1 ) and for five instants of 

wake passing ( 75.0,5.0,25.0,1.0 ) are shown in Figs. (4), (5), (6), and (7) 

respectively. These figures reveal the development of the stator unsteady field caused 

by the rotor wake interaction, by referring to these figures and to Fig.(8) the incoming 

wakes create a slip velocity (Vslip) directed against downstream blade suction side, 

لا(22)

لا(23)
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this causes a temporary transport of wake fluid towards the latter. The wake defect is 

initially uniform Fig.(4), because of the  uniform pressure near the pressure side, as 

the wake moves further in the traverse direction at the passage inlet the wake defect 

distorted as it approaches to the suction side (this distortion is clearly due to the 

pressure variations between the two sides) as shown in Fig(5) and Fig(6). then the 

wake impinges the suction side blade, further downstream the wake defect after 

impinging the wake is chopped and transported downstream due to the large 

convection velocity near the suction side as shown in Fig.(6) and Fig.(7). 

The unsteady pressure fields (   steadyppp ),(Re = 10
5
, 1 ) for five 

instants of wake passing ( 75.0,5.0,25.0,1.0 ) are shown in Fig (9), (10), (11),and 

(12). respectively. From these figure it can be noted that the main source of the 

unsteady pressure is the rotor wake, the wake generates a pressure oscillations on both 

the pressure and the suction surface. Although that the unsteady pressure magnitude 

(amplitude) on the pressure side is larger than on the suction side, the fluctuations on 

the suction side is stronger than the suction side, this can explained by the shorter 

interaction time on the pressure side. As the wake decay moves toward the suction 

side and impinges this side at nearly mid axial chord, this impinging generates a zone 

of high pressure as shown in Fig.(11) and Fig.(12). 

Fig.(13), and Fig.(14) show the comparison of the numerical results with the 

experimental data at mid-span for steady inflow condition ( = 0) and for the time of 

the wake passing ( 75.0 ) respectively. In all the two cases the maximum relative 

deviation between the numerical results and experimental data is about (25%), the 

comparison for this complex flow for steady and unsteady is acceptable, in this 

comparison there is a similar trend between the numerical results and the 

experimental data, this trend is that in both the numerical results and the experimental 

data the static pressure on the suction surface decreases and reaches to a minimum 

value, passing through the minimum pressure and as the fluid particles begin to 

descend on the rear part of the suction surface, these particle within the boundary 

layer encounter a positive pressure gradient that causes a separation in that part. 

Although that there is similar trend between the numerical results and the 

experimental data, but the behavior of the numerical curve Fig.(13) dose not contain a 

constant pressure region as that shown in the experimental data, the separation zone in 

the experimental data is characterized by the presence of flat zone in the suction 

pressure distribution as shown in Fig.(13),(SS  0.62 to SE  0.81)  , the reason of 

this discrepancy is attributed to the deficiency of the standard (k - ) turbulence model 

in accurately predicting the flow separation that occurs due to the adverse pressure 

gradient. Beyond the location (x

  0.81) the fluid reattached and the numerical results 

with the experimental data are approached. 

 

CONCLUSIONS    

Wake passing produces unsteady pressure field in the direction of the rotor traverse. 

For two-dimensional flow the comparison of the numerical results at mid-span with 

the experimental data is acceptable and there is similar trend between the prediction 

and experimental data, except at the separation flow region due to the limitation of the 

turbulence model. 
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Table(1) Parameters in the General Transport Equation. 

Fig. (1) Bar Passing Cascade Facility Consisting of Wake Generator and 

Cascade, Stieger (2002). 
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Fig.(4) Unsteady Velocity Vector at  

Mid-Span at ( = 0.1)  

for Re = 10
5
 ( = 1) 

Fig.(6) Unsteady Velocity Vector at  

Mid-Span at ( = 0.5)  

for Re = 10
5
 ( = 1) 

Fig.(5) Unsteady Velocity Vector at  

Mid-Span at ( = 0.25)  

for Re = 10
5
 ( = 1) 

Fig.(7) Unsteady Velocity Vector at  

Mid-Span at ( = 0.75)  

for Re = 10
5
 ( = 1) 
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Fig. (8) Instantaneous and Steady Velocities Resulting a Slip Velocity 
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Fig.(9) Unsteady Pressure at  

Mid-Span at ( = 0.1)  

for Re = 10
5
 ( = 1) 

Fig.(10) Unsteady Pressure at  

Mid-Span at ( = 0.25)  

for Re = 10
5
 ( = 1) 

Fig.(11) Unsteady Pressure at  

Mid-Span at ( = 0.5)  

for Re = 10
5
 ( = 1) 

Fig.(12) Unsteady Pressure at  

Mid-Span at ( = 0.75)  

for Re = 10
5
 ( = 1) 
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ABSTRACT. 
 

        Vibration monitoring is one of the most important techniques which are used to 

detect the cracks or defects in rotating mechanical systems. To distinguish 

characteristics of the system response that may lead to the transverse crack in rotating 

shaft, local asymmetry crack model is used where crack simulated by increasing the 

flexibility of the shaft and transverse crack in the shaft is introduced. 

        The obtained results showed a decreasing in the resonance shaft speed with 

increasing the crack depth ratio. The feature is used for diagnostics the crack in the 

shaft by using the graphed results between the natural frequency and shaft speed. The 

method of detecting was applied for several crack depth ratios (uncracked, %10, %20 

and %30) in a clamped-free rotor. Also for investigating the effect of position of crack 

and effect of mass location, a crack and mass with different locations are introduced 

in the shaft. Although, the presence of a transverse shaft crack has also been shown to 

induce an unstable response for some shaft speeds and the behavior of the 2x 

harmonic component of the system response is effective target observation for a 

monitoring system. 

 :الخلاصو
اكتشاف الشقوق او العيوب في الانظمو الديناميكيو الدواره من خلال مراقبة الاىتزازات يعتبرر وو اىميرو كبيرره وقرد 
استخدمت في عممية التحميل ىوه نمووجين ىمرا نمرووج لشرق شرامل عمر  لرول العمرود والاخرنمرووج لشرق مروقعي 

فات اسرتجابة النظرام والتري تردلل عمر  وجرود شرق عر ري اي في مكان محدد من العمرود وولرك لضررح تحديرد صر
-Clamped)  في العمود وان ىوا التحميل لبق عم  نوعين من الاعمده الدواره من حيث الشرول الحدوديو ىمرا

Free )و(Simply-Supported)  مررن قلررر اتعمررود حيررث تررم ( %10 ,%0و%%30 ,20 (ولاعمرراق مختمفررو
بوجود الشق يكون النظام غير مسستقر عنرد سرر   ولك بينت النيائجك .ود الدوارتمثيل الشق بزياده في مرونة العم

  .دوارانيو معينو
 

KEYWORDS: Vibration, Rotor, Crack Detection, transverse crack, flexibility, 

resonance shaft speed.  
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INTRODUCTION: 
       This research deals with detection of crack in clamped-free and simply-supported rotors 

by using of the resonance shaft speed. The magnitude of the crack depth will be determined 

by measuring the natural frequency of the rotor. 

       A uniform transverse crack, located on clamped-free and simply-support rotors of a 

circular cross-section which will be used as the physical model of the system. The crack on 

the shaft is assumed to be open during the transverse vibration of the rotor. This assumption 

will permit the effect of closing and opening of the crack in the analysis to be ignored. 

      An uncracked shaft has constant stiffness and has a constant displacement under a fixed 

load regardless of the angle of rotation. In cracked shaft, the cracked portion of the cross-

section is not capable of supporting a tensile stress. Therefore, the displacement, as a function 

of the stiffness, is minimum when the crack is closed and maximum when the crack is open. 

This opening and closing behavior, which is referred to as "breathing", results in time 

dependent stiffness coefficients in the equation of motion of the system, which is difficult to 

work with. Obtaining solutions usually requires making broad simplifying assumption or 

some type of numerical approximation. 

      System in which the displacements and vibration amplitudes remain very small result in a 

crack that remains essentially open regardless, of the angle of rotation. This type of crack, 

which is essentially a local stiffness asymmetry, is referred to as a "gaping" crack. The 

analysis of systems containing a gaping crack is extremely useful since the response 

characteristics, on crack indicators, identified in the gaping crack analysis are also present in 

the analysis of systems containing a breathing crack. Furthermore, these indicators prove to 

be the most practical, in terms of implementation, in the detection of real cracks. Also, since 

the introduction of a crack into a rotating system, on the most basic level, results in a system 

with a stiffness asymmetry, the analysis of systems containing an asymmetry is fundamental 

to the study of the dynamics of cracked rotating systems. 

  

  The primary effect of the presence of a crack in a rotating shaft is  

clearly a local reduction in stiffness. This highly localized effect does not influence the 

stiffness of the regions of the rotor away from the cracked cross section. Regardless of the 

type of cracked model used for analysis, the effective overall stiffness of the rotor is no longer 

symmetric. The analysis of the response of a rotor with designed-in asymmetry is therefore 

part of the fundamental basis for the analysis of the dynamic of shaft containing a transverse 

crack. It is important to note that for rotating systems the terms "natural frequency" and 

"whirl-frequency" are synonymous. Also, the terms "critical speed" refers to a shaft speed for 

which one or more of the natural (whirl) frequencies of the system are equal to the shaft 

speed. Therefore, the maximum 2x harmonic response occurs at shaft speeds that are 

approximately one-half of a critical speed, i.e. 1/2 ncr.  

 

In summery, the introduction of a gaping crack model into an existing system model 

has been shown to be a very effective method of obtaining reasonably accurate results from 

analysis, yet it avoids the inherent complexities of cracked shaft analysis due to breathing 

behavior. A discrete representation of the system allows the additional flexibility due to the 

crack to be placed arbitrarily along the axis of the shaft of the system. The 2x harmonic 

component of the system response is clearly the most practically implemented indicator for a 

monitoring and detection system.  

 
LOCAL MODEL OF CRACKED ROTATING SHAFT  
 

      The presence of transverse crack in a rotating shaft introduces highly localized flexibility. 

The additional flexibility that resulting from presence of crack must be determined and 

incorporated this flexibility into a discrete representation of the system. To achieve this 

localizing effect a transfer matrix method was used. The following are the  general data table 

(1.1) for rotor in local model which was used for crack detection. 
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Table (1.1) rotor data, local model 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 shows the three lumped stiffness elements; [F1], [Fcrack] and [F2], and the three 

lumped inertia elements; [ms1], [ms2] and [P] for a cracked system.    

 

 

 

 

 

                                  (a) 

 

                                     

 

 

 

                        [F1]    [Fcrack]    [F2]      [p]                            

                                          (b)               

 

Figure (1.1) Local Model 

 

       In this section we will use the Extended Transfer Matrix Method as by A.S. Lee and I. 

Green (1994) and by E.C. Pestel and F.A. Leckie. (1963) for free response analysis.  

 

 

Local Flexibility Matrix of Cracked Circular Cross- Section Shaft. 
 

      A crack on an elastic shaft introduces a local flexibility that affects the dynamic response 

of the system and its stability. To establish the local flexibility matrix of the cracked shaft 

under general loading, a shaft with a transverse crack is considered as shown in figure 1.2a. 

The crack has a uniform depth a long -y-axis and the shaft loaded with an axial forces P1 , 

transverse shear load P2 & P3 , bending moment P4 & p5 and torsion moment p6 

Length 0.5m 

Diameter 0.1m 

Density 7850 kg/m
3
 

Modules of elasticity (E) 200E9 N/m
2
 

Crack depth (a) Uncracked, 0.1D, 0.2D, 0.3D, 

Poisson ratio (υ) 0.3 

Shaft speed (n) 125 Hz 

y 

x 

n z 
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(a) Shaft Containing Crack 

 

 
(b) Cross-Section Crack 

Figure 1.2:  cross-section of the cracked shaft at the location of the crack. 

 

         

The additional displacement ui along the direction of loading pi and U the strain energy due to 

the crack are related by Castigliano's theorem as follow  

 

                                                                                      

                                                                                                       (1.7) 

 

 

where U has the form:-  

                                        

 

U =                                                                                                (1.8)  

 

 

 

therefore                 

                                    

 ui =                                                                                               (1.9)                          

 

          

       Where Pi is the generalized force associated with ui and J(α) is the strain energy density 

function according to Nikpour and Diamarogones (1988) given by :  

 

 

J(α) =                                                                                                         dy dx    (1.10)  

 

    

 

where:-                         for plane strain 
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E: Young's Modulus  

υ: Poisson's ratio   

Kni: crack stress intensity factor for mode n due to the type of applied load i.   

         

        In general the stress intensity factor (SIF) Kni (n=1,11,111) can not be taken as the same 

formats as the counterparts of isotropic material with the same geometry and loading. The 

SIFs, Kni for a unit width strip of depth α is obtained as follow:-  

               

  

Kni =                                                                                             (1.11)                     

 

 where:-  

 σi: stress due to the load Pi 

                                 

             : the correction function  

                      

  h: total length for the strip                       

     

  the local flexibility matrix [Cij] per unit width has the components  

 

 

                                                                                                     (1.12) 

 

  

after integration equation 4.12 along the crack edge length from b to  (-b) becomes :-  

  

                                         

                                                                                                     (1.13) 

 

 

Substitution of equation (4.10) into (4.12) yields: 

  

 

                                                                                                                          

 

                                                                                                    (1.14) 

 

       Based on equations (4.11) the components of interest in the local flexibility matrix CiJ 

become:  

 

011c    ,       012 c        ,      03223  cc  

 

 

 

    (1.15) 

                                                                                          

 

 

    (1.16) 
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Where: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

    

 

 

  In dimensionless form. 

                                   ,                                        

                                                                                                                                           

 

                                                                                                                    (1.20) 

                                  , 

                                     

 

 

     

 For each crack depth ratio (0%-50%) of the shaft diameter the flexibilities are numerically 

evaluated, with a program coded in Maple version 7.  

       These integral expressions are a function of a/D and plotted in figure (1.3). 
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   Here, the torsion and axial loading is ignored to avoid the coupling therefore the final 

flexibility at the location of crack which is represented a field matrix may be written as:  

  

 

 

 

                         

                                                                                                                             (1.21) 

 

 

 

 

 

 

 
TRANSFER MATRIX  
         

        Transfer matrix (point matrix and field matrix) relate the state vectors at the ends of the 

shaft. The state vector at any station may be defined in xyz coordinate system as: 

  

   {S} = {ux    θy    My    -Vx      -uy      θx      Mx      Vy }
T
                                  (1.22) 

 

As mentioned before.  

 u: displacement (m) 

 θ: angle (rad) 

 V:  shear force (N)  

 M: moment (N.m) 

          

  The filed matrix Fi which has the form shown in equation (3.13) is related the state vector at 

the left         to the state vector at right             as following:  

Dimensionless flexibility   

C
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ck
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Figure (1.3): Dimensionless Crack Flexibility 
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                                                                                              (1.23) 

 

while the state vector at the left of the station         is  related to the state at the right lumped 

mass       b y the point matrix [Pi]  

                                                                                                                                                                                                                          

                                                                                                      (1.24)                                                  

 

 OVERALL TRANSFER MATRIX 
     

            The overall transfer matrix is found according to:  

 

                   [U] = [P] [shaft2] [Fcrack] [shaft1]                                (1.25)  

 

where:  

         

[U]: Overall transfer matrix  

[P]: Point matrix of the attached mass  

[Fcrack]: Crack flexibility matrix  

[shaft1] = [Ms1] [F1]         

[shaft2] = [Ms2] [F2] 

Ms1, Ms2: Point matrix of part one and two   

of the shaft respectively [left and right of the crack]                              

 F1, F2 = Field matrix of the two parts of the shaft.     

      The state vector at the left side       is related to the state vector  

at the right          by the following relation  

 

                                                                                                    (1.26)       

 

       This equation can be solved for different boundary conditions at the left and right ends. 

UNDAMPED FREE RESPONSE 
clamped – free rotor 

In this case the boundary conditions are no displacement or tilt at the support end and no 

sheer or moment at the free end.  Applying these conditions to the overall transfer matrix 

given in equation (4.26) leads to the following:  

 

 

 

 

 

          =                                                                                         
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       =    

 

 

 

                 

         

           

 

                  = [F3]                                                                         (1.27)                                     

 

 

 

 

Where:                

 

 

[F3]= 

 

        

 

                                                                                                                     

 

                                                                                                                                                                         

             =                                                                

                                                                                                               

                                                                                     

                                                                                           

 

 

               =[F4]                                                                              (1.28)            

 

 

 

 

Where: 

 

 

[F4] =  

 

 

 
RESULTS: 
           By solving the eigenvalue problem of equation (1.27) four complex conjugate pairs of 

eigenvalues results and from which obtains the mode shape for a given eigenvalue which is 

the displacement and till portion of the state vector at the free end of the shaft.    

      From equation (1.28), the shear and moment portion of the state vector at the clamped is 

given by:  

 

 

 

            = [F4]
-1

                                                                           (1.29) 
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Substitution this expression for {My      -Vx      Mx     Vy} Clamped into equation (4.27) results in:    

 

 

        

 

 

           

 

       Change of natural frequency versus depth of crack ratio also graphed for clamped-free 

rotor as shown in figure (1.4). This graph shows how crack may be predicated by frequency 

change. 

    

 

                                                 

 

 

 

 

 

                                                              

       

 

 

                                                                

 

 

 

 

 

 

 

For each frequency magnitude, given by the four pairs of eigenvalue equation (4.30) 

forms a liner dependent system of equations. Solving this eigenvalue problem results 

in the corresponding mode shape or the vector {ux  θy   uy  θx}
T
.  

       

        The eigenvalues and eigenvectors, or mode shapes, are determined whirl 

direction to each frequency, and the true natural frequency are plotted versus shaft 

speed.  

 

       Figure (1.4) shows the whirl frequency as a function of shaft speed for crack 

depths ranging from (0%-30%) of the shaft diameter. The “x” symbols along 

horizontal axis indicate shaft speeds for which one or more of the eigenvalues has a 

positive real part, i.e., shaft speeds for which the response is unstable. Two references 

lines indicating critical speeds and "2x resonance" shaft speed are also include in each 

figure. 

Figure (1.4): frequency change of clamped-free 

rotor for, local model with depth of crack  

(1.30)  
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Figure:  (1.4a), uncracked 

(b)  10 % 

Crack 

Figure:  (1.4b), %10 

Crack 

 

(C)  20 % 

Crack 

Figure:  (1.4c), %20 

Crack 
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      From this analysis, shaft speeds at which the 2x resonance is maximum can be predicated for 

various crack depths. Table (1.2) gives the predicated 2x resonance shaft speeds based on the local 

asymmetry crack model. The decrease in the 2x resonance shaft speeds indicates the decrease in the 

natural frequency of the system resulting from the flexibility increased by the presence of the crack. 

This free response analysis of the system containing the local asymmetry crack model indicates that a 

decrease in natural frequency, which may be observed in primary and secondary critical speeds, is a 

characteristic of the system response that can be directly attributed to the presence of a transverse 

crack. Also, these results plotted as can be shown in figure (1.5).  

                                       

Table (1.2): Resonance Shaft Speeds for Clamped-Free rotor, Local Asymmetry Crack 

Model 

 

 

 

 

 

 

 

 

 

 

                                                     

 

                                                                  

                                                      

 

 

 

 

 

 

          

 

 

 

% Crack 

depth  

Resonance Shaft Speed Hz  

uncracked 86 

10 81.5 

20 78.9 

30 73.7 

Figure (4.10-a-b-c-d) Local Asymmetry Model Free 

Response at Various Crack Values for Clamped-Free 

Rotor 

 

 

Figure:  (1.4d), 
%30 Crack 

Figure (1.5) Resonance Shaft Speed versus Crack Depth for 

Clamped-Free Rotor, Local Model   
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The results obtained from current research for clamped-free rotor, local model compared with 

the results of the research presented by Sekhar, A. S., (2004) as shown in table below. 

 

Table (1.3) comparison of resonance shaft speed between current research     and Sekhar 

research 

 

%Crack depth Current research Research of Sekhr, 

A. S (2004) 

%error 

uncracked 86 86 0 

10 81.5 78.2 0.033 

20 78.9 70 0.089 

30 73.7 54.3 0.1189 

 

     This comparison shows adequate agreement between these results 

 
CONCLUSIONS 
 

     Crack monitoring was discussed for a clamped – free rotor and simply-supported rotor. It 

was observed that as crack introduced into the rotor, a drop in the natural frequencies 

occurred. Therefore, the major observation and conclusion can be summarized as follow: 

 

 The behavior of the 2x harmonic component of the system response is effective target 

observation for a monitoring system where include an increase in magnitude for 

increasing crack depth as well as a decrease in the shaft speed at which the 2x 

harmonic component of the system response is maximum as in figures (1.4 and 1.7).              

 The presence of a transverse shaft crack has also been shown to induce an unstable 

response for some shaft speeds as in figure  

 The detection of the changes in the magnitude of the 2x harmonic component of the 

system response becomes much more difficult for shaft speed which is greater than 

2x resonance speeds. 

 The Transfer matrix method offered a successfully procedure to represented rotating 

system model and can be used to detect the crack which significantly reduces the 

flexibility of the rotor. 

 It is possible to detect crack in rotor using measurements of change in the natural 

frequency without need for any analysis as in figures (1.4and 1.6).    
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ABSTRACT 

Most prime movers have vibrational problems due to the inherent unbalance in the engines. The 

unbalance may be due to faulty design or poor manufacture. Naturally, the structures designed to support 

heavy centrifugal machines, like motors, turbines and reciprocating pumps, are also subjected to vibration. 

In all these situations, the structure or machine component subject to vibration can fail because of material 

fatigue resulting from the cyclic variation of the induced stress. Furthermore, the vibration causes more 

rapid wear of machine parts such as bearings and gears and also creates excessive noise. 
This research is an example in the field of reducing as much as possible the vibration. To accomplish 

this, a digital instrument, based on an industrial computer, designed to measure the vibration level and 

rotor speed. Thereafter, displaying the required amount of weight that must be added or removed from 

blade in order to reduce the unbalance, which cause vibration  

    

KEY WORD: Vibration control, Helicopter Vibration, Vibration Measurement, Rotor Balance. 

 

 

 الخلاصة 

 ا  اوا التاٌاتا لاو ن اٌا بضاعد , معظم الأجزاء المتحركة تعاني من مشااك  اهىتازاتاب بضاعد  اوا تاٌاتا  جازاء المحارن

فمثلا  وا التٌاتا في محركاب الاونز  تاٌ إ ىلاو تٌلاو اىتازاتاب فاي  لمايو المحارن كافياو ,  خطاء تصميميو  ً  خطاء في الصنا ة

كالمحركااب ( الأجازاء الاوًالة ابذً) ا محركاب الطار  المركازإ الثمي اة  .ي المنطمة المجاًلة ليابولجو تٌ إ ىلو حوًث  صٌاب ف

 .ً ا ىذه اهىتزاتاب صٌف تٌ إ بالتالي ىلو انخفاض كفاءة  م  المحركاب ً تم ي    مالىاا. ًالتٌلبيناب ك يا تعاني من اهىتزاتاب

اىما مان متحضاش الضار ة ً الأخار مان متحضاش اهىتازاتابس ناتم حضاا  فارق  ا ف ره العحج ىٌ لياس فرق الطٌل بين ماٌجتين  حاو

الطٌل ىذا بٌاصطة برنامج  اخ  الحاصٌ  بعو آا نتم ى خا  الإشالتين ىلو الحاصعة بٌاصطة  ائارة تعشايك خاصاةس آا العحاج ىاٌ مثاا  

 .الأجزاء الوًالة ابفي مجا  تم ي  اهىتزاتاب ىلو ال  حو مم ن ل م ائن ذً

 



R. T. Ahmed                                                                                                     Using personal computer for vibration  

A. M. Salman                                                                                                              Measurements And Rotor Balancing  

W.K.Ibrahem 

 

 9215 

Weight attached to 

edge of disc  
Rotation  

Shaft is forced up when on edge 

of wheel is at the top of its 

rotary travel and down when the 

weight is at the bottom.  

Rotating disc on a shaft 

supported by spring.  

Fig. 1 Rotating of unbalance disc. 

 

INTRODUCTION 

One of the most important applications of vibration analysis is the solution of balancing problems. An 

unbalanced propeller, rotor or driveshaft will cause vibration and stress in the rotating part and in its 

supporting structure. Balancing of a rotating part is therefore highly advisable in order to accomplish one 

or more of the following (Prop and Rotor Balancing 2001): 

  Increase quality of ride. 

  Minimize vibration. 

  Minimize audible signal noises. 

  Minimize structural stresses. 

  Minimize operator annoyance and fatigue. 

  Increase bearing life. 

Before attempting to balance the rotating parts of a unit, one may determine the possible sources of 

vibration and unbalance (Facilities Instructions Standards and Techniques 2002). 

 Mechanical vibration sources. 

 Electrical sources of vibration. 

 The hydraulic passages of the unit should be checked for. 

The aim of the work is to design and implement a computerized system to balance any rotating 

machine. The system must specify which blade on the rotor causes the unbalance condition and the amount 

of weight that must be added to the blades in order to balance the rotor. 

It can be seen that if a rotating disc, see Fig. 1, is perfectly balanced, no vibration will be imparted to 

the supporting structure. If one adds a weight to the edge of the disc, the supports will be forced up and 

down once per revolution, as the disc rotates, generating a one-per-rev vibration. For simplicity, let us 

visualize that the supporting structure is in its farthest up position when the weight on the edge of the disc 

is up. If the weight on the edge of the disc is moved to a new location, it is clear that the support will still 

be up when the weight is up, as in the first instance. It follows that wherever the weight is fixed, the 

motion of the support will be “maximum up” when the heavy side of the disc is at the top of its rotation. 
Now, starting with an unbalance disc, if one can determine the angular position of the disc when the 

support is “maximum up”, it should be able to balance the disc. Simply stop the disc, position it was 

observed, and a weight is added to the bottom (Clarence W. de Silva 1999).  
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PRINCIPLE OF OPERATION 

The basic principle of the suggested balancing system operation is depending on measuring phase 

difference between two signals. By using two sensors. One is the magnetic pickup, which gives the pulses 

per revolution, and these pulses will be the reference for all calculations and measurement. The second 

sensor is the accelerometer, which give signals corresponding to vibration level. The block diagram of the 

implemented system is shown below. 
 The magnetic pickup signal was converted to square waveform using appropriate circuit. This square 

wave will be sensed by a personal computer using an interface circuit. 
Meanwhile accelerometer signals was filtered, smoothed and amplified by using an electronic circuit. 
Magnetic pickup and the accelerometer signals are in an analog form converted to digital form by the 

interface card. The two digital signals then fed to the computer for later signal processing. Inside the 

computer, the Revolution Per Minute (RPM) will be measured from the magnetic pickup, and from the 

RPM the frequency can be measured which is used as the center frequency for the BandPass Filter (BPF). 

The accelerometer signal is representative of all the mechanical motion (vibration) of the point to which it 

is attached. To derive a useful signal, all of the signals except that from the one per revolution of the rotor 

being worked must be rejected. The bandpass filter passes only the signal at the working RPM, which is 

the center frequency of the BPF. 
The output signal from the BPF is then converted to square wave in order to measure the phase 

difference between these signals. This phase indicates an angle between (0-360). The amount of 

vibration (amplitude) is measured from the output signal of the accelerometer.  
After that the additive weights which assigned from the pervious measurements must be added in 

order to reduce the vibration depend on charts supplied by the manufacturer of the machine. Fig. 2 shows 

the complete block diagram of the system. 
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SENSOR1 

SENSOR 2 

Magnetic pickup signal 

conditioning 

Accelerometer signal 

conditioning 

Interface 
Measuring Phase 

Difference 

Measuring RPM &  

Center Freq. 

Bandpass Filter 

Converting to 

Square wave 

Measuring 

Amplitude of 

Vibration 

Calculation of The Additive 

Weights 

Magnetic pickup signal 

Inside the computer 

Accelerometer signal 

fo 

Magnitude 

Balanced 

Fan 

Angle 

Fig. 2  Block diagram of the complete system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TRANSDUCER USED IN THIS WORK 

The two transducers used in this project are magnetic pickup for speed measurements and 

accelerometer for vibration measurements. 
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Fig. 3(A) External construction of the magnetic pickup. 

THE MAGNETIC PICKUP 

The first transducer is the magnetic pickup, which is used to measure the speed of rotation (RPM). The 

principle of operation is very simple and depends on (Faradays law), it consist of a permanent magnet and 

coil, when a piece of metal moves in its magnetic field it cuts the magnetic flux and generate a pulse just 

like the principle of generators. The magnetic pickup is fixed on the fixed plate (unrotating part) while a 

piece of metal (target) is fixed on the rotating part of the rotor. The target must be small and light as 

possible. When the rotor began to rotate, the target cut the magnetic field and generates a signal on the 

output of the magnetic pickup. The distance or air gap between the target and the magnetic pickup is 

between (0.5 – 2) mm and it depends on the type of magnetic pickup used. 
 Amplitude of the output signal depend on speed of rotation (speed at which the target cut the 

magnetic flux), air gap, size and the shape of target itself (Chadwick-Helmuth 1981). The magnetic pickup 

used has the specification that its operating temperature ranges (-10 to +120 C), mass 380 gram, 

inductance 115 mH, DC resistance (220 to 260)  at 25 C (Magnetic Pickup & In-Line Preamplifier) . 

The detected frequency in Hz is obtained from the relation: 

(1)                                                                         
60

RE
f       

Where f = Detected frequency in Hz. 

           R = Number of revolution (RPM). 

           E = Number of targets.  
Fig. 14 is a result of a test with RPM=160 and sampling time equal to 1 milliseconds with target one is 

closer than target two to the sensor. 
And finally the fig. 3A and fig. 3B below shows the magnetic pickup external and internal 

construction (Maurice L. Adams 2000). 
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Fig. 3(B) External construction of the magnetic pickup. 
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MAGNETIC PICKUP SIGNAL CONDITIONING CIRCUIT 

The magnetic pickup signal must be converted to square waveform using appropriate electronic 

circuit. This square wave will be sensed by a personal computer using a suitable interface circuit. 

A suitable circuit will convert the signal from the magnetic pickup to a square wave. Fig.  4(A) and 

fig. 4(B) shows the circuit diagram and a simplified block diagram for the circuit used. The first block is a 

low pass filter, which pass the required signal frequency from magnetic pickup. 

The second block is a comparator, in order to convert the sine wave to square wave, and the output 

signal of the second part is shown in Fig. 15. In order to get a pure square wave with 50% duty cycle the 

third block is added, which is a J-K flip flop. Because of using JK flip-flop output signal frequency of the 

overall circuit will be half frequency of the system-input signal as shown in Fig. 16. This problem will be 

solved in the program (software). Magnetic pickup signal is in an analog form converted to digital form by 

the interface card. The signal then fed to the computer for later signal processing. Inside the computer, the 

Revolution Per Minute (RPM) will be measured from the magnetic pickup (Chadwick-Helmuth 1981). 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 4(A) Circuit diagram for magnetic pickup signal conditioning. 

 

+5 volt 

Signal from magnetic pickup  J-K flip flop  

Output pickup signal 

conditioning 
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Signal from 

accelerometer 

Output of accelerometer 

signal conditioning circuit 

Fig. 5 Accelerometer signal conditioning circuit diagram. 

 

Output   Buffer AC-Amplifier Signal from 

sensor 

Fig. 6 Accelerometer signal conditioning circuit block diagram. 

 

 
 

 

 

 

 

 

The above electronic circuit is very easy, simple, components are available in markets and over all its 

operation is very efficiency with low maintenance. 
 

THE ACCELEROMETER 

The second transducer is the accelerometer, which provides the balancer with an electrical 

representation of the physical motion of the point to which it is attached.  
Fig. 17 shows the accelerometer output signal. Notice that the output signal is a combination of 

various signals with different frequencies. This is because the accelerometer is very high sensitive device 

and there are many other vibration sources acts on the point to which the accelerometer is attached such as 

shafts, gears, and other rotating parts (S. Q. Reza Moheimani and Andrew J. Fleming 2006) and (Maged 

Mostafa Alaa El Din Sayed 2006). 

ACCELEROMETER SIGNAL CONDITIONING CIRCUIT  

In Fig. 5 shows the circuit diagram related to the accelerometer (Chadwick-Helmuth 1981). Fig. 6 

shows a simplified block diagram of Fig. 5.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Filter  Comparator   Flip Flop    
From 

sensor 

Fig. 4(B) Magnetic pickup signal conditioning block diagram. 
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The accelerometer signal is very small (millivolts) with dc components, therefore an AC-amplifier is 

used to amplify the signal. In order to do this the second part of the circuit is used which removes all dc 

components, and amplifies the input signal. Because of using inverting amplifier this part will change the 

polarity of signal to its original polarity. Fig. 18 shows the output signal of the second part. Fig. 19 shows 

difference between accelerometer signal before and after amplification. 
 

THE INTERFACE CARD 

The output signal from the magnetic pickup and the accelerometer are in analog form. In order to feed 

these signals to a digital computer, a suitable interface card designed. The interface card contain analog to 

digital converter (ADC), ADC are widely used for data acquisition. 
Digital computers use discrete values, but in the physical world everything is continues (analog) such 

as temperature, pressure and velocity etc. 
The 0804 IC is an ADC it works with (+5 volt) and has a resolution of 8 bits. The sampling rate can be 

controlled by these 8 bits with clock frequency 1.16 microseconds and connected to the parallel port. The 

language of programming is written in visual basic. The complete flow chart of the interface card is shown 

in fig. 7 (Sood 1990) and (User‟s Manual 1995). 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THE SOFTWARE 

Till now the hardware feeds the computer with magnetic pickup signal (square wave) and the 

amplified accelerometer signal. Principle of operation is to measure the phase difference between these 

two signals and to measure the amplitude of vibration. 
In order to measure the phase difference between these two signals they must be of the same form 

(square wave) and same frequency. Therefore the accelerometer signal must be converted to square wave. 

Before doing this, the signal must be filtered, because the accelerometer signal is a combination of many 

signals with different frequencies as was shown in Fig. 18, so the accelerometer signal must be filtered 

Start 

Port Initialization 

Start Conversion  

Data 

Ready 

Read Data  

End 

No 

Yes 

Fig. 7 Complete flow chart of the interface card. 
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from all these undesirable signals except the signal with rotation frequency (Michael R. hatch 2000) and 

(Nian-Zhao Jiang et. al. 2007) 
Step one: Frequency and speed measurement, Figure below shows the flow chart of this part of the 

software 

 
 

 

 

 

 

 

 

 

 

 

 

Step two : Filtering the accelerometer signal 

The heart of the Balancer is its tunable electronic band pass filter. The accelerometer generates an 

electrical signal which is representative of all the mechanical motion (vibration) of the point to which it is 

attached other than one-per-revolution of concern, such as shafts, gears, engines, bearings, all will 

contribute their own vibrations. The accelerometer is “a high fi” device and reads all the vibration presents 

at the point to which it is attached to derive a useful signal, all of the signal except that from the one-per-

revolution of the rotor being worked, must be rejected (Moschytz and Horn 1981). 
Filters, often called wave filters, are frequency-selective networks designed to „pass‟ or transmit 

sinusoidal waves in one or more continues frequency bands and to „stop‟ or reject sinusoidal waves in the 

complementary bands. Filters with single pass band are typically classified as low pass, high pass, and 

band pass, depending on the band of frequency, which are passed. For example, the pass band of the band 

pass filter illustrated in Fig. 8(A) extends from the frequency ω1 to ω2.  
A band pass filter is a circuit that permits the passage of frequency components of a signal over a 

frequency band and rejects all other frequency components of the signal. A filter can be built by using, for 

example, resistors, inductors, and capacitors. Fig. 8(B) illustrates the response characteristics of a Band 

pass filter whose lower and upper cutoff frequencies are ƒL and ƒH, respectively. A practical filter will 

have a response characteristic deviation from the ideal rectangle as shown by the solid line in Fig. 8(B). 

For a good band pass filter, the ripples within the band will be minimum and the slopes of the filter skirts 

will be steep to maintain the actual band pass close to the ideal value the bandwidth is BW = ƒH - ƒL . For 

a practical filter, the frequencies ƒL and ƒH at which the response is 3 db below its mean band pass 

response are called the cutoff frequency (Bogner and Constantinides 1980). 
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Fig. 8(A) Typical input and output frequency spectrum of band pass filter.  

 

Fig. 8(B) Response of a Band pass filter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The frequency obtained in the previous part is used as the center frequency of the bandpass filter. The 

bandpass filter is a Butterworth digital bandpass filter and used to pass only the frequency corresponds to 

the one-per-revolution (Bogner and Constantinides 1980). 
Since the software do the work of the filter so it is digital filter used. The digital filter transfer function 

is derived by Z-transforming the transfer function of a known analogue filter G(s), that is G(z)=Z|G(s)| 
In general 

)(

)(

1
)(

2

2

1

1

2

2

1

10

zX

zY

ZbZbZb

ZaZaZaa
zG

q

J

p

p













  

Where ai  (0  i  p) and bj  (1  j  q) are the digital filter coefficients. It follows that: 
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But Z-k corresponds to a delay equal to k sampling periods, consequently eq. (2) may be written in a 

linear difference equation form: 

qkqkkkpkpkkK ybybybyxaxaxaxa    221122110   

(3)                        221122110 qkqkkpkpkkkk ybybybxaxaxaxay       

Eq. (3) is recursive, whereby the present output sample value yk is computed using a scaled version of 

the present input sample xk and scaled versions of previous input and output samples. This form 

corresponds to an Infinite Impulse Response (IIR) digital filter. Sometimes it is useful to represent the 

linear difference equation in a block diagram form, as shown in Fig. 9 (Bogner and Constantinides 1980). 
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Fig. 9 Block diagram of IIR digital filter.  
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Butterworth is used because of its good properties such as fast response with fewer ripples. Fig. 10 

shows the Butterworth bandpass filter output when it is applied to the accelerometer signal. 
  Because of different speeds (RPM) of different machines, the center frequency is varied. The 

bandpass filter used is designed to be general one (i.e. for different speeds). Therefore it is suitable for 

different frequencies and this is done by obtaining the parameters of the bandpass for each speed (center 

frequency) (E. F. Berkman and E. K. Bender 1997). 
The software measures the RPM and according to that, it will select the appropriate parameter, from a 

look up table parameter order to get the correct filter. This table is obtained by using Matlab programming 

(Bogner and Constantinides 1980). The aim of this filtering is to get accelerometer signal frequency 

equivalent to magnetic pickup signal frequency in order to measure the phase shift. 
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Fig. 10 Butterworth bandpass filter output for the accelerometer signal. 
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Step three : Accelerometer equivalent square wave 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step four : Phase shift measurement 
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(4)                           
360)(

)deg(
cyclecompleteoneforsamplesofNumber

samplesinshiftephasMeasured
reePhaseshift


  

Step five : Measuring the amplitude of vibration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step six : Calculation of the additive weights 

Until now the phase shift (degree or Clock angle) and amplitude (Volt) of vibration is obtained. The 

final part of the software is to calculate the additive weights for balancing. The manufacturer of each 

machines provides a certain chart for evaluating the amount of these weights.  

The balance charts receives the measurement of vibration (amplitude and location of additive weight) 

and calculate the weights required for balance the rotor, These charts came from the calculations of the 

designer of the rotor machines (Peter Konstanzer et. al. 2008). 

A balance chart consist of: 

 A clock face ( 12 radial lines ) representing "clock angle". 

 A set of 10 concentric circles representing "Volt" , drawn over the clock face, with zero at the 

center and 1.0 at the outside. 

 A graph over the clock face and "Volt" circles, whose axes are geometrically related to the 

available weight attachment points (as provided by the manufacturer). If the weight attachment 

points are 90
o
 apart (as on  4-blade rotor) the axes of the "graph" are at 90

o
 to each other. If for a 

3-blade rotor, the axes are 120
o
 apart, etc. 

The intersection of "Volt" circle and "clock angle" lines define a point on the chart. From this 

point, lines to the axes of the graph show amount and location of the weight to be added or subtracted 

required to accomplish balance.  

Fig. 11 shows one sample of the charts used in main rotor of helicopters with 3-blade type (Gazelle).  

example (1):  

Vibration amplitude 0.65 volt and clock angle 1.33 there fore the additive weight for balance is 8 

grams to the Target blade and 8 grams to the A blade. 

example (2):  

Vibration amplitude 0.85 volt and clock angle 5.5 there fore the additive weight for balance is 12 

grams to the B blade blade and 10.5 grams to the target blade. 

example (3):  

Vibration amplitude 0.8 volt and clock angle 7.75 there fore the additive weight for balance is 4 grams 

to the A blade and 12 grams to the B blade. 

 

D 

End 

Measure the average 

  samples  ofnumberzy  

Print the amplitude of vibration 
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Grams to be added 

 Grams to be added 

 

Grams to be added 

 

Grams to be added 

 Grams to be added 

 

Target blade 

Grams to be added 

 Fig. 11 Chart for three-blade rotor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
SIMULATOR 

In order to test the designed balance system, i.e. the hardware and software, a simulator is needed. . 

The simulator consists of a DC motor operates from 12 volt with full load current about 8 Ampere. The 

speed of rotation can be varied from the DC power supply, which is designed specially for the simulator. 

The motor maximum speed is 900 RPM (full load) and can be varied through a potentiometer on the 

output of the power supply. The motor is positioned vertically and fixed on  metal plate, which can be used 

to hold the magnetic pickup and the accelerometer. This small metal plate is connected to the base of the 

simulator through three legs with springs to allow free movement of the motor when it is unbalance. There 

is a vertical shaft used to fix the motor so that it prevents the motor from any movement. This situation is 

useful for some measurements and tests when considering the motor to be completely balanced. 

The motor has two shafts, the first one is upward and connected to a three-blades fan. Different 

weights can be fixed to the blades to control vibration. The second shaft is downward and with a small 

metal plate (Target) used to operate with the magnetic pickup. 

The simulator is a general purpose one, so one can change the fan to another fan with different number 

of blades. Also one can change the number of targets to give more pulses per revolution (pinion) such 

application like turbine, the simulator is shown in fig. 12.  
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PRACTICAL EXPERIMENTS BY USING THE SIMULATOR  
 

The system is tested using the simulators. During the test carried on the simulator, different cases were    

considered such as: 

Different weights on different blades. 

Different positions of the sensors. 

Longitudinal axis of the accelerometer. 

Different number of targets. 

Different speeds (RPM). 

The configuration relating the blades with target is shown in Fig. 13 This configuration is used during 

all tests. The term “heaviest” means that a weight is added to the correspond blade. The output of the 

experiment is phase shift (degree or Clock angle) and amplitude (Volt) of vibration. The final part of the 

experiment is to calculate the additive weights for balancing that can be calculated from the charts as 

explained previously. 

Motor 

Fan  

Magnetic Pickup 

Metal Plate 

Fixing Shaft 

Downward Shaft  Base Plate   

Legs With Spring    

Power 

Supply 

Fig. 12 The simulator. 
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Fig. 13 The configuration relating the blades with target. 

Fig. 14 Magnetic pickup output signal.  
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Fig. 17 Accelerometer output signal. 
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Case (1): 

The heaviest blade is T. 

The fan has one target. 

Angle between two sensors = 180 degree. 

Magnetic pickup frequency = 5.95 Hz. 

Accelerometer frequency = 5.95 Hz. 

Accelerometer average value = 0.6 volt. 

Accelerometer RMS value = 0.75 volt. 

RPM = 357 

Phase shift = 356 degree 

Clock angle = 12 

Case one is shown in Fig. 20 

 
                                                    

                                                                  

Case (2): 

The heaviest blade is B. 

The fan has one target. 

Angle between two sensors = 180 degree. 

Magnetic pickup frequency = 5.95 Hz. 

Accelerometer frequency = 6.25 Hz. 

Accelerometer average value = 0.55 volt. 

Accelerometer RMS value = 0.70 volt. 

RPM = 360 

Phase shift = 240 degree 

Clock angle = 8 

Case two is shown in Fig. 21                          
 

 

 

 
Case (3): 

The heaviest blade is A. 

The fan has one target. 

Angle between two sensors = 180 degree. 

Magnetic pickup frequency = 5.95 Hz 

Accelerometer frequency = 5.81 Hz 

Accelerometer average value = 0.57 volt. 

Accelerometer RMS value = 0.66 volt. 

RPM = 357 

Phase shift = 110 degree 

Clock angle = 4 

Case three is shown in Fig. 22 
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Fig. 20  Magnetic pickup and accelerometer waveform 

for case one.  
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Fig. 21 Magnetic pickup and accelerometer waveform 

for case two. 
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for case three. 
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CONCLUSION 

 Vibration measurement and analysis is an important tool for creating a smooth operation of the 

machines The relationship between unbalance of a rotating body and the vibration produced is 

highly depended upon rotor speed and other operating conditions. When making vibration 

measurements for the purpose of determining and correcting unbalance, the operator must 

operate the machine in a consistent and repeatable manner to insure that repeatable 

measurements can be made. 

 To measure the vibration due to rotor unbalance, a vibration transducer (sensor) is attached to 

the vibrating body when measuring imbalance. The vibration sensor converts this mechanical 

motion into an electrical signal that corresponds to the body‟s motion in space. The vibration 

analyzer is then used to sample this electrical signal and make various calculations based on 

the electrical signal‟s properties. 

 In addition to the vibration measurement, a tachometer signal is collected. A tachometer sensor 

(magnetic pickup) is used to detect the position of the rotating body with respect to time. As in 

the case of the vibration transducer, the tachometer sensor converts this information into an 

electrical signal, which can then be sampled by the vibration analyzer and used in various 

calculations. 

 The analyzer will collect a series of narrowband vibration readings called peak phase 

measurements since each reading is composed of a peak value and a phase reading. The peak 

reading (amplitude) is proportional to the amount of mass unbalance in the rotating machine. 

 The phase reading (phase angle) provides information about the location of the mass 

unbalance. The analyzer based on the amplitude and phase angle of the vibration reading 

computes a balance solution (corrective weight) depending on charts that supplied by 

manufacturer. The corrective weight is then applied to the machine and the measurement 

process is repeated. The balancing job is finished when the vibration is reduced below an 

acceptable level (Prop and Rotor Balancing 2001). 
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ABSTRACT: 

 

Casting defects are ones of the important problems occurring in the casting process .The large 

number of the defects make the diagnosis of them difficult and depend on the inspector experience 

and his information of the defects property. This diagnostic perhaps being wrong and not accurate. 

Therefore in this research an inclusive program through information system was designed to 

diagnose the defects and its causes then put the suggested remedy, this program contains four 

methods to recognize the defects in castings .The methods are 1.Use selection of the listed property 

of the defects 2.Benefit from the pictures of defects to diagnose the defect. 3. The questions and 

answers method .4.Combo box that contains all the defects name .The last method was designed 

only for the workers having a great experience in this field. It is found after verification that the 

method of picture is the simplest and rapidly one because the user needs to see the picture that is 

given to him and compare them with the castings defect. The program was designed by the use of 

Visual Basic language, which allows making dealing with the methods easy. The arrangement of 

this number of defects was done by use general classification that classify them to seven groups 

and these were divided to subdivision groups .The verification was done to check the effectiveness 

of the program and it gave good results . 

   

 الخلاصة  
يجعل ان عدد ىذه العيوب كبير بحيث .التي تواجو عممية السباكة ىي العيوب التي تظير في المسبوكات  مشاكلمن اىم ال

وىذا التشخيص ربما يكون خاطى احيانا او غير .تشخيصيا صعب ويعتمد عمى خبرة الفاحص ومعموماتو عن عيوب السباكة 
يعمل عمى تشخيص العيوب ويحدد اسبابيا ومن ثم وضع  ل من خلال نظام معموماتدقيق لذلك تم تصميم ىذا البرنامج الشام

استخدام  -5بحيث يحتوي عمى اربعة طرق من خلاليا يتم معرفة العيوب في المسبوكات وىذه الطرق ىي  العلاجات المناسبة ليا
عن طريق الاسئمة  -3خيص العيوب استخدام الصور والاستفادة منيا لتش -2الاختيار لخواص العيوب ضمن قائمة معينة 

ان الطريقة الاخيرة مصممة .عن طريق اسماء العيوب الموجودة جميعيا ضمن قوائم مدرجة  -4والاجوبة في تحديد نوع العيب 
الخبرة فيو وقد وجد بعد التطبيق ان طريقة التعرف عمى العيب عن طريق الصور ىي اسيل ليم و  فقط لمعاممين في ىذا المجال

طاة لو في البرنامج الطرق لان المستخدم يحتاج فقط لمقارنة شكل العيوب الموجودة لديو في المسبوكة مع الصور المع واسرع
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يكون التعامل من خلاليا مرن ومفيد جدا مع والتي  Visual basicطريق لغة  وقد تم تصميم البرنامج عن.عيب وتحديد نوع ال
لى سبعة مجاميع رئيسية وىذه المجاميع قسمت الى مجاميع فرعية ثم ادرجت ضمن تم تصنيف العيوب ا لقد.انظمة المعمومات 

 .من الدقة جيدةد من فعالية البرنامج ووجد انو يعطي نتائج ليا نسبة تم اجراء تحقيق لمتاك قدو .الطرق الاربعة 
 

KEY WORDS 
Defects,  remedy,  diagnostic, casting , information 

 

INTRODUCTION 

 

There are many defects that appear in castings products due to some reasons such as the existence 

of gases in molten metal, the inclusions in metals and mould, the moisture in sand mould and 

improper pouring temperature (British standered,1956) . Most of these defects appear in sand 

casting and less in other types of casting. Some defects can be accepted with them because their 

effects are negligible others are refused that led to losses in time and money for the manufacturer 

.The methods that available to recognize these defects are slow and randomly and depend only on 

worker experience. Some literatures survey approach from this subject such us:( Mery ,2002) who 

make review of methods for automated reduction of casting defects , (Naro,2002) deals with 

porosity defects in iron casting from mold metal interface reactions .(Mark ,2005) study the 

analysis and reduction of casting defects . The present work is a practical method for diagnostic 

because it depends on computer technique to design and implementation information system for 

general diagnostic and remedy of casting defect. The user can choose one of the methods that 

designed in the program to get the final result of the search, and this is done by following the steps 

of every method until reaching the final result which contains the properties of the defect, its 

causes and the suggested remedy.   

 
 DESIGN OF PROGRAM 

 

The experimental work includes: 

1 Design the program contains all casting defects through suitable classification which divides 

       the defects into seven groups according to their properties (Technical council,1950) 

Group A (Metallic Projections) 

Group B (Cavities   (  

Group C (Discontinuities  (  

Group D (Defective surface). 

Group E (Incomplete casting). 
Group F (Incorrect Dimensions and Shape).  
Group G (Inclusions or Structural Anomalies). 

These groups were divided to subdivision groups(Groover, 1996) 
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2 In the program there are four methods Fig. (1) designed to diagnose the defect by choosing one 

of  them:  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

METHOD OF SELECTION 
       The user can choose this method by click on point (1) in the main window then Fig. (2) 

appear. Now it should select if the defect seem to be external or internal and if it is unknown select 

(not known), also select if it general (alloy) or (steel), because the program is separately searching 

these two alloys. In this window the user should choose one of the seven groups because they are 

all actives, the chosen was done by the user decision when compare its castings defect with them. 

Now when select one of the groups a window appear that contains all the properties of the external 

or internal defect according to the previous choice Fig. (3). All the properties are actives, but 

before click on any one and in order to make sure of the choice there is a command (show picture) 

when click on it, the picture of the selected properties is appear Fig. (4), then it can select the right 

property. It will take to the next window, which includes the mean defect for that property through 

the general classification of its group. In this classification, the exact defect is only active and 

appears with the color different from the others defects in the groups which they are non-actives in 

that time Fig (5). When click on the block of this defect the final result will appear which contains 

the properties of the defect, its causes and the suggested remedy for it, also a small picture for the 

defect Fig (6).  

Fig (1) The main window of the program. 
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Fig. (2) The selection of the groups with the type of the defect 

and alloy 

Fig.(3) The  Selection of the property 
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Fig. (3) The selection of the property  

Fig. (4) The picture of the defect of the selected property 

Fig. (5)The general classification of the mean defect  

Fig. (6) The final result    
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THE METHOD OF PICTURES 
 

The second method is the use of pictures Fig. (7) (a) and (b) to recognize the defect by comparing 

the picture of the defect in defective casting with the pictures of all defects listed after choosing the 

type of defect and the kind of the alloy. Also it should choose one of the seven groups, Fig. (8). 

Then the pictures appear until find the same picture of defect same as of the defect in defective 

casting. Fig. (9). This picture is active in that time, when click on it the general classification of 

that defect appearFig. (10) .The defect in this classification is the only one active and appears with 

different color while other defects in the classification are not active Fig. (11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.11 The choice of internal 

and alloy with group B 

Fig. (7) (a) The choose of the second method 

Fig. (7) (b) The start of the second method 
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Fig. (8) The choice of types of the defect, the kinds of alloy and the group of defect. 

Fig. (9) One of the listed pictures 

Fig. (10) The general classification of the mean defect 
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METHOD OF QUESTIONS AND ANSWERS  

There is method of diagnose the defect in the defective casting by using the questions and choose 

answers that give the exact result. First it should take point three in main window Fig. (12) then 

the next window appear to choose the types of the defect and the kinds of casings Fig. (13) After 

that the starting window of the method appears Fig. (14) .In that time many questions related to the 

properties of the choosing types appears Fig. (15), the questions can changed by clicking (No) for 

the question that not give the right property until reach to the question give the property similar to 

the defect in the castings. When click (Yes) to that property, the general classification of the mean 

defect appear with the different color between the other defects in this classification Fig. 

(16).Clicking on the mean defect give final result Fig. (17). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Suggested Remedy 

Fig (11) The final result. 

Fig (12) Selection of third method  

Welcome To Casting Defects Program 
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Fig (14) The starting of third method 

Fig (13) Choose the types of defect and the kind of casting 

Fig (15) The questions of properties of defects  

Welcome To Casting Defects Program 

Welcome To Casting Defects Program 
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RESULTS AND VERIFICATION 

 

In order to check the results of the program and its accuracy, verification was done by casting three 

castings with planning to create many particular defects that appointed premature. Therefore three 

samples were taken, the first one include a (Flash) defect. It is aluminum alloy cast with sand 

casting method, the second achieved with existence of (Shift) defect by intending no 

corresponding between the upper part of the mould with the lower part, while the third defect 

which is( blow holes) create by preventing the gases in the molten metal to exit through the mould, 

and make the molten metal exposed to the atmospheric gases. Then the diagnoses for these defects 

Fig. (16) The classification of the defect   

Group G 

Fig. (17) The final result    

Suggested 

Remedy 
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were done by applying the program step by step to check its effectiveness in work with properly 

form to recognize the defect. 
   

 

Application Of First Method To Find (Flash) Defect 

The defective parts appear in Fig.(18) ,they are used to make verification to the first method of  

information program was done .By using selection of properties of the defects to find the  defect  

it is seen that this sample has defects seems to be additional metals from the side of the part. At the 

first it have to distinguish the general properties of this defect, it is external defect with aluminum 

alloy and it is suitable with first group of defects (Metallic projections).when following the steps of 

the method with Fig.(19),Fig.(20) , Fig.(21) ,Fig.(22) the final results will appear in Fig.(23), 

Fig.(24)Which explain that this defect is (Metallic  

projections ) in the form of fins called(flash) with all his causes and suggested remedy. 

 

 

Welcome To Casting Defects Program 

Fig .(19) Choice of the first method  

Fig (18) The first samples for first defect     
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Fig .(20) Choice of the types of the 

defect  

Fig .(21) Choice the right property  

 

Fig (22) The Picture of the selected property  
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Suggested Remedy 

 

Fig (24) The final result of the mean defect  

Fig (23) The general classification of the mean defect  
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Application Of The Second Method To Find  (Shift ) Defect : 

The second defective sample Fig.(25) is used to make the verification on the second method of  

the program which is used pictures to recognize the type of the defect choosing all the  

conditions of this defect and following the steps of the second method Fig.(26) ,Fig.(27), Fig.(28)it  

is seen that this defect is classify to (group f)Fig.(29) which is called incorrect dimensions of shape  

with sub division(casting shape incorrect overall or in certain locations)and his name is (shift)or  

(mismatch) or (cross joint).Final results appear in Fig.(30) .the defect ,its properties,causes,and  

Remedy. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

  

Fig. (25) The samples of the second defect 

Welcome To Casting Defects Program 

Fig. (26) The samples of the second defect 
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Fig. (27) The choice of the type of defect and castings  

Fig. (28) The picture of the same defect 
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Application Of The Third Method To Find (gas holes) Defect 

The third method is used to find the defect in third sample Fig.(31). This method depend on questions and 

answers Fig.(32) ,according to the steps of program and by choosing the group of defect between the seven 

groups listed Fig.(33).It is seen that the group is (B) called cavities ,when following the questions related 

with the properties of defects Fig.(34),Fig.(35) ,the results appear in Fig.(36) with the classification of this 

defect .It is cavity with generally rounded smooth wall internal and called (Blow holes pin holes) ,finally 

Fig.(37) give the properties, causes and suggested remedy. 

 

 

 

 

 

 

 

 

Fig. (29) The general classification of the mean defect  

Fig. (30) The final result of the mean defect  

Fig. (31) The samples of the third defect 
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Welcome To Casting Defects Program 

Fig. (32) The choice of third method  Fig. (33) The choice of the types of the defect and 

castings and the groups  

Welcome To Casting Defects Program 

Fig. (34) The starting of third method  

Welcome To Casting 

Defects Program 

Fig. (35) The questions of third method  
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DISCUSSION 

      It is seen after this verification to the program that it is useful in diagnostic the defects. It is 

save time for the user and manufacturer by reduce the time of searching because it give the 

limitations of properties of the defects in different castings with simple search when following the 

steps in every method. Although the program contains large number of defects but the 

classification that put and the methods of diagnose make the program useful and practically . The 

program helps to give right results for large number of defective castings in order to help the user 

to reach to properly process of casting and then for less-defective castings. It is clear from the 

previous applications that the diagnostic of the defect by this information system among this 

number of defects is with good accuracy and speed.  

 

 

     CONCULUSIONS 

 There are a great need to make useful program to deal with the large number of 

casting therefore in this research an information system is design by use visual basic 

language in order to put these defects in suitable classification to make a methods 

for diagnostic.  

 The program is with high speed for diagnostic of casting defects when compared 

with diagnostic from the experts that require long time and perhaps being wrong. 

 The program information is a result of long experiences with hard work on casting 

defects, from many companies, in this program the information are assembled from 

large references then put them in information system. 

 The program use general classification of defects then it is divided to sub division. 

The user can choose one of the four methods established to give him the path that 

he led to the final result. 

 It is seen that the method of picture is the simplest one because it need only looking 

and make comparison. 

 The methods of diagnostic in this program are simple to give the user final results 

of searching about the defects properties, causes and remedy without need a great 

experience to deal with it.    
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ABSTRACT: 

           Free vibration solution will be developed for laminated simply supported closed 

cylindrical shells. This solution is obtained using General Third Shell Theory (G.T.T.). Also 

the critical in-plane fatigue load is studied and the required equilibrium equations are 

developed, the effects of tension or compression in-plane load on the natural frequencies are 

discussed also. The natural frequencies and in-plane fatigue load results are very close to 

those obtained by other researchers.  

 

:لخلاصةا  

. الاهتشاس انحز نقشزٌاث طباقٍت يسُذة بصىرة بسٍطت تى تطىٌز حم نه باستخذاو َظزٌت انقشزٌاث انعايت انزتبت انثانثت

كذنك تى يُاقشت تاثٍز حًم , كذنك تى دراست حًم انكلال انحزج فً انًستىي كًا تى تطىٌز يعادلاث انتىاسٌ انضزورٌت

فً انًستىي قزٌبت خذا نتهك َتائح انتزدد انطبٍعً وحًم انكلال . ى انتزدد انطبٍعًالاَضغاط او انتًذد فً انًستىي عه

.انًحصم عهٍها يٍ قبم باحثٍٍ اخزٌٍ    

 
KEYWORDS: 

 

Free vibration, fatigue, cross-ply, cylindrical shells, general third shell theory. 

 

INTRODUCTION: 
           The last decay is marked by a transition in use of composites has expanded from 

aerospace and defense applications into a wider commercial arena. Today composites are 

used in the power generation industry, the automotive industry, biomedical engineering and 

various consumer goods. In service similarly to other materials, advanced composites age, 

suffer physical or chemical degradation and accumulate micro mechanical damage. As cured 

laminated composites cool to room temperature, stresses develop at the laminae and fiber-

matrix interfaces due to the different consistent expansion characteristics. Hence, initially 

stable composites could become unstable in an actual space application. In all above 

applications, it is important to achieve low weight, high strength, stiffness and safety which 

can be achieved by good fatigue performance. Most of structural theories used till now to 

characterize the behavior of composite laminates fall into the category of equivalent single 
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layer (ESL) theories. In these theories the material properties of constituent layers are 

“smeared “to form a hypothetical single layer whose properties are equivalent to through-the-

thickness integrated sum of its constituents. This category of theories have been found to be 

adequate in predicting global response characteristics of laminates, like maximum deflection, 

maximum stresses, fundamental frequencies, forced response, or critical buckling load. 

Continuum based theories give an analytical (3-D) elasticity solutions for beam, plate and 

shells but it cumbersome. High order shell theories are those in which the transverse strains 

are accounted. The (in-plane) fatigue loading (presented as buckling load in present work) of 

shell of revolution such as cylinder or conical has been studied by many researchers. 

                          (Altan Kayran & Vinson 1990) presented an analysis for the free vibration 

characteristics of isotropic and laminated composite truncated circular shells including 

transverse shear deformation. All components of translatory and rotatory inertia are included. 

The applicability of linear shell theory due to Reissner is assumed, and governing equations 

are solved for the natural frequencies and mode shapes by using a combination of modal 

iteration and transfer matrix approach for different boundary conditions. 

           (Narita et al 1992) developed a theoretical method for solving the free vibration 

angle-ply laminated cylindrical shells. The angle-ply laminated shell is macroscopically 

modeled as a thin shell of General anisotropy by using the classical lamination theory. Shell 

theory is minimized by following the Ritz procedure, and arbitrary combinations of boundary 

conditions at both ends are accommodated by introducing newly developed admissible 

functions. 

          (Liyong Tong 1993) used a particularly convenient coordinate system, a simple and 

exact solution is obtained directly for the Donnell-type governing equations of the free 

vibration of composite laminated conical shells, with orthotropic stretching-bending 

coupling. The solution is in the form of a power series, and its convergence condition is 

investigated.                          

          (Tong 1996) obtained an analytical solution in the form of a power series for the three 

governing equations of free vibrations of axially loaded orthotropic conical shells. Numerical 

results are presented for the frequency parameters and associated circumferential wave 

numbers of axially loaded shells with different geometric and material parameters and under 

two types of boundary conditions. 

          (Korjakin  et al (1998) investigated the damping of free vibrations of laminated 

composite conical shells. Finite element analysis of conical shells is performed by using first-

order shear deformation theory (FOSDT). Based on proposals of other researchers a damping 

model is developed in connection with energy method (EM) and applied in order to calculate 

the modal loss factors of laminated composite conical shells.             

           (Xi et al 1999) investigated the effects of shear non-linearity on free vibration of 

laminated composite shell of revolution using a semi-analytical method based on Reissner-

Mindlin shell theory. The coupling between symmetric and anti-symmetric vibration modes 

of the shell is considered in the shear deformable shell element.    

           (Pinto Correia et al 2001) presented a numerical method for the structural analysis of 

laminated conical shell panels using a quadrilateral isoperimetric finite element based on the 

higher order shear deformation theory. 

           (Werner Hufenbach et al 2002) developed analytical solution for lightweight design 

using dynamically loaded fiber-reinforced composite shells. The analytic results were fully 

corroborated by accompanying FE calculations for special lay-ups. 

            (Lee et al 2002) used the finite element method based on Hellinger-Reissner principle 

with independent strain to analyze the vibration problem of cantilevered twisted plates, 

cylindrical and conical laminated shells. 
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            ( Kabir et al 2003) presented a hitherto unavailable analytical solution to the 

boundary value problem of the free vibration response of shear flexible antisymmetric cross-

ply laminated cylindrical shell, using (FSDT) theory.                                   

           (Young-Shin Lee et al 2003)  investigated the free vibration analysis of a laminated 

composite cylindrical shell with an interior rectangular plate by analytical and experimental 

methods. The frequency equations of vibration of the shell including the plate are formulated 

by using the reacceptance method. 

           (Darvizeh et al 2005) presented a calculation of overall dynamic response of thin 

orthotropic cylindrical shells. Due to the obvious importance of the effects of transverse shear 

deformation and rotary inertia, these terms are included in the analysis. The exact method is 

modified to predict the dynamic behavior of an orthotropic circular cylindrical shell. 

           The (in-plane) fatigue loading of shell of revolution such as cylinder or conical has 

been studied by many researchers. (George J. Simitses & John S. Anastasiadis 1992) 

developed a higher order theory, which includes initial geometric imperfections and 

transverse shear effects for a laminated cylindrical configuration under the actions of lateral 

pressure, axial compression, and eccentrically applied torsion. 

           (Seishi Yamada & Croll 1993) used nonlinear Ritz analysis to investigate the elastic 

(in-plane) loading behavior of pressure loaded cylinders. Careful analysis of the energy 

changes during the loading process allows definition of a reduced stiffness theoretical model. 

           (NG et al 1998) studied the dynamic stability of then, laminated cylindrical shells 

under combined static and periodic axial forces using Love’s classical theory of thin shells. A 

normal-mode expansion of the equations of motion yields a system of Mathien-Hill 

equations. Bolton’s method is then employed to obtain the dynamic instability regions. The 

present study examines the dynamic stability of antisymmetric cross-ply circular, cylindrical 

shells of different lamination schemes. The effect of the magnitude of the axial load on the 

instability regions is also examined.  

           ( NG et al 1998) investigated the parametric resonance of rotating cylindrical shells 

periodic axial loading. The formulation is based on the dynamic version of Connell’s 

equations for thin rotating cylindrical shells. A modified assumed-mode method is used to 

reduce the partial differential equation of motion to a system of coupled second order 

differential equations with periodic collisions of the Mathieu Hill type. The instability regions 

are determined based on the principle of Bolton’s method. Or special interests here are the 

effects of the centrifugal and Carioles forces on the instability regions which were examined 

in detail. 

           (Romil Tanov et al 1999) presented the results obtained while investigating the 

behavior of cylindrical laminated shells under suddenly applied lateral pressure. The 

investigations were based on a finite-element approach using an explicit time integration 

scheme. The Budiansk- Roth and phase- plane criteria were used to assess (in-plane) loading.  

           (Meyers &  Hyer 1999) used results from semi analytical predictions and experiments 

to study the response of composite cylinders with elliptical cross sections loaded axially to a 

significant percentage of their (in-plane) loading load. The semi analytical approach is based 

on the methods of Marguerre, Rayleigh-Ritz, and Kantorovich. 

            (Youngjin Chung (2001) aimed in this study, is to improve the strength of conical 

shells and reduce the weight of the structure. Buckling of composite conical shells subjected 

to combine axial loading, external pressure, and bending is investigated using energy and 

finite element methods. 

             (Andrea Spagnoli 2001) studied the local shell and stringer buckling modes and 

global buckling mode in conical shells under axial compression through a linear eigenvalue 

finite element analysis. In order to examine buckling modes in isolation as well as competing 
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modes together, use is made of different finite element model, including discrete and smeared 

models. 

 

           ( Geier et al 2002) studied the (in-plane) loading load of laminated cylinders which 

strongly depend on the position of the differently oriented layers, his work deals with two 

different laminated orthotropic cylinders with opposite stacking sequence of the laminate 

layers. Analytical and semi analytical method have been used to predict the (in-plane) loading 

loads, the results are compared with those tested. 

          (Hunt et al 2003) presented a hypothesis for prediction of the circumferential wave 

number of (in-plane) loading of thin axially-compressed cylindrical shell, based on the 

addition of a length effect to classical (Koiter circle) critical load result.  

           (Sofiyev 2005) provided an analytical solution for stability behavior of cylindrical 

shell made of compositionally graded ceramic-metal materials under axial compressive loads 

varying as a power function of time. The material properties of compositionally graded shells 

are assumed to vary continuously through the thickness of the shell according to arbitrary 

distribution of the volume fraction of the constituents. The fundamental equations for thin 

shells of compositionally graded ceramic-metal material are obtained Loves shell theory. 

           (Azam Tafreshi 2005) carried out a series of finite element analyses on the 

delaminated composite cylindrical shell subjected to combined axial compression and 

pressure by which the delamination thickness and length, material properties and stacking 

sequence are varied. The characteristics of (in-plane) loading and post (in-plane) loading 

behavior of delaminated composite cylindrical shell are investigated. 

           In present work, a unified third order theory (G.T.T.) to evaluate the performance of 

some displacement based (ESL) theories in natural frequencies and fatigue characteristics in 

laminated composite cylindrical shell.   

 

 EQUATIONS OF MOTION: 

 
                         In present study high-order theory displacement field is: 
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                      Figure (1): Coordinate system and structure of 

                                                             laminated cylinder.  
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          Assuming vanishing transverse shear stress at top and bottom of laminated composite 

layers, and hence transverse strain also vanishes, so: 
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According to Hamilton’s׳ Principles: 
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The resultants forces-displacement components relations are: 
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From the constitutive relations of the kth lamina: 
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And: 

































5

4

5554

4544

5

4









QQ

QQ
                            …………………………………… ……………….(15) 

Substituting the resultants forces in motion-equations and then the assumed displacement 

components according to Navier׳s Solution (Reddy J.N 2004) (for simply supported 

boundary conditions). 

 

  mni

m n

mn

mni

m n

mn

exBtzxv

exAtzxu
































1 1

0

1 1

0

cossin,,,

sincos,,,
 

 

  mni

m n

mn

mni

m n

mn

exDtzx

exCtzxw
































1 1

1

1 1

0

sincos,,,

sinsin,,,  

  mni

m n

mn exEtzx  









1 1

2 cossin,,,  

  mni

m n

mn exFtzx  









1 1

3 sinsin,,,
 

  mni

m n

mn exJtzx  









1 1

3 sinsin,,,
………………………………………………………….…… (16) 

Where α= 








L

m
, β=n 

                          

                   Developing mass matrix and stiffness matrix from solution of homogeneous 

equations, eignvalue equation is derived and the natural frequencies of vibration for simply 

supported cylindrical shell are obtained when solving the later equation: 

     02  AMC  ………………………………………………………………………. (17) 

 

                     The failure of laminates cylindrical shell under in-plane fatigue load is studied 

in this work using G.T.T. theory to calculate the critical (in-plane) fatigue load which cause 

the failure of fiber or matrix of laminate or both of them, and study the effect of this load on 

the natural frequencies of the shell. Using the same Navier׳s solution (putting right side =0) 

for equations ((6)-(12)) and rearranging the obtained matrices we get: 

 

0
3

3

2

1

11121716151413

21222726252423

71727776757473

61626766656463

51525756555453

41424746454443

313237363534

2

33































































 

U

V

W

CCCCCCC

CCCCCCC

CCCCCCC

CCCCCCC

CCCCCCC

CCCCCCC

CCCCCCNC x










………………………………………………… (18) 

 

                          Following the condensation of variables procedure to eliminate the 

displacement components (U,V,φ
1
,φ

2
,ψ

3
,θ

3
), the critical value of (Nx) is obtained. 
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VALIDITY OF THE DEVELOPED EQUATIONS: 

 
            General Third Order Theory (G.T.T.) is employed to investigate its capability level 

for dynamic analysis of the symmetric and non-symmetric cross-ply laminated cylindrical 

shells, and compared with other theories used by other researchers such as HSDT, FSDT, 

CST. 

           The fundamental natural frequency of laminated closed cylindrical shell are listed for 

each (L/mR) ratio (for thin shell R/H=100) in Table (1) and compared with those obtained by 

using CST (but without neglecting (z/R)) in (Mohammad S. Qatu 2004), the results obtained 

by present work give excellent agreement with them, where maximum percentage error is 

(.127%) (error percentage is taken with relative to the reference results).  

            Table (2) lists the natural frequencies for [0-90] graphite/epoxy closed cylindrical 

shell with two different thickness ratio (R/H=20 & R/H=500). As can be seen from this table, 

thicker shells have lower frequency parameter than thinner shells for shorter shells (L/mR=1 

and 2). It is interesting to note that the thickness ratio has minimal effects on natural 

frequencies when n=0 and 1. For n>1, the thickness ratio has a much greater effect. It is also 

observed that the fundamental frequency occurs at lower value for higher thickness ratios.                        

In all calculation the material properties are as follows: 

E1=20E6       E2=E3=1.3E6        G12=G13=1.03E6    G23=.9e6 3.1312        49.23   , 

Frequency parameter=
2

2

100 EH

L 








 . 

           While in Table (3), minimum frequency parameter of laminated cylindrical shell for 

different lamination type are obtained and compared with other shell theories published in 

(Reddy and Liu 1985), a good agreement between results of theory GTT and HSDT, 

maximum relative percentage error is (3.7%), while with FSDT and CST are (3.7%, 17.2%) 

respectively, as presented in the table, also the frequency parameter is increased when 

number of layers is increased. For this results material properties are as follows:   E1=40 Gpa   

E2=E3=1Gpa     G12=G13=.6Gpa     G23=.5Gpa 3.1312        49.23              (L/R) =2   (R/H) 

=5, frequency parameter=
2

2

100 EH

L 








 , percentage (%) in all tables 

= 100*/ sultsrefrenceresultrefrencerekresultspresentwor  . 

           It is interesting to note that for thin shells the relative percentage error between GTT 

and FSDT or CST, is smaller then that for moderately thick shells, as shown in Table (1) (for 

thin shell) and Table (3) (for moderately thick shell), but fortunately GTT made fair with 

most accurate one of HSDT for both thin and moderately thick cylindrical shells. Also, each 

pairs of (m x n) values relates with seven successive bending frequencies by using GTT, and 

the increasing orders of these frequencies, for different combinations of (m, n) values, show 

no systematic trend, as being the case in rectangular plates where the fundamental frequency 

is always associated with the mode indices (1, 1) as being noted in Table (3) where minimum 

frequency parameter is found at indices (m=1, n=2). 

           In-plane load results are compared with that published in (Reddy J. N. and Liu C. F. 

1985) as shown in Table(4), also GTT agree well with HSDT.  Also the effect of (Nx) on the 

natural frequencies of cylinder, when it is compressive load it decreases natural frequency for 

cylindrical shell but when it tension load it increases it as shown in Table (5). 
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Table (1): Frequency parameters for [0-90] graphite/epoxy closed cylindrical 

                    shells, (R/H) =100. 

 
(L/mR) Reference 

Frequency parameter=
2

2

100 EH

L 








  

n 

0 1 2 3 4 5 

2 

 

 

Present 

 

 (Mohamma

d S. Qatu 

2004) 

 

Discrepancy 

(%) 

.35629 

 

.35629 

 

 

 

0 

.239718 

 

.23975 

 

 

 

.013 

.145541 

 

.14556 

 

 

 

.013 

.09647 

 

.09650 

 

 

 

.031 

.070251 

 

.07025 

 

 

 

.001 

.059134 

 

.05915 

 

 

 

.027 

1 Present 

 

(Mohamma

d S. Qatu 

2004) 

 

Discrepancy 

(%) 

.71258 

 

.71259 

 

 

 

.001 

.442059 

 

.44205 

 

 

 

.002 

.291537 

 

.29163 

 

 

 

.031 

.208603 

 

.20869 

 

 

 

.041 

.159365 

 

.15935 

 

 

 

.009 

.129270 

 

.12928 

 

 

 

.007 

.5 Present 

 

(Mohamma

d S. Qatu 

2004) 

 

Discrepancy 

(%) 

.7347119 

 

.73565 

 

 

 

.127 

.637573 

 

.63822 

 

 

 

.101 

.49575 

 

.49616 

 

 

 

.082 

.389404 

 

.38973 

 

 

 

.083 

.316127 

 

.31622 

 

 

 

.029 

.265658 

 

.26575 

 

 

 

.034 
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Table (2): Frequency parameters for [0-90] graphite/epoxy closed cylindrical  

                   shells. 

 
(L/mR) 

Frequency parameter=
2

2

100 EH

L 








  

n 

Reference 0 1 2 3 4 5 

(R/H)=20 

2 

 

 

 

Present 

(Mohammad S. Qatu 

2004) 

 Discrepancy (%) 

 

.35647 

.35629 

 

.05 

.23789 

.24015 

 

.94 

.14591 

.14590 

 

.0068 

.09626 

.09623 

 

.03 

 

.06763 

.06761 

 

.02 

.04991 

.04991 

 

0 

1 Present 

(Mohammad S. Qatu 

2004) 

 Discrepancy (%) 

.71294 

.71258 

 

.05 

.44170 

.44245 

 

.16 

.29620 

.29191 

 

1.4 

.20845 

.20838 

 

.03 

.14758 

.15753 

 

6.3 

 

.12397 

.12393 

 

.03 

.5 Present 

(Mohammad S. Qatu 

2004) 

Discrepancy (%) 

.73177 

.73190 

 

.01 

.63517 

.63517 

 

0 

.49319 

.49310 

 

.01 

.38572 

.38561 

 

.02 

.31010 

.31000 

 

.03 

.25606 

.25597 

 

.03 

(R/H)=500 

2 Present 

(Mohammad S. Qatu 

2004) 

Discrepancy (%) 

.35647 

.35633 

 

.03 

.24025 

.23799 

 

.94 

.14595 

.14609 

 

.09 

.11073 

.11114 

 

.36 

.12298 

.12399 

 

.81 

.16966 

.17190 

 

1.3 

1 Present 

(Mohammad S. Qatu 

2004) 

Discrepancy (%) 

.71294 

.71266 

 

.03 

.44258 

.44283 

 

.05 

.29202 

.29705 

 

1.6 

.22644 

.22751 

 

.47 

.20670 

.20855 

 

.88 

.22753 

.23095 

1.4 

.5 Present 

(Mohammad S. Qatu 

2004) 

Discrepancy (%) 

.77913 

.78908 

 

1.2 

.68365 

.69140 

 

1.1 

.55557 

.56195 

 

1.1 

.47426 

.48080 

 

1.3 

.43687 

.44477 

 

1.7 

.43493 

.44535 

 

2.3 
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Table (3): The effect of lamination type on minimum frequency parameters 

                   (m=1, n=2) of (graphite/epoxy) closed cylindrical shells. 

 
Lamination Theory Frequency 

parameter=
2

2

100 EH

L 








  

Discrepancy 

(%) 

 

(0/90) 

 

Present theory(G.T.T.) .156047 - 

HSDT (Reddy J. N. 

and Liu C. F. 1985) 

 .1566 .35 

FSDT (Reddy J. N. 

and Liu C. F. 1985) 

.1552 .54 

CST (Reddy J. N. and 

Liu C. F. 1985)  

.1630 4.2 

 

(0/90/0) 

Present theory(G.T.T.) .171515 

 

- 

HSDT (Reddy J. N. 

and Liu C. F. 1985)  

.1777 3.4 

FSDT (Reddy J. N. 

and Liu C. F. 1985) 

.1779 3.5 

CST (Reddy J. N. and 

Liu C. F. 1985)  

.2073 17.2 

 
Table (4): The dimensionless critical buckling loads of cross-ply circular  

                    cylindrical shell as predicted by various theories. (m=1, n=3,  

                    L/R=1, R/H=10, N=NL^2/100H^3E2) 

 
Lamination Theory SS Discrepancy  

(%) 

 

 

[0-90] 

HSDT (Reddy J. N. 

and Liu C. F. 1985)  

.1687 3.9 

Present work 

GTT 

.162065  

FSDT  (Reddy J. N. 

and Liu C. F. 1985)  

.1670 2.9 

CST. (Reddy J. N. 

and Liu C. F. 1985)  

.1817 10.8 

 

 

[0-90-0] 

HSDT (Reddy J. N. 

and Liu C. F. 1985) 

.2794 1.7 

Present work 

GTT 

.274399  

FSDT (Reddy J. N. 

and Liu C. F. 1985) 

.2813 2.4 

CST (Reddy J. N. and 

Liu C. F. 1985) 

.4186 34.4 
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Table (5): The effect of the in-plane load (N=NL^2/100H^3E2=.25) on the  

                    dimensionless minimum frequencies of cross-ply closed circular 

                    cylindrical shells. 
2

2

100 EH

L 
 












 

  
Lamination Theory Compressive in-

plane load 

Discrepancy 

(%) 

Tension in-plane 

load 

 

 

[0-90] 

Present work 

(GTT) 

.071682 - .194108 

HSDT (Reddy J. 

N. and Liu C. F. 

1985)  

.0786 8.8 - 

FSDT (Reddy J. 

N. and Liu C. F. 

1985)  

.0761 5.8 - 

CST(Reddy J. N. 

and Liu C. F. 

1985) 

.0932 23.08 - 

 

 

[0-90-0] 

Present work 

(GTT) 

.109846 - .221492 

HSDT (Reddy J. 

N. and Liu C. F. 

1985)  

.1089 .86 - 

FSDT(Reddy J. 

N. and Liu C. F. 

1985) 

.1095 .315 - 

CST(Reddy J. N. 

and Liu C. F. 

1985) 

.1533 28.3 - 

 

 

[0-90-0-90……] 

10 layers 

Present work 

(GTT) 

.14733 - .228323 

HSDT (Reddy J. 

N. and Liu C. F. 

1985)   

.1533 3.8 - 

FSDT (Reddy J. 

N. and Liu C. F. 

1985) 

.1531 3.7 - 

CST(Reddy J. N. 

and Liu C. F. 

1985)  

.1607 8.3 - 
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CONCLUSIONS: 
           In this work General Third order shell Theory (GTT) is developed to derive the 

governing equations for free vibration and obtaining in-plane critical load of simply 

supported cylindrical shells, for first time, and these equations are solved using Navier׳s 

solution. Good agreement between results obtained using GTT in present work with those 

obtained by other researchers using HSDT, FST for analyzing dynamic behavior of laminated 

cylindrical shells (maximum discrepancy with HSDT is 3.7%), however high order theory 

does not require the use of correction factor. Also the effect of the type of this in-plane load 

on the natural frequencies is studied, compressive axial load decrease natural frequencies, 

while tension in-plane load increase them, as proved by many other papers.  
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NOMENCLATURE: 

 
a, b Dimensions of shell. 

Amn, Bmn, Cmn, Dmn, Emn, Fmn, Jmn Arbitrary constants 

{A} Displacement vector 

Cij stiffness matrix elements 

E1, E2, E3 Elastic Modulus components (Gpa) 

G12, G13, G23 Shear modulus components (Gpa) 

H Thickness (mm) 

K Kinetic energy 

L Cylinder length (mm) 

[M] Inertia matrix 

m, n indices 

Ni ,Mi, Pi, Si, Qi, Ki (i=1,2,3,4,5,6) Resultant reactions (N/mm),(N.mm) 

Nx Buckling load (N/mm) 

Qij Elastic stiffness coefficients 

R Cylinder radius (mm) 

U Potential energy (N.m) 

u, v, w, φ1, φ2, ψ1, ψ2, ψ3, θ1, θ2, θ3 Displacement components (mm) 

z Distance from neutral axis (mm) 

ε 1,2,3,4,5,6 Strain components in principle axes direction. 

υ12, υ13, υ23  Poisons ratio components 

ρ Density (Kg/m
3
) 

ω Frequency (rad/s) 

Ω Frequency parameter for cylindrical shell. 

σ1,2,3,4,5,6 Stress components (Mpa), in principle axes 

direction. 

 

ABBRIVATIONS: 
CST Classical shell theory 

CLPT Classical plate theory 

ESL  Equivalent single layer  

FSDT 

HSDT 

First order shear deformation theory High shear 

deformation theory 

GTT  General third order theory 
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ABSTRACT 

The fatigue damage is a dangerous and could be considered as the most unwanted failure in the 

materials that are used to construct the engineering components. As composites take an advanced 

position in the industry of aircraft, marine and many other high performance components, because 

of their high ability and their light weight and for their strength, this forces us to find the 

deformation and data to give a good expectation for the composite behavior under fatigue and other 

types of damage. 

In this study the material used is the glass fiber with a polyester resin; the experiment used a device 

to force the composite to be under a bending fatigue through specified deflection and then the force 

is measured. The results for different values of imposed deflection and different thicknesses are 

presented, as S-N curves and in a logarithmic way. 

Fractography has been used to characterize the fatigue damage in the composite, it is shown that the 

fatigue damage in the composite is a complex, interactive damage process and combines between 

several damage mechanisms such as delamination, fiber breakage, matrix cracking and fiber matrix 

debounding. 

 

 دراسة عملية لخواص الكلال للصفائح المركبة الطباقية
 

 :الخـــــــــــــلاصـــــــــــــــــــة

 انمواد حأخز بیىما. .سغبت الأقم ویعخبش انمواد داخم في ححصم قذ انخي انمیكاویكیت الإضشاس أوواع اخطش انكلال ھو ضشس إن

 ووصوھم انعانیت قذسحھا بسبب الأخشى، الأداء انعانیت انمكوّواث مه عذیذوان انسفه ،اثانطائش صىاعت في مخقذّما موقعا انمشكبت

 والأوواع الإعیاء ححج انمشكبت انمواد نسهوك جیذ حوقعّ إعطاء وانبیاواث انمعهوماث لإیجاد یجبشوا ھزا نیت،اومخاوخھا انع انخفیف

 .انضشس مه الأخشى

 أداة انخجشبت اسخعمهج ھي ساحىج انبونسخش؛ كمصفوفت انمسخخذمت وانمادة انضجاجي انهیف ھي انمسخعمهت انمادّة انذساست، ھزي في

 .محذدة قوة نفشض محذّدة مانتا  خلال مه الإعیاء اوحىاء ححج حكون نكي انمشكبت انمواد لإجباس

 عهي موضوعت كاوج خخهفتم إجھاد أحمال وححج انمخخهفت الأسماك راث انعیىاث مه نعذد انعمهیت انىخائج مه انمخخهفت نهقیم انىخائج إنّ 

 انذوساث عذد مع الإجھاد یمثم بیاوي شكم وضع وحم انحالاث مه حانت نكم انمسهط الإجھاد مع انقوة مه نكم بیاوي مىحىي شكم

 .نوغاسحیمیت محاوس عهي

 انخفصخ قابهیت فقذان و عذّة بیه معقذّة حفاعهیت عمهیت انمشكبت انمواد في الإعیاء ضشس إن إني انخوصم حم ھزا كم خلال مه

(Delamination) وانمصفوفت الأنیاف بیه و انمصفوفاث حصذّع الأنیاف، حكسش مثم ضشس آنیاث. 
 

KEY WORDS: Fatigue, Composite, Delamination, Matrix debounding, S-N curve. 
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INTRODUCTION 

In general fatigue of fiber-reinforced composite materials is a quite complex phenomenon, and a 

large research effort is being spent on it today. Fiber-reinforced composites have a rather good 

rating as regards life time in fatigue. The same does not apply to the number of cycles to initial 

damage nor to the evolution of damage. Composite materials are inhomogeneous and anisotropic, 

and their behavior style is more complicated than that of homogeneous and isotropic materials such 

as metals. The main reasons for this are the different types of damage that can occur (e.g. fiber 

fracture, matrix cracking, matrix crazing, fiber buckling, fiber-matrix interface failure, 

delaminations,...etc), their interactions and their different growth rates. 

The fatigue models can be classified in three major categories: 

1. Fatigue life models , which do not take into account the actual degradation mechanisms but use 

S-N curves (influence of stress amplitude on occurrence of final failure )or Goodman –type 22 

diagram (influence of mean stress level) and introduce some sort of fatigue failure criterion. 

2. Residual strength models, which describe the degradation in the initial static strength, equally 

without taking into account stiffness reduction. 

3. The last category uses one or more damage variables related to measurable manifestation of 

damage (number of transverse matrix cracks, delamination size) or to the residual stiffness. 

Phenomenological residual stiffness model which predicts the stiffness degradation as well as final 

failure of the composite component was presented by [Paepegem  2001], the reserve to failure has 

been evaluated by means of modified use of Tsai-Wu static failure criterion. The fatigue damage 

model has been applied to displacement-controlled bending fatigue experiment of plain woven 

glass/epoxy specimens, the damage and stress redistribution, as well as the force- cycle history 

have been simulated and compared to experimental result. 

[Liu 2004] proposed a damage cumulative model for fatigue life predication of composite 

laminates, it is constructed on the ply level and uses a multiaxial damage index to quantify the 

damage caused by different stress components .[Daneila 2007] developed a model for damage 

progress to fatigue failure in cyclic loaded woven composite materials with polymer, the relative 

stiffness is changed per cyclic loading at given stress or strain level. 

The correlation between the stiffness degradation rate and the loading parameter is described as 

power function dependence; this model divides the S-N curve of the fiber reinforced polymer 

composite into three regions, the first region approaches a nearly horizontal line where the number 

of cycles to failure depends more on statistical strength distribution than the stress level, the second 

region is more classical fatigue behavior where the S-N correlation can be describe as a power low 

function and the third region suggest a fatigue limit where an infinite lifetime is found below a 

given stress or strain level –the fatigue strength. 

[Diawekar  2002] produced an analytical model supported by numerical simulation which describes 

the behavior of the energy release of composite materials subjected to the fatigue, this model 

established that accumulation of damage due to intermittent surge in applied load reduces the 

energy release rate ((G)) of the material . The effect of constant amplitude, regularly applied 

overloads to the energy release rate of [0/90]n graphite/epoxy composite appears diminished as the 

structural integrity reduces over time suggesting the effect of the overloads is more severe during 

the initiation of delamination growth, their investigation shed light on the nature and extent of 

damage accumulation during spectral fatigue. 

They established that the energy release rate reduces as the delamination length increases, 

indicating that during growth a delamination requires smaller amounts of energy in order to 

progress. 

[Mohamed 1997] built a model for predication the behavior of laminates composite under fatigue 

loading this model uses a technique called progressive fatigue damage modeling which is capable 

of predicating the residual strength ,residual stiffness, and fatigue life of composite laminate. 
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The stress analysis, failure analysis and material property are the three major components of the 

model for the stress analysis. There is a finite element technique proposed, it is based on the state of 

stress of different failure modes detected by a set of fatigue failure criteria. This technique restricts 

the application of failure criteria to limited states of stresses. 

The model determines the state of damage at any load level and number of cycles from failure 

initiation and propagation to catastrophic failure. The model is able to predict the residual strength 

residual life, final failure mechanisms and final fatigue life of composite laminate under general 

fatigue loading condition. 

[Miyano 1997] proposed a prediction method of fatigue strength of polymer composites for an 

arbitrary frequency, stress ratio and temperature. This method is based upon the four hypotheses (i) 

same failure mechanism for static, creep and fatigue failure,(ii)same time-temperature 

superposition principle for all failure strengths ,(iii) linear cumulative damage law for monotone 

loading and(vi) linear dependence of fatigue strength upon stress ratio. J Lee W et. al [Lee 1989] 

proposed a model for predicting fatigue life of cross-ply laminates which develop transverse 

cracking up to the characteristic damage state (CDS) level before fatigue failure. The fatigue life 

consists of two portions: the portion necessary to reach the CDS and the residual life after 

attainment of the CDS. The CDS life is described based on the relationship between residual 

stiffness and crack density and the stress-life curve of the 900 lamina. The residual life after CDS 

was obtained by calculating the stress carried by the 0 plies and assuming that these plies within the 

damaged laminate behave like a 900 lamina under cyclic loading. 

Fatigue life predictions were in good agreement with experimental results for three graphite/epoxy 

cross-ply laminates. 

[Hwang 1985] and [Han 1985] built damage models using fatigue modulus and resultant strain, and 

prediction of fatigue life of composite materials using degradation and damage models, this 

approach can predict accurately the multi-stress level fatigue life as well as single-stress level 

fatigue life of composite materials. 

Fatigue life is predicted by the following procedures: 

 (1) Establish the fatigue modulus degradation model [Mahmood 2007]. 

 (2) Find fatigue life equation as a function of fatigue modulus. 

 (3) calculate the fatigue life using strain failure criterion, degradation models for composite 

damage are generalized; the three-parameter degradation model is found most suitable for 

predicting fatigue life of composites.  

Theoretical equation for predicting fatigue life is formulated using the fatigue modulus and its 

degradation rate, this relation is simplified by strain failure criterion for the practical application, it 

is proved that the final formula predicts the fatigue life of a glass fiber epoxy composite material 

better than S-N curve. "Fatigue modulus concept" is defined as a slope of applied stress and 

resultant strain at a specific cycle. 

Fatigue modulus degradation is studied using an assumption that the fatigue modulus degradation 

rate follows a power function of fatigue cycle. 

[Mahmood 2007] presented a simulation process by which the cyclic stresses and fatigue loadings 

on its constituents could be predicted for an under fatigue loading lamina model introduces a new 

coupled stiffness/strength technique by relating lamina stiffness to the stress field in its 

constituents. Therefore, the stress field and strength considerations in its constituents could be 

studied when the lamina stiffness is determined by a non-destructive process. For representing a 

complete description of the constituents’ properties and their interactions, the effect of fiber/matrix 

interface debonding is introduced into the model. 
 

PREPERATION OF MAKING THE SPACIEMEN 

The specimens which fabricated consisted of plain E-glass woven fiber piles in a thermosetting 

polyester matrix They were manufactured by hand lay-up technique, the thickness of the glass 
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fabrics was approximately (4.6, 3.75 and 2.5 mm) with a 400g/m2 density and a warp number 3 per 

10 mm. 

The resin matrix employed was a low viscosity thermosetting polyester resin commonly used for 

hand lay-up at room temperature. This resin is cured at 70°C and is designed to wet easily the 

reinforcement fabrics employed in hand lay-up construction. 

Fabrication of laminates was conducted by first cutting four 15cmx15 cm sections, and each section 

was ply oriented in the same direction as the previous ply . The fabrics were placed in a mold 

consisting of 30 cm x 30 cm ceramic plates with two X-ray photo sheets to avoid abrasive and 

insure flattening of specimen surfaces. As shown Fig. 1. 

 
 

 
 

Figure.(1) Schematic of mold of test specimen 

 

The X-ray photo sheet, which was first placed on the bottom ceramic plate, was wet with the 

catalyzed polyester resin before the first ply was placed on it. More catalyzed resin was applied to 

this first ply with brush until it was thoroughly wet. Following this, the remaining plies were placed 

in the mold following the same sequence. Once all the plies were placed on top of the stack, the 

assembly was heated to 70°C in an oven with sufficient pressure to get rid of the excess resin and 

the entrapped air bubbles. The cure time was 3 hours to ensure complete cross-linking. The volume 

fraction was determined to be 0.56 for the glass fiber composites (based on weighing of the fabric 

before impregnation, and the laminate after curing and using the weight density of the fibers and 

the resin)[ Ali Al-Hilli 2006]. 

The samples were cut into a 20 mm wide and a 150 mm long in rectangular shape using a steel saw 

and then finished by abrasive grinding of the edges.  
 

EXPERIMENTAL ARRANGEMENT AND PROCEDURE FOR THE FATIGUETEST 

The experiments were carried out using a HSM20 alternating bending machine{Fig. 2} which was 

developed specially for flexural fatigue test on cantilever beam specimens and {Fig. 3}. 

The device was modified by adding a new clamping device which consists of a metal shoulder 

which has two holes for a 8 mm bolt which connects the shoulder to the bridge of the machine so it 

is firmly connected to the bridge, a metal plate with 6 hexagonal bolts of 8 mm diameter is 

connected to the shoulder and produces the clamping device in which the rotating faceplate carries 

an adjustable eccentric bearing driving a connecting rod attached to the cantilever, shown in Fig. 4. 

The bridge to which this test piece is clamped can be adjusted vertically so that the imposed 

displacement can be varied, shown in Fig. 5. A counter with a 50:1 reduction gear is driven by the 

electric motor, offering a 1:100 or 1:25 count depending on the frequency of the reciprocation. 

This mechanism imposes an alternating displacement on the hinge (point C ) Fig.6 ,that connects 

the linkage with the lower clamp of the composite specimen ,at the other end the specimen is 

clamped ,hence the sample is loaded as a composite cantilever beam, the amplitude of the imposed 

displacement is a controllable parameter and the adjustable crank allows to choose between single-

side and fully-reversed bending ,i.e. the deflection can vary from zero to the maximum deflection in 

one direction or in two directions respectively. 
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Figure (2) HSM20 alternating bending fatigue machine 

 

 

Figure (3) Composite specimen, 20mm wide and 150mm long dimension 

. 

  
 

Figure (4) Rotating faceplate carries an adjustable eccentric 

bearing driving a connecting rod attached to the cantilever 

 

 

Figure (5) The shoulder connected to the bridge 

 

 

  
 

 

Figure (6) Schematic drawing of the crank-linkage mechanism. 

 

 

Figure (7) Strain meter 

 

 

 

Figure (8) Schematic drawing of the crank-linkage mechanism 

howing 

 

Figure (9). The complete device consisting of the strain meter and the 

fatigue machine 
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The connecting rod was molded from aluminum, the connecting rod contains a narrow region in 

which a strain gauge is connected, The strain gauge is used to measure any strain that affects the 

connecting rod this, strain is a result of the force which has effect on the specimen. The relation of 

the force and the strain gauge is calculated from a previous calibration, this calibration was made 

by putting the connecting rod under a known force and the strain of the force was measured using 

the strain meter shown in Fig. 7 from which a calibration curve was made, the calibration was 

remade at every beginning of the experiments. 

When the experiment started the force which has effect on the specimens is taken to be the first 

point at which the number of cycles is zero the strain reading was taken when the connecting rod 

reached the lower point in which the maximum displacement is implied and it is the maximum 

force effecting the specimens, as number of cycles increased many reading were taken each reading 

present the maximum force affect the specimens. Fig. 6 a schematic drawing of the crank-linkage 

mechanism and it shows the machine before any movement and the displacement imposed is zero 

in this position while in Fig. 8 the machine is at lower point and the imposed deflection is 

maximum, the other Figures show the machine parts and the satin meter and the clamp, the 

machine at lower point and the imposed deflection is maximum. 

The complete system of the experiments is shown in Fig. 9. 
 

RESULTS 

It was well established that the composite materials are significantly different from their metal 

counterpart in manner in which fatigue fracture initiates and develops during the load cycling, It 

must be deal with a number of considerations which are unique to composite materials where only 

one or two fatigue damage characterization technique may be sufficient to completely characterize 

the damage in metals. 

The unique phenomena by which the damage occurs in composite necessitate the use of several 

damage characterization techniques to understand the damage mechanism in the composite 

material. 

The specific elements that need to be carefully examined are: 

1. The typical failure modes. 

2. The interplay of various failure modes. 

3. Initiation and producing mechanism during various stages of fatigue life. 

The following presentation of results of the present study and ensuing discussion is an effort to add 

on the existing knowledge of the fiber reinforced composites 

The S-N curves are the most important method for the presentation of the fatigue effect on any kind 

of material whether is metal or it is made from the composite materials, in the Figures below the 

relation between the stress and the number of cycles is presented, these Figures are for different 

values of stress for a different thicknesses of composite specimens. 

Fig. 10 gives the relation between the stress and number of cycles for the 10 layer composite with 

thickness 4.6 mm under a deflection of 15 mm, the initial stress is equal to (1435.2) N/mm2 and it 

final failure is at (600123) cycle in which the stress indicated is to be equal to (184) N/mm2, there 

is another way for presentation of the stress versus number of relation in fatigue, this method uses a 

logarithmic relation in which both the stress and number of cycles are transferred into the 

logarithms with the passes 10, in Fig. 11, the relation between stress and number of cycles for the 

10 layer composite with thickness of 4.6 mm under a deflection of 15 mm is presented in the 

logarithmic way. 

The stress decreases during the test in different percentages as it decreases rapidly during the first 

two thousand cycles and this is first region in which the fatigue life initiates the first damages, most 

of these damages are a transverse crack that takes place in the composite structure, as cycles 

increase the decrease in the stress takes new pattern and the decrease is less sharp than the first two 
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thousand, and starts to take a linear decreasing and could be seen as a slope between two points 

these two points start around the 80 thousand cycles to the 300 thousand cycles. 

After that the decrease returns to be a rapid drop in the value, to the final failure at the end of the 

600000 cycles, this behavior can be explained as that the damage in the first few thousand cycles 

was because of the transverse crack and then it starts to grow in the composite and starts to produce 

the fiber matrix debonding, and then a delamination area which is noticeable and after that a final 

failure or breakage of fiber happens. 

 

 
 

Figure(10). The relation between stress and number of cycles for 

the 10 layer 4.6 mm thick composite specimens under a deflection 

of 15mm.  
 

 
 

Figure (11) The relation between stress and number of cycles for 

the 10 layer composite with thickness 4.6 mm under a deflection of 

15 mm is presented in the logarithmic way. 

 

 
 

Figure (12).The relation between stress and number of cycles for the 

10 layer 4.6 mm thick composite specimens under a deflection of 

10mm. 

 

 
 

 

Figure (13).The relation between stress and number of cycles for the 

10 layer 4.6 mm thick composite specimens under a deflection of 

5mm.  
 

 
Figure (14). The relation between stress and number of cycles for 

the 10 layer composite with thickness 4.6 mm under a deflection of 

10 mm is presented in the logarithmic way. 

 
Figure (15). The relation between stress and number of cycles for 

the 10 layer composite with thickness 4.6 mm under a deflection of 

5 mm is presented in the logarithmic way. 
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The modulus of elasticity is affected by the damage inside the composite material and this is 

because the modulus depends on the microstructure of the composite and as damage takes place in 

composite it affects the property of the composite, in the start the modulus which 

calculated from the material during the fatigue experiments was equal to 21.36 which had a 0.6 

percentage of error for the value calculated from tensile tests, this number drops to the half after 

340000 cycle and it ends at 2.7 in the final failure of the specimen. 

Fig. 12 and Fig. 13 gives the relation of stress and number of cycles for the 10 layer with 4.6mm 

thickness composite materials under 10mm and 5mm deflection respectively ,also the relation in 

logarithmic way is also presented in the Fig. 14 and Fig. 15 respectively. 

 

 
 

 
 

Figure (16).The relation between stress and number of cycles for 

the 8 layer 3.75 mm thick composite specimens under a deflection 

of 15mm. 

 

 
 

Figure (17).The relation between stress and number of cycles for 

the 8 layer 3.75 mm thick composite specimens under a deflection 

of 10mm. 

 

 
 

Figure (18).The relation between stress and number of cycles for 

8 layer 3.75 mm thickness under 5 mm deflection. 

 

 
 

Figure (19).The relation between stress and number of cycles for 

the 8 layer composite with thickness 3.75 mm under a deflection 

of 15 mm is presented in the logarithmic way. 

 
 

Figure (20).The relation between stress and number of cycles for 

the 8 layer composite with thickness 3.75 mm under a deflection 

of 10 mm is presented in the logarithmic way. 

 

 
 

Figure (21).The relation between stress and number of cycles for 

the 8 layer composite with thickness 3.75 mm under a deflection 

of 5 mm is presented in the logarithmic way. 
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Figure (22)The relation between stress and number of cycles for 6 

layer 2.5 mm thickness under 15 mm deflection. 

 

 
Figure (23) The relation between stress and number of cycles for 

the 6 layer composite with thickness 2.5 mm under a deflection of 

15 mm is presented in the logarithmic way. 

 

The relation between stress and number of cycles is shown here for the composite material of 8 

layer and 3.75 mm thickness in the first one {Fig. 16}, the deflection is equal to 15 mm and in the 

second {Fig.17} it is 10mm while the third it is 5 mm {Fig.18} .Also the relation between stress 

and number of cycles is presented in logarithmic method in Fig. 19, Fig. 20, and Fig. 21, for 8 layer 

with 3.75mm thickness composite specimen for deflection of 15mm,10mm , and 5 mm 

respectively. For the specimens of 6 layer with a 2.5mm thickness under deflection 15 mm, stress 

relation with number of cycles is shown in Fig. 22 and in Fig.23 but in logarithmic relation. 

Equations were found for each of the Figures that show the relation between the stress and the 

number of cycles for the different thicknesses and different deflections as a polynomial equation 

with the 3rd degree, this is useful to fit all the data granted during experiments, the equation 

expression form is : 

 
= a+ b n + c n

2 
+ d n

3
                                                                                              (1) 

 

Table 1 shows these coefficients for conditions used in the present work, in which higher order 

coefficients (c and d) have negligible values hence linear behavior is dominant.  
 

Table (1). Polynomial coefficients for equation (1)  
 

Thickness 

(mm) 

Deflection 

(mm) 

a b 

(10
-3

) 

c 

(10
-9

) 

d 

(10
-15

) 

4.6 15 1233.53 -2.72876 5.34 -6.54 

4.6 10 553.76 -1.51825 6.85 -12.92 

4.6 5 136.24 0.140561 -0.87 0.73 

3.75 15 1285.43 -1.20413 1.01 -6.21 

3.75 10 573.92 -1.48141 9.09 -20.85 

3.75 5 138.51 0.119892 -0.73 0.67 

2.5 15 1217.27 -3.73584 20.09 -40.21 
 

Fig. 24 shows the load versus the number of cycles. The initial load for the 4.6mm thickness 

specimen starts with 156 N and it decreases to reach 20 N at the end, the first 10000 cycles show a 

raped decrease in the load needed to produce deflection and reaches to about 136 N, this decrease is 

about 13% of the initial loading, and as it reach the first 100000 cycles the load equal to 105 N and 

it equal to 32% from initial load, and as the cycles continue and the time go on the load reaches a 

50% of the initial load at 3.4*10
5
 cycles, but before that we notice that the decrease below the 10

5
 

cycles is very limited and it is a small percentage of decrease , in comparison to the first 10
4
 cycle, 

after the 4*10
4
 cycles the load decreases and reaches the failure position at around 600000. 

While the decrease in the 8 layer 3.75 mm thickness specimens starts from 84.5 N and reach the 

72.8 N which is equal to a 14% of the initial load and reaches to 75% of the initial load at 135000 
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cycles and reaches 50% at about 3*10
5
 cycle when it reaches the 3*10

5
 cycle a rapid decrease was 

shown and a final failure occurs . 

The third thickness is equal to 2.5 mm which comes from 6 layer of fiber glass yarns as in previous 

curves it decrease at a fast rate and reaches to a position in which the decrease to the final failure in 

a study range that starts from the 1.6*10
4
 cycle to the end and the final failure. 

The relations between the load and number of cycles and the stress versus number of cycles for the 

10 layer 4.6 mm thickness composite subjected to 15mm,10mm, and 5mm deflection are shown in 

Fig.25 and Fig.26 respectively. 

The relations between the load and number of cycles and the stress versus number of cycles for the 

8 layer 3.75 mm thickness composite subjected to 15mm,10mm, and 5mm deflection are shown in 

Fig. 27 and Fig. 28 respectively. 
 

 

 
 

Figure (24) The relation between 3 different thicknesses of 

composite they are, 4,6mm ,3.75mm, and 2.5 mm under 15 mm 

deflection. 

 

 
 

Figure (25).The relation between load and number of cycles for 

the 10 layer 4.6 mm thickness composite subjected to 15 

mm,10mm, and 5mm deflection. 

 

 
 

Figure(26).The relation between the stress and number of cycles 

for the 10 layer 4.6 mm thickness composite subjected to 15 

mm,10mm, and 5mm deflections. 

 
 

Figure(27).The relation between the stress and number of cycles 

for the 8 layer 3.75 mm thickness composite subjected to 15 

mm,10mm, and 5mm deflections. 

 

 
 

Figure(28).The relation between the stress and number of cycles 

for the 8 layer 3.75 mm thickness composite subjected to 15 

mm,10mm, and 5mm deflections. 

 

 
 

Figure(29).The relation between the deflection and load at various 

number of cycles of 10layer 4.6 mm thickness specimens. 
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Figure(30).The relation between the deflection and load at various 

number of cycles of 8layer, 3.75 mm thickness specimens. 

 
 

Figure(31).The relation between the deflection and load at various 

number of cycles for 10 layer, 4.6mmthikness and the 8layer, 3.75 

mm thickness specimens after 1000 cycles. 

 

 
Figure(32).The relation between the deflection and load at various 

number of cycles for 10 layer, 4.6mmthikness and the 8layer, 3.75 

mm thickness specimens after 10000 cycles. 

 

 
Figure(33).The relation between the deflection and load at various 

number of cycles for 10 layer, 4.6mmthikness and the 8layer, 3.75 

mm thickness specimens after 100000 cycles. 

 

 
Figure(34).The relation between the deflection and load at various 

number of cycles for 10 layer, 4.6mmthikness and the 8layer, 3.75 

mm thickness specimens after 200000 cycles.  

 

 
Figure(35).The relation between the deflection and load at various 

number of cycles for 10 layer, 4.6mmthikness and the 8layer, 3.75 

mm thickness specimens after 300000 cycles. 

 

 

 Figure(36).The relation between the deflection and load at various 

number of cycles for 10 layer, 4.6mmthikness and the 8layer, 3.75 mm 

thickness specimens after 450000 cycles. 
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In Fig. 29 and Fig. 30 the load against the deflection as the x-axis shows the difference between 

different values and curves for different numbers of cycles which show how number of cycles 

affect the load and its values during the tests, the first Fig. is to 10 layer 4.6 mm thickness 

composite under different deflections at various selected numbers of cycles and the second is for 

the 8 layer 3.75 mm thickness specimens under the same conditions. 

As it seen from the Fig. 29 and Fig. 30, the initial values are in a linear increase to reach top value 

at the maximum deflection and from there as the test progress and the cycles increase the load for 

the lest deflection decreases at a study rate to reach failure point but for maximum deflection the 

decrease is concentrated in the first hundred thousand of fatigue and then it slows to decreasing rate 

and at the end the rate increase to reach it failure value. 

In Fig. 31, Fig. 32, Fig. 33, Fig. 34, Fig. 35, and Fig.36 represent the relation between the load and 

deflection for two different thicknesses under three different deflections for different points of the 

number of cycles. 

As it is seen from the Fig. 32 to Fig. 36 the difference between the two curves increases as the load 

required deflection increases and as the experiment moves on the difference for the small deflection 

stays the same, but this thing doesn’t apply to the other two points where the difference decreases 

as the cycles increase. 
 

Damage Characterization through Optical Microscopy 

The specimens were polished and viewed under the light microscope at different magnification 

ranges. 

It can be clearly seen that the composite have a very complex structure because of the use of the 

fabric instead of the use of fiber in the composite fatigue. 

The inter woven nature of the fabric provides some extra components of stress because of the 

presence of the extra weft fiber in the transverse direction .The micrographics shown provides a 

summary of events taking place in a variety of computations, the revels matrix cracking, 

delamination ,splitting of fiber and matrix, and breaking of fiber bundle. In Fig. 37 a micrographics 

of the composite specimen shows the nature of the composite and its fiber arrangement in the site 

of the composite. 

The transverse cracks that take place in the fiber matrix interface are shown in Fig. 38 where also it 

shows the matrix cracks which result from the tensile stress at the top of the specimen. 

In Fig. 39 the fiber matrix debonding is seen along the edge of the fiber, this is because of the 

complex nature of the normal stresses then cracks move in almost a perpendicular way to the 0o 

fiber on the other side in a 90
o
 to the fiber direction, leading to break the interface inside the 

composite and inside the layer. 

Fig.40 shows the fiber is being pulled out from the matrix, complete failure of the specimen is 

shown in Fig. 41 where the delamination and total splitting are present, for a more clear view of the 

delamination and fiber fracture and the fiber matrix debonding, see Fig. (42), which is for the 

scanning electron fractography [Zham 2002]. 
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Figure (37). Micrographics for composite material shows it fiber  

arrangement. 

 

Figure (38) The transverse cracks in the composite specimen 

 

 

 
 

 
Figure (39) The fiber matrix debonding. Figure (40) Fiber is being pulled out from the matrix. 

  
 

Figure(41) Scanning electron fractograph showing damage events in 

thecomposite[Zham 2002]. 

 

Figure (42) The fiber matrix debonding [Zham 2002]. 

 

 

CONCLUSIONS 

The main conclusions drown from this work are listed below: 

 The delamination was found to be the major damage mode in the glass fiber reinforced 

composite while the matrix cracking plays a secondary role as it is the key for the delamination. 

 The fatigue damage mostly starts with transverse crack and it leads to the other type of damage 

such as fiber fracture, fiber matrix debonding and delamination. 

 The fatigue life is effected by both the thickness of the specimens and the load value, and it has a 

significant behavior that could be divided to three major regions the first is with a very fast drop 

in the strength and this drop depends on the load factor and the thicknesses, and a second region 
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that could be considered is the face where the crack propagation takes place till it reaches the 

limit in which the composite drops rapidly and goes to the final failure. 
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ABSTRACT 
An experimental and numerical study has been carried out to investigate the 

heat transfer by natural convection in air-filled annulus between two horizontal 

isothermal concentric cylinders with and without annular fins under steady state 

conditions; the inner cylinder surface is maintained at a higher temperature and the 

outer cylinder surface at a lower one. 

In the experimental study, the annulus inner surface is maintained at high 

temperature by applying uniform heat flux to the inner cylinder while the annulus 

outer surface is subjected to ambient temperature and maintained at low temperature. 

The experiments were curried out at a range of Rayleigh number (1.81×10
3
 – 

4.03×10
4
) for case without fins and (1.08×10

3
 – 2.94×10

4
) for case with fins, at 

different diameter ratios (η = 2.0, 2.6 and 3.0). The results showed that: (1) increasing 

the diameter ratio(η) strongly increases the heat transfer rate, (2) increasing Rayleigh 

number increases the heat transfer rate for any η and (3) attaching annular fins to the 

inner cylinder surface of (No. of fins/cm) of 1.25 and (fin height/gap width) of 0.143, 

0.186 and 0.286 reduced the mean Nusselt number ( Nu ) within (16.3 - 29.7) percent 

of that for the case without fins at the same Rayleigh number. In the numerical study, 

only the case without fins was investigated. The buoyancy driven fluid flow resulting 

from the temperature difference between the cylinders, is assumed to be steady, 

laminar, two dimensional and symmetric about the vertical center-line. Only half of 

the domain needs to be modeled from symmetry considerations. Navier-Stokes and 

energy equations are expressed in vorticity-stream function form and discretized via 

finite difference method. The Rayleigh number (based on gap width) varied from l0
2
 

to l0
5
 with the influence of diameter ratio obtained near a Rayleigh number of 10

4
. 

Results for the local and mean Nusselt number, the contour maps of the streamlines 

and isotherms are presented, to show some of the flow and heat transfer 

characteristics. The results numerically obtained showed a good agreement with the 

present experimental data. 
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 انخلاصة
دساسحْػًهُحْوَظشَحْلاسرمصاءْاَرمالْانذشاسجْتانذًمْانطثُؼٍْخلالْفجىجْدهمُحْيًهؤجْهىاءْذمغْْأجُشَدْ 

تٍُْاسطىاَرٍُْأفمُرٍُْيرذذذٍْانًشكضْتثثىخْدسجحْدشاسجْانسطذٍُْانذاخهٍْوْانخاسجٍْنهفجىجْوْتىجىدْوْ

الاسطىاَحْانذاخهُحْراخْدسجحْدشاسجْأػهًْْػذوْوجىدْصػاَفْدهمُح،ْذذدْششوغْدانحْالاسرمشاس،ْوأٌْذكىٌ

ْ.يٍْانخاسجُح

دفعْانسطخْانذاخهٍْنهفجىجْتذسجحْدشاسجْأػهًْػٍْغشَكْذسهُػْفُطْدشاسٌْيُرظىْ فٍْانذساسحْانؼًهُحْذى

ْترؼشَطْ ْألم ْدشاسج ْتذسجح ْنهفجىج ْانخاسجٍ ْانسطخ ْدفع ْفًُا ْانذاخهُح ْنلاسطىاَح ْانذاخهٍ ْانسطخ ػهً

10×1.81)أجشَدْانرجاسبْظًٍْيذيْنؼذدْسانٍْذشاوحْتٍُْ.ْنجىانًْدسجحْدشاسجْاالاسطىاَحْانخاسجُحْ
3
 – 

4.03×10
4
ْوْ ( ْصػاَف، ْتذوٌ 10×1.08)نهذانح

3
 – 2.94×10

4
َْسثحْْ ( ْػُذ ْصػاَف،و ْتىجىد نهذانح

ْتٍُْ (.(3.0 , 2.6 ,2.0ألطاس ْانذشاسج ْاَرمال ْيؼذل ْيٍ ْذضَذ ْالالطاس َْسثح ْصَادج ْتاٌ ْانُرائج أظهشخ

ْانضَادجْفٍْػذدْسانٍْذؤدٌْانًْصَادجْيؼذلْاَرمالْانذشاسجْلاٌَْسثحْألطاس،ْوْإٌْاظافحْالاسط ٌَّ ىاَرٍُ،ْكزنكْإ

ْ ْذكًُهٍْتًؼذل ْتشكم ْانذاخهُح ْانًْالاسطىاَح 1.25ْْصػاَفْدهمُح ْتُسثح ْو ْوادذ ْسُرًرش ْنكم اسذفاعْ)صػُفح

ْ (%29.7 - %16.3)انًؼذلْتذىانٍَْْمهمْيٍْسلىَْسهدْْ 0.286 , 0.186 ,0.143(ْسًكْانفجىج/ْانضػُفح

ذُاوندْانذساسحْانُظشَحْدمْيسأنحْاَرمالْانذشاسجْتانذًمْانذشْ.ْيماسَحْتانذانحْتذوٌْصػاَفْوْنشلىْسانٍَْفسه

ْافرشاضْجشَاٌْانًائغْانُاشٍءْػٍْلىيْانطفىْوْ ْذى ْإر ْتذوٌْصػاَفْفمػْ، ْأفمُحْوْنهذانح ْدهمُح خلالْفجىج

ْدشا ْدسجح ْفٍ ْنهفاسق ْانخػَْرُجح ْدىل ْيرُاظش ْو ْانثؼذ ْثُائٍ ،ْ ْغثالٍ ْيسرمش، ْجشَاٌ ْهى ْالاسطىاَرٍُ، سج

.ْوَْرُجحْلاػرثاساخْانرُاظشْفمػَْصفْوادذْيٍَْصفٍْانفجىجْأخعغْنهذساسح.ْانًسرمُىْانشالىنٍْانًاسْتانًشكض

َْافُش ْيؼذلاخ ْذًثُم ْانذوايُح-ذى ْتصُغح ْانطالح ْيؼادنح ْانً ْتالاظافح ْوْ-سرىكس ْانجشَاٌ ْفكُدْْدانح ْثى يٍ

وْلذْذىْانذصىلْػهًَْرائجْيُثهدْتًخططاخْدانحْانجشَاٌْوخطىغْذساوٌْ.ْتاسرخذاوْغشَمحْانفشولاخْانًذذدج

10خلالْانفجىجْولأػذادْسانٍْذرشاوحْتٍُْْوْانًؼذلْدسجحْانذشاسج،ْوذىصَغْػذدَْسهدْانًىظؼٍ
2

10انًْ
5

وْْ

سلىْسانٍْوَْسثحْ)انُرائجْانرأثُشْانًهىْنهًرغُشاختُُدْ.ْْ((3.0 , 2.6 ,2.0َسةْلطشْخاسجٍْإنًْلطشْداخهٍ

ْيغْانُرائجْْوْلذْػهًْػًهُحْاَرمالْانذشاسجْخلالْانفجىج(الالطاس أظهشخْانُرائجْانًسرذصهحْػذدَاًْذىافماًْجُذاً

ْ.انؼًهُح

 

KEYWORDS: Free Convection, Fins, Laminar, Horizontal Annulus.  

 

INTRODUCTION  

Natural convection in the annulus between two horizontal concentric cylinders 

has been investigated widely in the past owing to a number of practical applications 

associated with this geometry such as heat transfer and fluid flow in parabolic 

cylindrical solar collector, under-ground electrical transmission lines and pressurized 

water reactors. Kuhen and Goldstein [1] carried out an experimental and numerical 

investigation of natural convection heat transfer for air and water in concentric 

horizontal annuli for values of Rayleigh number up to 10
7
. Their work was carried out 

for a diameter ratio equal to 2.6. In their experimental study, it was reported that the 

transition from laminar to turbulent flow occurs at Rayleigh number equal to 10
6
. 

Later, Hessami et al. [2] studied experimentally the free convection in a horizontal 

annulus with a large diameter ratio of (11.4). The test fluids were air, glycerin and 

mercury. This study was unique as they clamed because there are no experimental 

details in the literature for η > 8.1. In addition, no experimental data exist for 

mercury. Recently Nada [3] conducted an experimental study of natural convection 

in horizontal and inclined annuli at Rayleigh number of (5×10
4
≤RaDi≤5×10

5
) for 

different diameter ratios (η=1.85, 2.5 and 3.85) and different inclination angle of the 

annulus (φ = 0˚, 30˚ and 60˚). The results showed that increasing the annulus gap 

width strongly increases the heat transfer rate and the heat transfer rate slightly 

decreases with increasing the inclination of the annulus from the horizontal. Also, 

several numerical investigations of laminar natural convection in a concentric 

horizontal annulus have been conducted [4–6]. In these previous works, maximum 

transition time to attain steady state in underground electrical transmission lines, the 
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effects of variable properties on the laminar natural convection of gases in horizontal 

isothermal annulus and the effect of application constant heat flux on the inner 

cylinder as compared to an isothermal inner cylinder were studied. 

 An essential restriction in natural convection in annulus is the heat transfer 

limitation due to the fixed area of the inner and outer cylinders. One approach 

affecting heat transfer rate in annulus is to equip the surface of the inner cylinder with 

some annular fins. From a practical point of view, the existence of such fins is of 

interest due to the possibility of heat transfer augmentation in such geometry; but also 

heat transfer reduction is expected since existence of fins will resist the natural 

circulation inside the annulus. Patankar and Chai [7] studied the flow and heat 

transfer for an annulus with six radial fins attached to inner cylinder at (Ra ≤ 10
6
); for 

two different orientations; the first is when two fins of the six are vertical and the 

second is when two fins are horizontal. They observed that the orientation of the fins 

has no significant effect on mean Nusselt number prediction, while the blockage due 

to the presence of fins has a significant effect on the flow and temperature fields and 

therefore on heat transfer. Their results indicate that the mean Nusselt number 

decreases with increasing fin height. Rahinam and Farhadi [8] investigated the 

effect of radial fins on heat transfer by turbulent natural convection for an annulus 

with a number of radial fins ranged from 2 to 12 attached to inner cylinder. They 

examined two different orientations used by Patankar and Chai [7] to reveal the effect 

of fin height and fin orientation. The Rayleigh number considered in this study ranges 

from 10
6
 to 10

9
. Their results show that the higher fin height has a blocking effect on 

flow causing lower heat transfer rate. they concludes that there is a reduction of heat 

transfer rate in all of the orientations considered in this study as compared to the case 

of no fin at the same Rayleigh number.   

The main aim of the present experimental investigation is to determine the 

effect of the annular fins, diameter ratio and Rayleigh number on mean Nusselt 

number prediction across the annulus. The numerical study objectives are to develop 

a mathematical model capable of predicting fluid flow and heat transfer in horizontal 

concentric annuli without fins using finite difference method for a range of Rayleigh 

numbers and diameter ratios. 

 

NUMERICAL STUDY 

Mathematical modeling 

The governing equations for the natural convection in the annulus between horizontal 

concentric cylinders under steady-state conditions can be written as: [1] 
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where the co-ordinate r is measured from the center of the system, and  is measured 

clockwise from the upward vertical line; as shown in Fig.(1). The use of vorticity–

streamfunction formulation can simplify the solution procedure. With the 

streamfunction, the velocity components u and v can be expressed as 
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where α=k/ρc is the thermal diffusivity, δ is the gap between the cylinders and ω is 

the vorticity, Equations (1)–(4) can be simplified as 
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  is Laplacian in polar coordinates and defined as; 
2
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The dimensionless parameters appearing in the Equations (5)–(8) are the Prandtl 

number Pr = ν/α and the Rayleigh number Ra = gβ(Ti-To)δ
3
/αν. 

For the natural convection in an annulus between two concentric cylinders, the flow is 

symmetric with respect to the vertical centerline. Thus, half of the annulus can be 

taken as the computational domain, i.e. attention is restricted to (0 <  <  ). 

The boundary conditions on two impermeable isothermal walls are given by 

0VU              
2

2
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on the inner cylinder and 
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0VU              
2

2

R


             0  

on the outer cylinder. When half of the annulus is taken as the computational domain, 

the following symmetric condition is applied along two vertical lines of symmetry at 

0 and  : 

0VU                    0                   0



 

The local and mean Nusselt number on inner cylinder surface is respectively 

expressed by the equations below: [4] 
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Simpson rule has been used to compute mean Nusselt number. 

Numerical solution 

A finite difference method (FDM) is used to descretize system of the partial 

differential equations (5 through 8) into algebraic equations system. The new algebra 

equations system will be solved using iterative under relaxation method, to give 

approximate values of the dependent variables at a number of discrete points called 

(grid points or nodes) in the computational domain. A grid was established by 

subdividing the computational domain in the R and   directions with indexes i and j 

that are integers describing the number of radial grid lines from the inner cylinder and 

the number of angular grid lines from the top symmetry line respectively, as shown in 

Fig.(4.2).The spacing of the grid lines in the R-direction is uniform and given by ΔR 

and that of the grid lines in the  -direction is also uniform and given by Δ . The 

number of the grid points will be [m × n] where (m) represents the number of 

gridlines in the R-direction and equals  1)R1(   while (n) represents the number of 

gridlines in the  -direction and equals  1)(  . 

The partial differential equations (5)-(8) were finite-differenced using central 

difference schemes for all of the derivatives. In particular, let   represents 

,, or , then 

R2R

j,1ij,1i








  , 







 

2

1j,i1j,i
, 

R2

2

R

j,1ij,ij,1i

2

2








 
 and








 

2

2
1j,ij,i1j,i

2

2

  

Equations (5)-(8) were put in the form convenient for iterations with under relaxation 

method as; 

   

















j,ij,i

2

1j,i1j,i3j,1i2j,1i1j,ij,i

1

h

R
hhh ..…. (11)  
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 




j,i1j,i71j,i6j,1i5j,1i4j,ij,i

1
hhhh  

   
1j,i1j,i9j,1ij,1i8

hh


  ……………. (12) 

 
j,i1j,i131j,i12j,1i11j,1i10j,ij,i

1
hhhh 




 …......................... (13) 

 Where h1-h13 are parameters from the discretization; 
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and 

 ,  and 


 are relaxation factors chosen from numerical experiments as: 

07.0,8.0 


 & 7.0


. 

These values of relaxation factors have been found to stabilize the computation 

procedure for Rayleigh number ranges (10
2
 - 10

5
) and increase considerably the rate 

of convergence. Number of iterations ranges (1000 - 1500) was enough to attain the 

required convergence. For the cases when Ra was increased to a critical value which 

was beyond the experimentally known laminar flow regime (Ra > 10
5
) the solution 

diverged and the method becomes unstable. 

During the computation, because of the slow rate of convergence for the 

stream function and vorticity compared with that of temperature, iteration was 

performed in weighted cyclic pattern as   .The convergence 

criteria needed for termination of the computation were preassigned as:  

51
10/)( 

 , 
51

10/)( 
  and  

51
10/)( 

  

The calculations were performed on P4-computer using MATLAB-7 software.  
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EXPERIMENTAL STUDY 

Experimental apparatus  

The apparatus was designed and constructed specially for investigating the effect of 

Rayleigh number, diameter ratio and existing of annular fins on the natural 

convection heat transfer between two horizontal concentric cylinders of constant wall 

temperature under steady state conditions. The experimental apparatus is 

diagrammatically shown in Fig.(2). The test-section consists of a fixed (27mm) 

outside diameter, (5 mm) thick and (200 mm) long aluminium inner cylinder to which 

one of three different aluminium outer cylinders (200 mm) long, (4 mm) thick with 

55,70 and 82 mm outside diameter were assembled to yield diameter ratios of 2, 2.6 

and 3, respectively. The inner cylinder was made in two configurations, one in which 

the inner cylinder is being unfinned and another in which it being finned. Finned 

inner cylinder, shown in plate (1), is fixed to one of three different outer cylinders 

mentioned above, to give (fin height/gap width) of 0.286, 0.186 and 0.143.The test 

section is mounted on a wooden supporting-frame and stored horizontally with aid of 

a sprit level. The inner cylinder was heated by passing an alternative current through 

a 0.2-mm-dia, 5-m-length, 95-ohm nichrome wire wounded as spiral inside glass 

tube, (8 mm) in diameter and (190 mm) long. The heater, i.e. the glass tube and the 

nichrome wire, was mounted concentrically in the inner cylinder by two fictile pieces. 

The space between the glass tube and the inside surface of inner cylinder, also the 

space inside glass tube was filled by very fine sand to avoid generation of heat 

convection in it and to smooth any irregularities in the heat flux generated from the 

heater. The heater was connected in series to the power supply to ensure that 

incoming mains voltage is constant (220 V), and in parallel with the variac to adjust 

the heater input voltage as required. The voltage and current supplied to the heater 

were measured by digital voltmeter and ammeter of accuracy ± 0.05 volt and ± 5×10
-4

 

ampere. Temperatures on the inner and the outer cylinder surfaces were measured by 

thermocouples type T; several holes of (1.5 mm) in diameter were cut over along the 

surface of the cylinders to accommodate thermocouples .These holes are distributed 

as follows: 

1. Six holes of (5 mm) deep on the surface of unfinned inner cylinder; two located at 

a distance of (30 mm) from the ends and four at the mid-plane 90° apart between 

them. 

2. Six holes on the surface of finned inner cylinder, two of (5 mm) deep, located at a 

distance of (30 mm) from the ends and four of (9 mm) deep at the mid-plane 90° 

apart between them. 

3. Four of (2 mm) deep on the outer cylinder surface; two located at a distance of (30 

mm) from the ends and two at the mid-plane 180° apart between them. 

The ends of the test-section were plugged with Teflon (an insulating material) pieces 

in order to minimize the axial end losses and to mount the inner cylinder 

concentrically inside the outer cylinder. The Teflon piece is a disc (85 mm) in 

diameter and (20 mm) thick, cut out radially in a (10 mm) thick to get a diameter 

equal to the inside diameter of the outer cylinder, and drilled axially in a distance of 

(10 mm) and diameter of (27 mm) to get a diameter equal to the outside diameter of 

the inner cylinder. A hole of (5 mm) in diameter was drilled axially in each Teflon 

piece to draw the heater terminals and the thermocouples lead outside the test-section. 

Two thermocouples (type T) were fixed on the inside and outside surface of each 

teflon piece to estimate conduction heat losses from the test section ends. The 

distance between these thermocouples was 14 mm. knowing the thermal conductivity 

of the teflon; the ends conduction losses could thus be calculated. 
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Experimental Procedure 

Components of experimental rig were assembled in a windowless large room, free 

of air currents, to avoid occurrence of fluctuations in the room temperature.  

The following Procedure steps have been followed in each test run: 

 Mount the inner cylinder to appropriate outer cylinder to obtain a certain 

diameter ratio. 

 Adjust the input power to the heater to obtain a certain Rayleigh number. 

 Allow the test to run for a period until steady state condition was achieved. 

The steady state condition was considered to be achieved when the differences 

in the measured temperatures were not more than 0.2 °C over 30 min. In all 

the experiments, the steady state condition period was within 3–4 hours. 

 After steady state condition has been established, the readings of all 

thermocouples, the input power and the ambient temperature were recorded. 

 Repeat steps 2–4 for nine different Rayleigh numbers. 

 Repeat steps 2–5 twice, once for case without fins and another for case with 

fins. 

 Repeat steps 1–6 three times for different diameter ratio; 2.0, 2.6 and 3.0 . 

 

RESULTS AND DISCUSSION 

Experimental Results 

  Fig.(3) shows the variation of mean Nusselt number  Nu  with Ra for 

different diameter ratios. This figure shows that for any diameter ratio,  Nu  generally 

increases with increasing Rayleigh number. 

 Fig.(4) shows that ( Nu ) increases with increasing diameter ratio, and also 

shows that the curves of the different diameter ratios converge to each others as Ra 

decreases. This means that the effect of the diameter ratio on the heat transfer rate 

decreases with decreasing Ra.  

 Figs.(5) show the influence of attaching fins on inner cylinder surface on 

mean Nusselt number prediction . This figure indicates that there is a reduction in 

mean Nusselt number in the presence of fins as compared with case without fins. For 

the same value of Rayleigh number, reduction in Nusselt number may be ranged 

between (16.3% - 29.7%).The reason for this reduction is although the annular fins 

increase the surface area; they also resist the airflow. This resistance has been caused 

a decrease in heat transfer coefficient more than the increase in the surface area; as a 

consequence lower heat transfer rate was resulted. 

Fig.(6) presents the effect of the ratio (fin height/gap width) on mean Nusselt 

number. At a lower value of fin height (14.3 percent of gap width) the mean Nusselt 

number seems to be relatively larger. One can conclude as the (fin height/gap width) 

increase the heat transfer coefficient decreases, this probably because of a larger (fin 

height/gap width) mean more obstruction for the fluid motion inside the cavity; 

consequently less convective heat transferred from inner cylinder. 



Journal of Engineering Volume 16 June  2010       Number   2 
 

 

 5207 

 Numerical Results 

Effect of Rayleigh number 
 Left sides of Figs. (7) - (11) present streamlines at η=3.0 for different values 

of Rayleigh number (10
2
-10

5
). Fig.(7) depicts the streamlines at Rayleigh number of 

10
2
 which form a single ce11 rotates clockwise. This cell does not occupy uniformly 

the whole gap width. At this value of Rayleigh number the buoyancy force is very 

small to influence the temperature field and develop a fluid motion inside the annulus 

.A transition region exists for Rayleigh number between 10
3
 and 10

4
, Figs.(8-9). In 

this region, the flow remains in essentially the same pattern but become strong 

enough to influence the temperature field. As the Rayleigh number increases to 10
4
 - 

10
5
, Figs.( 9-10), A steady laminar boundary layer exists and the flow tends to occupy 

more uniformly the whole cavity and the center of circulation which defined as the 

point of the extremum of the stream function, begins to move higher up toward the 

upper symmetry line . The lower portion of the gap looks to be streamlines-free 

because this region is filled with a cold fluid and becomes stagnant. It is stagnant 

because the viscosity forces overcome the buoyancy forces and inhibit the fluid 

motion through it. 

 Right sides of Figs. (7) - (11) show the isotherms for diameter ratio of 3.0 

with different values of Rayleigh numbers (10
2
-10

5
).  For smaller Rayleigh number 

(10
2
), the velocity is too small to affect the temperature distribution which remains 

essentially as in pure conduction. This makes the convection term in Eq.(8) vanish, 

therefore Eq.(8) can be approximated by  0
2
 , so the isotherms are almost 

uniformly concentric as shown in Fig.(7). For Rayleigh number of Ra=10
3
, the 

isotherms indicates that the conduction stills the dominant heat transfer mechanism in 

the cavity. In other words, buoyancy forces are not strong enough to trigger 

significant convection. As the Rayleigh numbers increase to 10
4
, convection becomes 

dominant mode of heat transfer, and stronger recirculation for the fluid will be 

occurred making the outer fluid layer warmer than the inner one causing at the core 

so called temperature reversal phenomenon. This phenomenon is depicted by 

isotherms of Figs.(9),(10) and (11). It is noticed in Figs.(10) and (11)  that the 

isotherms are spaced more closely against the bottom of the inner cylinder and top of 

the outer cylinder, where the inner and outer cylinder thermal boundary layers are, 

respectively, thinnest. This mean maximum heat transfer from inner cylinder is from 

its lower portion while maximum heat transfer to outer cylinder is from upper 

portion; therefore heat is being essentially convected from lower portion of the inner 

cylinder to the top of the outer cylinder. In comparison of isotherms in Figs.(10) and 

(11) one can conclude as Rayleigh number increases isotherms at the lower portion of 

the inner cylinder and at the upper portion of the outer cylinder are further 

compressed.  

 Fig.(12) illustrates the distribution of local Nusselt number along the 

circumstance of the inner cylinder for the cases of Rayleigh number of 10
3
, 10

4
, 

5×10
4
 &10

5
 .The local Nusselt number has an increasing trend from the top (0°-

position) to the bottom (180°-position), where the highest values are reached. There 

are three regions can be distinguished in Fig.(12): 

First region  oo
180140  , in this region local Nusselt number is relatively 

constant since the inner boundary layer is of relative uniform thickness (see 

isotherms), and gives a little variation in local Nusselt distribution. 

Second region  oo
14010  , in this region local Nusselt number looses the 

uniformity and a large gradient in its distribution can be observed, this because the 
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inner boundary layer get thicker in this region since heat removal by fluid decreases 

as the fluid scends up 

Third region  oo
100  , here values of local Nusselt number approach to its 

minimum values, this due to formation of plume in this region. formation of the 

plume occurs where the two convective currents coming from the two annulus halves, 

impinging with each other and moving together upward without mixing, leaving a 

relatively stagnant region under impinging point. This behavior is roughly similar for 

most of Rayleigh numbers. 

 Fig.(13) illustrate the relation between mean Nusselt number and Rayleigh 

number at η = 3.0. Nu  is nearly constant at (10
2 

<Ra< 10
3
) because of the 

predominance of conduction mode on heat transfer process. Beyond Ra of 5×10
3
 

convection become predominant mechanism and Nu begins to largely increase.   

 

Effect of diameter ratio 

 The left side of Fig.(14) illustrates the flow patterns moving inside the gap. 

Although the flow pattern does not change significantly, the center of rotation moves 

towards the top with increasing diameter ratio. That mean as the diameter ratio 

increases the flow become stronger. 

 Fig.(15) illustrates the effect of increasing η on local Nusselt number 

distribution around the inner cylinder circumference. It can be seen from this figure 

that for all the cases decreasing the diameter ratio decreases the local Nusselt number 

since the resistance to the circulation motion of the convection cells increases as η 

decreases and this leads to slower replacement of the hot air adjacent to the inner 

annulus surface by the cold air adjacent to the annulus outer surface and this results in 

a decrease of the heat transfer rate. 

 

Comparison of present numerical and experimental results 

Nu  

             Exp.               Num.                  % Dev. 

η =2.0              Ra = 1.81×10
3
            1.823    1.653                       9.3 

η =2.0              Ra = 5.76×10
3
            2.656    2.406                      10.4 

η =2.6              Ra = 5.40×10
3
            2.933    2.766            5.6 

η =2.6              Ra = 1.76×10
4
            4.086    3.813            6.6 

η =3.0              Ra = 1.14×10
4
            3.662    3.796            3.6 

η =3.0              Ra = 4.03×10
4
            4.880    5.184            6.2 

%Dev. = ((exp. value – num. value) / exp. value) × 100% 

 

CONCLUSIONS 

Natural convection heat transfer between two horizontal concentric cylinders with 

and without annular fins attached to the inner cylinder was investigated numerically 

(for case without fins only) and experimentally (for both cases) under steady-state 

conditions. The experimental results showed that annular fins of (No. of fins/cm) of 

1.25 and (fin height/gap width) of 0.143, 0.186 and 0.286 have negative effect on heat 
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transfer results and cause a reduction in mean Nusselt number within (16.3 – 29.7) 

percent of that for the case without fins at the same Rayleigh number, and higher (fin 

height/gap width) has some blocking effect on fluid motion inside the cavity, 

therefore If there is a tendency toward reducing heat transfer rate between the 

horizontal concentric cylinders, it is better to use high (fin height/gap width). The 

numerical results showed that the heat is essentially transferred from the bottom of 

the inner cylinder to the top of the outer cylinder owing to the strong convective 

motion due to the buoyancy at these positions and decreasing of the diameter ratio 

increase the resistances to the circulation motion which leads to slower replacement 

of the hot air adjacent to the inner cylinder by the cold air adjacent to the outer 

cylinder and this results in a decrease of the heat transfer rate.  
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NOMENCLATURE 

D  diameter Δ laplacian in polar coordinates 

g  acceleration η diameter ratio 

m number of gridlines in R-direction ν kinematic viscosity 

n number of gridlines in  -direction ω vorticity 

Nu  local Nusselt number Ω dimensionless vorticity 

Nu  mean Nusselt number ψ stream-function 

p pressure Ψ dimensionless stream-function 

Pr Prandtl number ρ density 

Ra Rayleigh number base on gap width θ dimensionless temperature 

RaDi Rayleigh number based on annulus 

inner diameter 

Subscripts 

i radial mesh point  

 r radial coordinate j angular mesh point  

R dimensionless radial coordinate i inner cylinder  

T temperature 
o
 degree 

u,v  velocity components in R-,  -

directions 

o outer cylinder 

Superscripts 

U,V  dimensionless velocity components in 

R-,  -directions 

  current iteration number 

1  next iteration number 

Greek symbols − mean 

α thermal diffusivity   

β thermal expansion coefficient   

δ gap width   
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Fig.(1) Physical and Coordinate system 
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Plate (1) Inner finned cylinder 
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Fig. (2) Schematic diagram of experimental apparatus 
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Fig (3) Mean Nusselt number as a function of 
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Fig (7) Isotherms and streamlines at η=3.0 , 

Ra=10
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Fig (4) Effect of diameter ratio on mean Nusselt 

number predictions 
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Fig (8) Isotherms and streamlines at η=3.0 , 

Ra=10
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Fig (5) Effect of annular fins on mean Nusselt 

number predictions 
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Fig (9) Isotherms and streamlines at η=3.0 , 

Ra=10
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Fig (6) Effect of (fin height/gap width) on mean 

Nusselt number predictions 
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Fig (10) Isotherms and streamlines at η=3.0 , 

Ra=5×10
5 
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Fig (11) Isotherms and streamlines at η=3.0, 

Ra=10
5 
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Fig (12) local Nusselt number distribution 

around the circumference of the inner cylinder 

at η=3.0 and different Rayleigh numbers 
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Fig (5.27) Mean Nusselt number versus 

Rayleigh number at η=3.0 
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Fig (14) local Nusselt number at η=2.0, 2.6 , 3.0 

and Ra=10
4 
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-c- 

Fig (15) Streamlines and isotherms for Ra=10
4
 at: a- η=2.0, b- η=2.6 and c- η=3.0 
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FAULT TREE ANALYSIS AS A MODERN TECHNIQUE FOR 

INVESTIGATING CAUSES OF SOME CONSTRUCTION 

PROJECT PROBLEMS 
 

Assistant Lecturer Abbas M. Burhan, 

Baghdad University, College of Engineering 
 

ABSTRACT: 

       Construction projects contain many problems that can occur during the execution. Each 

problem results from many causes. Fault tree analysis (FTA) technique is a graphical model for 

analyzing causes of a problem (or undesired event) using logic gates to describe combinations of 

individual faults that can create an undesired event. Each level of the tree lists the lower level events 

that are necessary to cause the event shown in the level above it. The assessment process of a 

problem with FTA technique can be divided into two types: qualitative and quantitative assessment. 

As a case study to apply FTA technique in construction field, the researcher studied a building in 

Baghdad that had punching shear problem to analyze the causes lead to this problem.  

      This research aims to introduce the main principles of FTA technique and how to use in 

identifying and analyzing the causes of problems that can occur in the construction projects. Also, it 

aims to compute the probability of occurrence of any problem or undesired event. 

 

 :الخلاصة
تقٌ٘ح تحل٘ل . ئ٘ح تحتْٕ علٔ الكخ٘ش هي الوشاكل أحٌاء التٌف٘ز ّكل هشكلح تٌتذ هي عذج أسثابأى الوشاسٗع الأًشا

تأستخذام سهْص ( أّ حذث غ٘ش هشغْب)ُٖ ًوْرد تصْٗشٕ لتحل٘ل أسثاب هشكلح هعٌ٘ح ( FTA)شجشج الع٘ة 

كل . غْب فَ٘لْصف هجوْعح هي العْ٘ب أّ الأسثاب التٖ تْلذ الحذث الغ٘ش هش( Logic Gates)هٌطق٘ح 

لٔ عثة الحذث الزٕ فٖ أْٓ التٖ حذّحِا ٗكْى ضشّسٕ لتسٗضن الأحذاث الأقل هستهستْٓ هي شجشج الع٘ة 

  .الوستْٓ هي الشجشج

 .تق٘٘ن ًْعٖ ّتق٘٘ن كو9ٖ أى عول٘ح تق٘٘ن إٔ هشكلح ضوي تقٌ٘ح تحل٘ل شجشج الع٘ة ٗوكي تقس٘وِا الٔ ًْع٘ي

 الأًخقابحقل الأًشاء، أخز الثاحج تٌاٗح فٖ تغذاد تعاًٖ هشكلح قص فٖ ( FTA)ح لتطث٘ق تقٌ٘ح كذساسح حال

   .  لتحل٘ل الأسثاب التٖ أدخ الٔ ُزٍ الوشكلح

ّك٘ف٘ح أستخذاهِا فٖ تحل٘ل أسثاب الوشاكل التٖ قذ  FTAِٗذف ُزا الثحج الٔ تقذٗن الوثادٕء الأساس٘ح لتقٌ٘ح 

 .ل٘ح حذّث إٔ هشكلحتحصل فٖ الوشاسٗع الأًشائ٘ح ّك٘ف٘ح أحتساب أحتوا
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MAIN PRINCIPLE: 

         A fault tree analysis technique can be simply described as an analytical technique, whereby an 

undesired state of the project is specified. Fault tree itself is a graphical model of the various 

combinations of faults that will result in the occurrence of predefined undesired event. The faults 

can be events that are associated with errors and omissions or any risks which can lead to the 

undesired event. A fault tree thus depicts the logical interrelationships of basic events that lead to 

the undesired event which is the top event of the fault tree. 

 

HISTORY OF FTA TECHNIQUE: 

         FTA was first used by Bell Telephone Laboratories in connection with safety analysis of the 

minuteman missile launch control system in USA in 1962, and improved by Boeing Company. FTA 

is now widely used in the electronics, nuclear, and aerospace industries (Burke and Weiss 

1980)(Haasl 1965). Because the construction industry is one of most important industries, the 

researcher developed this technique to be used in the construction industry to analysis causes of any 

problem can be occurred. 

 

WHAT IS FTA: 

        FTA technique evaluates hypothesized undesired event in a project to expose their causes. 

FTA is a top-down approach to failure analysis, starting with a potential undesired event (problem) 

called a top event, and then determining all the ways it can happen. The analysis proceeds by 

determining the causes of occurrence the top event which will be connected through logic 

gates(Rausand 2004). In this research, two types of gates are used(Clemens 1993): 

 

 

* AND Gate:  

An event is connected to its causal events through AND gate if all the causal events must happen in 

order for the resulting event to take place as shown in Fig.1. 

 

 

 
 

Fig.1, Three Events Connected through AND Gate 

 

 

 

* OR Gate:  

An event is connected to its causal events through OR gate if the resulting event can be produced by 

any of the causal events as shown in Fig.2. 

A 

+ 

B C 

+ 
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Fig.2, Three Events Connected through OR Gate 

 

 

BUILDING BLOCK OF FAULT TREE: 

        A typical fault tree is composed of a number of symbols which are described in detail 

below(Ericson2000)( Andrews 1998): 

 

* Rectangle:    

 

 This symbol is used to represent events are considered to be the results of other events within the 

project. 

 

* Circle:               

 

This symbol is used for a basic event, which is independent of all other events; hence no further 

investigation is necessary. 

 

* Rhombus: 

 

This symbol is for events that are not basic but are considered to be so for the purpose of the FTA. 

The rhombus may be used for some lower-level events for the expediency of not exploring events 

of little consequence, or for events that are analyzed on a separate fault tree. 

 

* Triangle: 

 

This symbol is used for transferring a branch of the FTA onto another page. It is consist of a 

triangle containing the page number of continuation. 

 

* Ellipse:  

 

This ellipse is used to record any conditions or restrictions that apply to any logic gate. 

 

STEPS OF BUILDING FAULT TREE: 

        There are many steps that be adopted when building fault tree as follows: 

 Define the problem (or undesired event) for analysis. 

 Draw a box at the top of the tree diagram and list the topic of problem inside it. 

 Identify all faults related to the problem. 

 Identify causes for each fault. List all applicable causes for faults in ovals below the fault. 

Connect the ovals to the appropriate fault box. 

A 

B C 
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 Work towards a root cause. Continue identifying causes for each fault until you reach a root 

or controllable cause. 

 Give probability of occurrence for roots of fault tree depending on historical collected data 

or the experience. 

 

THE CONCEPT OF UNDESIRED EVENT: 
        Fault tree analysis is a deductive failure analysis which focuses on one particular undesired 

event and which provides a method for determining causes of this event. The undesired event 

constitutes the top event in a fault tree diagram constructed. Careful selection of the top event is 

important to the success of the analysis. If it is too general, the analysis become unmanageable; if it 

is too specific, the analysis does not provide a sufficient broad view of the problem. Fault tree 

analysis can be an expensive and time consuming exercise and its cost must be measured against the 

cost associated with the occurrence of the relevant undesired event. Some examples of top events 

that might be suitable for beginning a fault tree analysis such as: 

a. Time delay problem which occur in most of construction projects. Since many causes may 

lead to this problem such as drawing and design delay, poor planning, poor incorporating 

between subcontractors, labour accidents, etc. 

b. Catastrophic failures which occur in the structures of a building because of causes related to 

design or execution phases. 

c. Contractor’s failure to complete the project within the budget because of poor planning, 

errors in calculations of estimation, etc. Since, according to UK Department of Trade and 

Industry Key Performance Indicator (DTI 2002): 

- 50% of all construction projects finish over budget. 

- 54% of all construction projects finish behind budget. 

- 24% of construction projects are completed unsatisfactory, 48%of those having a 

significant negative impact on business operations. 

d. Labours accidence problem related to the manners of safety adopted in the site.           

 

 

THE ASSESSMENT OF PROBLEM: 

        In this research, the assessment process is divided into two types: qualitative assessment and 

quantitative assessment; as detailed below.  

 

Qualitative Assessment: 

        It is the type of assessment that deals with a problem that has already taken place in a project, 

in order to diagnose the causes behind this problem. 
 

Case Study: 
        In this study, the researcher has investigated a problem of punching shear which occurred 

during the construction of a certain building in Baghdad, as an example to illustrate the process of 

qualitative assessment. The punching shear was encountered in the flat plate slab of this building, as 

some of the columns had gone through (punched) the concrete slab as shown in Fig.3. 

The investigation started with a field study including visiting and inspecting the site, taking photos 

to the case features, and collecting data through interviewing some of the specialists in the fields of 

design and implementation. This field study procedure aims at diagnosing the possible reasons and 

factors that had led to this punching shear occurrence; then a fault tree is to be drawn to analyze the 

situation more accurately. There are two points must be considered before drawing fault tree: 

 

1. Defining the top event (the problem) in clear and unambiguous way, e.g.: 

- What is the problem: “punching shear” 

- Where: “building in Baghdad” 
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- When: “after the execution” 

2. Determining the necessary events and conditions causing the top event. 

Here, FTA can be prepared to explain and show the causes that led to the main problem (punching 

shear) as shown in Fig.4. 

 

 

 

 

 

 

             
(a)                                                               (b) 

 

 

 

 

 

                                                              

             
                               (c)                                                               (d) 

 

Fig.3, Punching Shear was Encountered in the Flat Plate Slab of a Building 

in Baghdad. 

  

 

 

    

 

 



A.M. Burhan                                                                   Fault Tree Analysis as a Modern Technique for Investigating 

                                                                                        Causes of Some Construction Project Problems 

 

 

 

4128 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page (1) 

 

 

Fig.4, Fault Tree Diagram for Punching Shear Failure 
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Fig.4-continued, Fault Tree Diagram for Punching Shear Failure 
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Fig.4-continued, Fault Tree Diagram for Punching Shear Failure 
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QUANTITATIVE ASSESSMENT: 

          This type can be used for the sort of assessment that deals with a proposed problem (hasn’t 

occurred yet); but it is predicted so that this assessment process can diagnose the causes and factors 

that had led to the main problem. The analysis provides failure probabilities at the system level that 

are needed for assessing the problems involved in a construction project; e.g. safety, subcontractors 

ability to deliver on time, equipment productivity, and costs and schedules associated with 

construction activities. 

In the quantitative assessment, it is possible to assess the probability of a top event from estimates 

of probabilities of the basic events in the fault tree. When events are connected to a higher order 

event through OR-gate, we add the probabilities. When events are connected to a higher order event 

through AND-gate, we multiply their probabilities(Kales 1998). The estimation of probabilities of 

occurrence any basic event depend on the experience and records or information about previous 

projects. For example, if all the probabilities of basic events and events assumed to be basic in the 

fault tree of Fig.5 are estimated to be the follow: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5, Fault Tree Diagram which Example 
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P(Event 4) = 4% P(Event 9) = 7% 

P(Event 6) = 10% P(Event 11) = 5% 

P(Event 7) = 20% P(Event 12) = 15% 

P(Event 8) = 5% P(Event 13) = 10% 

 

Then the probability of the top event can be determined as shown: 

 

P(Event 5) = P(Event 6) + P(Event 7) = 0.10 + 0.20 = 0.30 

P(Event 1) = P(Event 4) * P(Event 5) = 0.04 * 0.30 = 0.012 

P(Event 2) = P(Event 8) + P(Event 9) = 0.05 + 0.07 = 0.12 

P(Event 10) = P(Event 12) * P(Event13) = 0.15 * 0.10 = 0.015 

P(Event 3) = P(Event 10) + P(Event 11) = 0.015 + 0.05 = 0.065 

 

So, P (Top Event) = P (Event 1) + P (Event 2) + P (Event 3) 

                          = 0.012 + 0.12 + 0.065 = 0.197 = 19.7% 

 

This value (19.7%) represents the probability of occurrence the problem (Top Event). Based on this 

value, the management can decide the level of problem and put good plan to avoid this problem or 

decrease its effects on the project or parties.  

 

 

CONCLUSION: 

- Fault tree analysis technique is used in all industries, but it can be used effectively for 

investigating the problems which occur in the construction projects. It is effective tool to 

show the events or causes which lead to the main problem or top event (undesired 

event). 

   
- Fault tree analysis (FTA) technique is a graphical model of the pathways within a system 

that lead to a foreseeable undesired event. The pathways interconnect contributory 

events and conditions using standard logic symbols called AND-gate and OR-gate. 

Numerical probabilities of event occurrence can be entered and propagated through the 

model. 

 

- The user of FTA technique must carefully select the top event (undesired event) in order 

to success the analysis of problem. 

 

- The assessment process of any problem can be divided into two types: qualitative and 

quantitative assessment. The first type deals with problems which have already been 

taken place in a project, while the second type deals with a proposed problem (hasn’t 

occurred yet; but it is predicted). 

 

- In quantitative assessment, the user of FTA technique depends on his experience and 

records or information about previous projects to estimate the probabilities of occurrence 

any basic event. 
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ABSTRACT 

Digital Elevation Models (DEMs) are simply regular grids of elevation measurements over the land 

surface. DEMs are mainly extracted by applying the technique of stereo measurements on images 

available from photogrammetry and remote sensing. DEMs play a vital role in many scientific, 

environmental, engineering as well as military applications which need accurate and dense DEMs. 

However, generating a dense and accurate DEM comes with the price of spending both time and 

money on the field measurements. Fortunately, advanced space technology has provided much 

single (if not stereo) high resolution satellite imageries almost worldwide with the available global 

or local DEMs. This study included evaluating both DEM produced from topographic map and 

raster DEM after resolution enhancement by using single satellite image. According to the results of 

these experiments, a strategy was proposed for using the reflectance data to enhance the accuracy of 

DEM interpolation. The proposed the reflectance data models were implemented in a software 

package and successfully tested. 

 

[Keywords: Densification of DEM, Spatial Enhancement of DEM, Shape from Shading, 

Optimization Algorithms] 

 

 الخلاصة

 

نمااج أ رتفاعجعااجم . هااب ساطااجب  تاااتجم  من ماا   اات رتفاعجعااجم   جلااا  ع اا  لااا   رتف ( DEMs)نمااج أ رتفاعااجر مية م اا  

ميمناا ةةم  اات ميمطاا  مينراا نةت وس جنااجم ( زوأ  اات ميراا ف)اطاانماب سلااتي ف  طااب سن ا ااج ميممااج أ ميم طاام  ( DEMs)مية م اا  

تث ااة  اات مين ا  ااجم مي مالااا   ومين ا  ااجم مياطااتةن  احنااجأ مياا  نمااج أ رتفاعااجر مية م اا  همجيااا مي, ع اا  رناا   ااج  .مينحطااا ميمااج ب

(DEMs )  مم  جس  اا  اح  ااي عجي اا (High Resolution ) مين اااا ميحج ااي ةااب اتم    ااج , يحطاات ميحاا . و ناا ةةم  ح  ااجا وعجيم ااجا

نمتات ر  اطانماا ياناجدم فثجةا  ( ا ةناجا يتي مياجيم)عجي    مم  جس    اح  ي (    طم  ي طت)ميعضجء وةةم يمج   فم ةضج     معةدم 

امجتا جا  اه هاام مين  ا  ةاب  مياحاو انماجو  رنناجأ ميمما  أ (. زنجدم  جس    اح  ي ميمم  أ, سمام  رخة)ميم جب يمم  أ رتفاعجر مية مب 

سجلاانماما  ا فم    أ رتفاعاجر مية ماباحطا ت  جس  ا  اح  اي نمامية مب  ات خجفبا  ب س اةمة ا    اةوم اا   جا و ات  ام  متفاعجر

 .ةضج     معةدم
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INTRODUCTION 

 

DEMs are used for the analysis of topographical features in GIS and numerous engineering 

computations as well as scientific applications. Digital Elevation Models (DEMs) are simply 

regular grids of elevation measurements over the land surface. DEMs are mainly extracted by 

applying the technique of stereo measurements on images available from photogrammetry and 

remote sensing [Allam, 1978]. 

 

A GIS is a technology which can be used for scientific investigations, resource management, and 

development planning. Broadly speaking, a GIS consists of four different components: - 1) data 

collection, 2) data storage, 3) data analysis and processing, and last but not least 4) information 

retrieval. Among many types of data, Digital Elevation Models (DEMs) as well as remote sensing 

play a key part in the development of GIS [Khalaf, 2004]. 

 

Today, with the need for the better management of the limited natural resources, there are numerous 

geosciences and engineering applications which require denser DEM data than available. 

Unfortunately stereo satellite imagery is not available everywhere. Obviously, time and cost are two 

important factors that often prevent us from field measurements. While interpolation techniques are 

fast and cheap, they have their own inherent difficulties and problems, especially in terms of 

accuracy of interpolation in rough terrain [Rajabi, 2006]. 

 

On the other hand, the availability of single satellite imagery for nearly all of the Earth is taken for 

granted nowadays. This research paper was an attempt to explore the feasibility of enhancing the 

DEM interpolation accuracy using the reflectance data with single (as opposed to stereo) satellite 

imageries. The motivation for this investigation is the availability of relatively inexpensive but up to 

date, multiresolution, multispectral single satellite imageries for almost the whole world [Rajabi, 

2006]. In this paper we will discusses generation of digital elevation models from scanned 

topographic map and spatial (resolution) enhancement by using single satellite imagery which is 

used as a main tool in this research. 

 

Digital elevation model (DEM) is an important and interesting field for many engineering 

applications, as attested by the large volume of published literature. The relevant work may be 

summarized as follows:- 

 

[Patrice Arrighi and Pierre Soille, 2007] presented a general methodology for the generation of 

digital elevation models (DEMs) starting from scanned topographic maps. they concentrate on the 

extraction and filtering of the contour lines from the input maps. This is a difficult problem due to 

the presence of complex textured backgrounds and information layers overlaid on the elevation 

lines (e.g., grid lines, toponymy, etc.). Results are presented on a wide variety of samples extracted 

from a (1:50000) plate scanned at 300 DPI. 

 

 [Makki A. 2007] presented a study to evaluate the most suitable and accurate interpolation method 

in producing digital elevation model for the data gathered from existed topographic maps which are 

also compared with data gathered from field survey. Different map scales (1:100000, 1:50000, 

1:25000) with different contour intervals (50m, 10m, 5m) were chosen in the tests. The accuracy 

tests based on the National Mapping Accuracy Standards (NMAS) by comparing the result of Root 

Mean Square Error (RMSE) in elevations with the typical standard deviation (σz) proposed by 

(NMAS) which depends on the scale of maps and contour intervals. From testing four interpolation 

techniques ((Kriging, Triangulated Irregular Network (TIN), Inverse Distance Weighting (IDW) 
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and Polynomial)) it was found that kriging is the best method followed by TIN method while IDW 

method failed in some tests, and the polynomial model failed in all tests.  

 

[A. Rajabi, 2003] discusses the application of shape from shading (SFS) techniques to improve the 

quality of the interpolated DTM grid data with single satellite imagery of better resolution then the 

DTM data. The idea is highly motivated by the wide availability of satellite remotely sensed 

imagery such as Landsat TM and SPOT HRV imagery. 

 

 

EXPREIMENTAL WORK 

 

Study Area Site Description 

 

The study area is a part of Chamchamal region in the northeast of Iraq, exactly in the northeast part 

of Chamchamal region. The study area is located on both sides of Tigris River. Chamchamal region 

bounded by the coordinate, it extends between latitudes (from 35
0
 55' 00" to 36

0
 00' 00") and 

longitudes (from 44
0
 55' 00" to 45

0
 00' 00") in zone 38N according to UTM cartographic coordinate 

system. Figure (1) shows the location of this region. 

 

 
 

Fig. (1): Study Area (Chamchamal region). 

 

Topographic Map Features 
 

Topographic map with the following specification are used scale of (1:100,000) with contour 

interval of (50) meter, which was produced in general surveying directorate. The main features in 

the topographic map for study area are, Valleys and mountains is the most active features of land 

cover in the Chamchamal region due to high slopes of this region, also the Small Zap River passes 

through this region. This region is composed of many layers that covered the features in the 

topographic map. The terrain is generally not flat. Figure (2) shows the study area map. 
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Fig. (2): Study Area (Chamchamal Map). 

 

Characteristics of Satellite Image 

 
Satellite image is Landsat 7 ETM+, which was acquired in September 2002. Satellite image with 

eight bands provided as eight image files with GeoTIFF extension, six represents multispectral band 

with spatial resolution of (30) meters, one represents panchromatic band with spatial resolution of 

(15) meters and one represents thermal band with spatial resolution of (60) meters. The satellite 

image is geometrically corrected with the following map properties, UTM projection, Clarke, 

spheroid (1880), and zone (38N) and unites in meters. Figure (3) shows satellite image of study 

area. 

 
 

Fig. (3): Study Area (Chamchamal Satellite Image). 
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PRODUCTION OF DIGITAL ELEVATION MODEL FROM TOPOGRAPHIC MAP. 

nesExtraction of Contour Li 

A contour is an imaginary line of constant elevation on the ground surface. If may be though of as 

the trace formed by the intersection of a level surface with the ground surface, for example, the 

shoreline of a still body of water [Anderson and Mikhail, 1998]. The semi-automatic digitization to 

the contour lines of the topographic map was done by using ArcMap package in ArcGIS version 

(9.1) by creating shapfile* (A vector data storage format for storing the location, shape, and 

attributes of geographic features. A shapefile is stored in a set of related files and contains one 

feature class [ESRI, 2002]) used for this purpose, with indicating for the value of each line. 

Understanding this step, with more details can be made from the illustration contour line layer 

which will be given in figures (4) of the study area. 

 

 Errors may result, when the contour lines are drawn. These errors are dependent on the regions 

(study areas) nature. When some of regions like (Chamchamal) includes high slopes (i.e. very high 

contour line density), the probability of obtaining errors is increased. These errors result from the 

cutting in the lines or the removing of the extra lines.  

 

 

 

Fig. (4): Contour map of Chamchamal area with labled contours. 

 

Building of Digital Elevation Model 

            The production of raster DEM from contour lines includes two steps: The first step is by 

creating the points as (X, Y and Z) coordinate from shapfile format by using ERDAS IMAGINE 

package. The ERDAS IMAGINE system incorporates the functions of both image processing and 

GIS. These functions include importing, viewing, altering and analyzing raster data and vector data 

sets [ERDAS, 1999]; these points are then exported as text file with (.txt) extension. The second 
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step is creating surface (DEM) from these points, It is then so easy to open the text file format (with 

.txt extension) in text editor and save it as ASCII data file format (with .dat extension) in ERDAS 

IMAGINE Package. The ASCII data file is used to create a surface represented as Digital Elevation 

Model (DEM). The raster image format (DEM) with (.IMG) extension. This process is called 

surfacing in ERDAS IMAGINE package. This surface was decided to consist of (1092) points as 

(X, Y and Z), the output cell size (resolution) (100*100) m
2
. After that the digital elevation model is 

displayed as a perspective view as shown figure (5). 

 

 

 
 

Fig. (5): 3D view of the produced DEM. 

 

RESOLUTION ENHANCEMENT OF DIGITAL ELEVATION MODEL 

 

After the production of the digital elevation model (DEM) from topographic map, the elevation 

values (Z coordinates) were computed in a regular grid (100 meter grid spaces). The main goal of 

this study is to improve the accuracy (resolution) of DEM grid data by using single satellite imagery 

(i.e. the elevation values (Z coordinates) will be computed in a regular grid (30 meter grid spaces). 

 

Satellite Image Classification 

 

The purpose of classification is to extract information from image. Information will be transferred 

to separate raster layers, each layer represent a type of land cover and/or land use. The results of 

digital image classification include unsupervised classification results that represent the two 

approaches used to classify the raw data. In this study we choose unsupervised method to classify 

the satellite image, because no extensive prior knowledge of the region is required, the opportunity 

for human error is minimized and unique classes are recognized as distinct units [Gonzalez, 1992]. 
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Unsupervised Classification 

 

The purpose of classification is to extract information from image. Information will be transferred 

to separate raster layers, each layer represent a type of land cover and/or land use. The results of 

digital image classification include unsupervised classification results that represent the two 

approaches used to classify the raw data.  

 

One of the most unsupervised classification methods is the ISODATA, whose algorithms calculate 

class means evenly distributed in the data space and then iteratively cluster the remaining pixels 

using minimum distance technique (The minimum distance decision rule also called spectral 

distance) calculates the spectral distance between the measurement vector for the candidate pixel 

and the mean vector for each signature [ERDAS, 1999]. 

 

The unsupervised classification operation was performed. In this study we classified the satellite 

image with six spectral classes. From six classes we choose three classes for propose this study. 

Figures (6) show the results of these operations with a summarized explanation for each class based 

on ground truth information. The figures show that for trial, the unsupervised classification 

technique gives good representation of some classes and merges among others, and this method 

may categorizes some classes into more than one spectral class (such as streets and soil, streets and 

vegetation, and soil and vegetation). This may be attributed to many reasons such as the difference 

in the type density and its non homogeneity, sensor resolution, sensor angle of view, and the sun's 

altitude angle. 

 

 
 

Fig. (6): Classification of Satellite image. 
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CONVERTING THE DIGITAL NUMBER TO REFLECTANCE 

 

Obviously, any band from satellite image consist of number of cells is called pixels, each pixel also 

has a numerical value, called a digital number (DN) that records the intensity of electromagnetic 

energy measured for the ground resolution cell represented by that pixel [Gonzalez, 1992]. For 

satellite (Landsat) data, there is often need to calculate radiances from the digital values and 

calculate reflectance from radiances provided as image data, usually because specific analyses 

require radiances or because it is necessary to compare data from one scene to another illustrated in 

figure (7). The DN images are converted first to at satellite radiance and then to at satellite 

reflectance using the following equations [USGS, 2001]. 

 

     L = (Gain * DN ) + Bias   ……………………………………...…………………..….. (2.1) 

 

      = ( * L * d2) / (ESUN * sin ())   ……………………………..................………….. (2.2) 

 

Where:-  

 = ETM+/TM band number. 

L = At-satellite radiance. 

Gain = Band specific, provided in the header file. 

Bias = Band specific, provided in the header file. 

 = At-satellite reflectance, unit less. 

d = Earth-Sun distance in astronomical unit. The Earth-Sun distance can be derived from table 

(2.3). 

ESUN = Solar exoatmospheric spectral irradiance from table (2.2). 

 = Sun elevation angle 

 
 

Figure (7): Reflectance Values Calculation. 
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Table (2.2): ESUN Solar Spectral Irradiances [USGS, 2001]. 

 

 

Band 
 

L7 ETM+ 
 

L5 TM 

1 1969.000 1957.000 

2 1840.000 1826.000 

3 1551.000 1554.000 

4 1044.000 1036.000 

5 255.700 215.000 

6 82.070 80.670 

7 1368.000  

 

Table (2.3): Earth-Sun Distance in Unit [USGS, 2001]. 

 

\ 

Julian Day 

 

Distance 

 

Julian Day 

 

Distance 

 

Julian Day 

 

Distance 

1 0.9832 121 1.0076 242 1.0092 

15 0.9836 135 1.0109 258 1.0057 

32 0.9853 152 1.0140 274 1.0011 

46 0.9878 166 1.0158 288 0.9972 

60 0.9909 182 1.0167 305 0.9925 

74 0.9945 196 1.0165 319 0.9892 

91 0.9993 213 1.0149 335 0.9860 

106 1.0033 227 1.0128 349 0.9843 

    365 0.9833 

 

 

In this study we convert the digital number to reflectance value. However, we used code (program) 

in Visual Basic language to extract reflectance value. This program uses data obtained from Landsat 

7 ETM+ raw image with six bands (1, 2, 3, 4, 5 and 6) such as sun elevation, sun azimuth, exposure 

dated, earth sun distance and constants values for detectors found in Landsat 7 ETM+.  

 

Densification of DEM Grid Data 

After converting the digital number values for each band from classes to the reflectance values. 

Now we have classes consist from these bands, bands are in matrix form which holds the 

reflectance values. To densify the DEM grid data, it should be converting the reflectance values to 

elevations. The following steps are involved in the densification of DEM grid data. 
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The first step: subscribed points taken between a part from DEM (low resolution) and classes by 

using ERDAS IMAGINE package. This is process is called Geolink. 

 

The second step: computing the best fitting (relationship) between the elevations (H) and spectral 

reflectance values (R) (i.e. high correlation coefficients and low residual error). The above 

processing was done by using statistical program called (Curve Expert (ver. 1.3)). This program it 

sifts through every possible curve fit. Ranks the fits from best to worst, and presents you with the 

best equation (high coefficients and low residual error) from (30) equations and the best fit is then 

displayed in the graphing window. The sinusoidal fitting (y=a+b*cos(c*x+d)) were the best fitting 

in this tests. But found simple difference by correlation coefficient, residual error and coefficients 

from fitting to fitting another. Table (1) shows the parameter of fitting for each class, figure (8) 

shows the best equations chosen for classes by using Curve Expert (ver. 1.3) package. 

 

 

 

Fig. (8): Relationship between Elevation and Reflectance Values for the Classes (2,3,5 and 6). 
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Table (1): Parameter of the Sinusoidal Fitting for each Class. 

Residual 

Error 

Correlation 

Coefficient 

Coefficients NO. of 

Classes d c b a 

4.505158 0.9759728 -22.959 272.371 19.638 974.013 2 

3.961472 0.9862825 -16.740 353.602 23.226 625.306 3 

3.904637 0.9448530 4.66391 505.751 9.7274 523.538 5 

4.058228 0.9652660 33.7233 2827.56 16.933 581.322 6 

 

 

The third step: After computing the best fitting (relationship) between the digital elevation model 

(low resolution) and classes. We converted each reflectance values (R) to elevation (H) and then we 

give (X, Y) coordinates for each elevation. The above processing was done by using MATLAB.  

 

The fourth step:  It is then so easy to open the text file format (with .txt extension) in text editor and 

save it as ASCII data file format (with .dat extension) in ERDAS IMAGINE Package. The ASCII 

data file is used to create a surface represented as Digital Elevation Model (DEM) [ERDAS, 1999]. 

The resulted DEM is geometrically corrected. This surface is consist of Enormous points (as X, Y 

& Z), the output cell size (resolution) (30*30) m
2
. In figure (9) the results of DEM spatial 

(resolution) enhancement by using single satellite image data were satisfactory, as revealed by the 

RMSE obtained. These results suggest, first, that single satellite image gives a high resolution better 

than from the digital elevation model (DEM) which is obtained from scanned topographic map, 

second, that single satellite image is multispectral, third, that of the method used in this study are 

appropriate for this type of data and this area. 

 

 

Fig. (9): Raster DEM after Resolution Enhancement for Classes. 
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THE EVALUTION OF ACCURACY FOR DIGITAL ELEVATION MODEL 

 

After producing the digital elevation model from the scanned topographic map and after resolution 

enhancement of digital elevation model by using single satellite image, the models are transferred to 

(Raster Digital Elevation Model). Thirty well distributed the find DEM points were chosen on  the 

transferred model and its coordinates were recorded (E, N AND Elev.) then  projecting them the 

topographic map which are related to the same model, using the value of elevation by traditional 

methods and taking in consideration the distance between the two lines, the point lies between them 

and the contour interval value, then computing the value of (RMSE) in elevations with the typical 

standard deviation proposed by National Mapping Accuracy Standard (NMAS) depending on the 

used map scale and contour interval (See Table (2)). The resulting accuracy of digital elevation 

models (high resolution) was found to be the best from accuracy for digital elevation model 

produced previous from scanned topographic map. 

 

Table (2): The Computed Standard Deviation of DEM for the Study Area. 

 

Results  

Type of Error 

 

NO. Raster DEM after 

Resolution Enhancement 

Raster DEM Before 

Resolution Enhancement 

 

2.814 m 

 

3.161 m 

Computed Standard 

Deviation 

 

1 

 

CONCLUSIONS 

 

 The digital elevation model (DEM) produced from scanned topographic map by using 

simple automatic method were compared on the basis of computing the root mean square 

error (RMSE). It was found that the proposed method gives improved results. Generally, the 

scale of map and the contour interval affect the accuracy of the produced digital elevation 

model (DEM). 

 

 Although the densification process for grid data gives a good results in digital elevation 

model (DEM) in this study, but cannot be adopted for large areas, because it is limited. 

Other conditions and constrains must be taken to over come this limitation. It is obvious 

there is no fixed relationship between the elevations and spectral reflectance values. 

 

 The use of large scale topographic map (1:10000, 1:5000, 1:1000 …) with small contour 

interval (10, 5) for production of digital elevation model (DEM). 

 

 The use of modern software which automatically converts contour maps from its raster 

format into vector format like (ArcScan) software in a process called vectorization. 

 

 Using raw satellite images of high resolution (from one meter to five meter) such as those 

from SPOT or IKONOS satellites, and use multispectral image with high spectral resolution 

to extract more information from satellite image. 

 

 It is preferred to use the field survey is very essential and important to notice the variance 

among the soil classes, to obtain and fix the ground truth throughout the laboratory tests and 

to determine earth covers classes. 
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 5- It is preferred in future work to use supervised classification method, because supervised 

classification method gives good presentation of the classes with overall accuracy (for 

training regions) equal to (96%). 

 

 Use the shape from shading (SFS) to densification of digital elevation model (DEM) grid 

data. 
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LIST OF ABBREVIATIONS 

 

DEM: Digital Elevation Model. 

DEMs: Digital Elevation Models. 

DN: Digital Number. 

ERDAS: Earth Resources Data Analysis System. 

ETM+:   Enhanced Thematic Mapper +.  

GIS: Geographic Information System. 

GeoTIFF: Geographic Tagged Image File Format. 

ISODATA: Iterative Self Organizing Data Analysis. 

Landsat: Land Satellite. 
NMAS: National Mapping Accuracy Standard. 

RMSR: Root Mean Square Error. 

UTM: Universal Transverse Mercator Projection. 

VMAS: Vertical Map Accuracy Standard. 

 

 

http://ceos.cnes.fr:8100/cdrom-00b2/ceos1/satellit/landsat7/emt.htm
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ABSTRACT 
This paper presents region growing image segmentation method which unifies region and 

boundary information. Several studies shown that segmentation based on image features can 

improve the accuracy of the interpretation. The goal of segmentation is to simplify and/or change 

the representation of an image into something that is more meaningful and easier to analyze. Image 

segmentation is typically used to locate objects and boundaries (lines, curves, etc.) in images. More 

precisely, image segmentation is the process of assigning a label to every pixel in an image such 

that pixels with the same label share certain visual characteristics. 

A problem that frequently arises when an image is segmented is that the number of feature 

variables or dimensionality is often quite large. It becomes necessary to decrease the number of the 

variables to manageable size. The other main difficulty of traditional image segmentation is the lack 

of adequate tools to characterize different scales of image effective. In this paper it proposed three 

dimension multiwavelet algorithm to overcome this difficulty and then the region growing method 

is applied to segment this image. 

 

 هالخلاص
ُْيا  دٛيث طزٚقت نخقسٛى صٕرة يعخًدة عهٗ ًَٕ انًُاطق انخيٙ حٕديد يُياطق ٔديدٔم انًعهٕيياث   حى حقدٚى انبحث فٙ ْذا

مراساث عدٚدة بُٛج اَّ انخقسٛى انذ٘ ٚعخًد عهٗ خصائص انصٕرة ٚسخطٛع اٌ ٚحسٍ فٙ مقت انخفسٛز  انٓدف يٍ انخقسٛى ْٕ حبسيٛظ 

ثز يفٛد ٔاسيٓم بانخحهٛيم  حقسيٛى انصيٕرة ًَٕ يٛيا ٚسيخ دو فيٙ ححدٚيد الحيٛا  ٔانحيدٔم  ان طيٕط   ٔ حغٛٛز حًثٛم انصٕرة بشكم اك

انًُحُٛاث    انخ( فٙ انصيٕر  ٔبخٕييٛأ قم   حقسيٛى انصيٕرة ْيٕ عًهٛيت ححدٚيد انصيفت نكيم َقطيت فيٙ انصيٕرة نيذن  انُقياط بيُف  

 انصفاث حشخز  ب صائص يحدمة ٔ يزئٛت 

عُييد حقسييٛى انصييٕرة ْييٙ عييدم يخغٛييزاث ان صييائص أ البعييام عييامة حكييٌٕ كبٛييزة يييدا  فًييٍ  انًشييكهت انخييٙ حدٓييز مائًييا

انضزٔر٘ حقهٛم عدم انًخغٛزاث انٗ دجى يعقٕل  ٔيشكهت صعبت اخزٖ ْٙ انخقسٛى انعام٘ نهصٕرة ٚحخاج انٗ امٔاث ٔافٛت نهحايت 

 نخ صٛص يقاٚس  ي خهفت  اث حاثٛز عهٗ انصٕرة 

نخجييأس ْييذِ انًشيياكم ٔثييى  (3D-Multiwavelet) طزٚقييت يخعييدم انًٕييياث  اث ثلثٛييت انبعييد فييٙ ْييذا انبحييث حييى اقخييزا 

 حطبٛق طزٚقت ًَٕ انًُاطق نخقسٛى انصٕرة 

 

KEYWORDS: Image Segmentation, 3-D Multiwavelet, Symmetry, Orthogonality, Region growing 

methods, and Seed point.  

 

INTRODUCTION 

Image segmentation is important research area in computer vision. Several segmentation 

methods are based on two basic properties of the pixels in relation to their local neighborhood: 

discontinuity and similarity. Method based on pixel discontinuity is called boundary-based methods 

whereas methods based on pixel similarity are called region-based methods [Pajdla  2004]. 
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Several image segmentation algorithms have been proposed in the last 30 years. In this research 

related work are listed below:        

"Testing of Image Segmentation Methods" 

In this paper, an approach is developed which allows quantitative and qualitative estimation of 

segmentation programs. It consists in modeling both difficult and typical situations in image 

segmentation tasks using special sets of artificial test images. The description of test images and 

testing procedures are given [GRIBKOV 2008].  

 

"Multi-class image segmentation using Conditional Random Fields and Global Classification" 
A key aspect of semantic image segmentation is to integrate local and global features for the 

prediction of local segment labels. An approach is presented to multi-class segmentation which 

combines two methods for this integration: a Conditional Random Field (CRF) which couples to 

local image features and an image classification method which considers global features [Plath 

2009].  

"VARIATIONAL APPROACH TO IMAGE SEGMENTATION" 

This paper focuses on a second order functional depending on free discontinuity and free gradient-

discontinuity, whose minimizers provide a variational solution to contour detection problem in 

image segmentation [Carriero 2009].  

 

"Optimization-Based Image Segmentation by Genetic Algorithms" 

Many works in the literature focus on the definition of evaluation metrics and criteria that enable to 

quantify the performance of an image processing algorithm. These evaluation criteria can be used to 

define new image processing algorithms by optimizing them. In this paper, general scheme it 

proposed to segment images by a genetic algorithm. The developed method uses an evaluation 

criterion which quantifies the quality of an image segmentation result. The proposed segmentation 

method can integrate a local ground truth when it is available in order to set the desired level of 

precision of the final result [Chabrier 2008].  

 

"Image Segmentation by Branch-and-Mincut" 

The main contribution of this paper is a new global optimization framework for a wide class of such 

energies. The framework is built upon two powerful techniques: graph cut and branch-and-bound. 

These techniques are unified through the derivation of lower bounds on the energies. Being 

computable via graph cut, these bounds are used to prune branches within a branch-and-bound 

search [Victor 2008].  

 

"Image Segmentation Method Using Thresholds Automatically Determined from Picture 

Contents" 

This work develops an image segmentation method based on the modified edge-following scheme 

where different thresholds are automatically determined according to areas with varied contents in a 

picture, thus yielding suitable segmentation results in different areas [Yuan 2009].  

"Non-Parametric Probabilistic Image Segmentation" 

The proposed model is principled, provides both hard and probabilistic cluster assignments, as well 

as the ability to naturally incorporate prior knowledge. While previous probabilistic approaches are 

restricted to parametric models of clusters (e.g., Gaussians) it eliminates this limitation. The 

suggested approach does not make heavy assumptions on the shape of the clusters and can thus 

handle complex structures. Our experiments show that the suggested approach outperforms 

previous work on a variety of image segmentation tasks [Andreetto 2007]. 

http://conflate.net/icml/author/plath_nils
http://www.hindawi.com/43165073.html
http://www.hindawi.com/81597972.html
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"Semi-automatic Handwritten Word Segmentation Based on Character Width 

Approximation via Maximum Likelihood Method and Regression Model"                             
This paper presents a method of word image segmentation into images of individual characters. The 

method is semi-automatic; because it requires that the character sequence constituting the word on 

the image is know. It is assumed that widths of the characters in the alphabet are random variables 

and that the parameters of probability distribution are specific for each character [Springer 2008].  

"Unsupervised Segmentation of Natural Images via Lossy Data Compression" 

We cast natural-image segmentation as a problem of clustering texture features as multivariate 

mixed data. We model the distribution of the texture features using a mixture of Gaussian 

distributions. Unlike most existing clustering methods, we allow the mixture components to be 

degenerate or nearly-degenerate. We contend that this assumption is particularly important for mid-

level image segmentation, where degeneracy is typically introduced by using a common feature 

representation for different textures in an image. We show that such a mixture distribution can be 

effectively segmented by a simple agglomerative clustering algorithm derived from a lossy data 

compression approach. Using either 2D texture filter banks or simple fixed-size windows as texture 

features, the algorithm effectively segments an image by minimizing the overall coding length of 

the feature vectors. We conduct comprehensive experiments to measure the performance of the 

algorithm in terms of visual evaluation and a variety of quantitative indices for image segmentation. 

The algorithm compares favorably against other well-known image segmentation methods on the 

Berkeley image database [Hong 2007]. 

 

 "A Variational Level Set Approach to Segmentation and Bias Correction of Images with 

Intensity In homogeneity" 

This paper presents a variational level set approach to joint segmentation and bias correction of 

images with intensity inhomogeneity. Our method is based on an observation that intensities in a 

relatively small local region are separable, despite of the inseparability of the intensities in the 

whole image caused by the intensity in homogeneity [Chunming 2008].  

 

THE PROPOSED METHOD OF SEGMENTATION: 
Image segmentation is a set of segments that collectively cover the entire image, or a set of 

contours extracted from the image. Each of the pixels in a region is similar with respect to some 

characteristic or computed property, such as color, intensity, or texture. Adjacent regions are 

significantly different with respect to the same characteristic(s) [Linda 2001].  

Applications some of the practical applications of image segmentation are [Wikipedia 2009]: 

 Medical Imaging 

o Locate tumors and other pathologies  

o Measure tissue volumes  

o Computer-guided surgery  

o Diagnosis  

o Treatment planning  

o Study of anatomical structure  

 Locate objects in satellite images (roads, forests, etc.)  

 Face recognition  

 Fingerprint recognition  

 Traffic control systems  

 Brake light detection  

 Machine vision 

http://en.wikipedia.org/wiki/Contour_line
http://en.wikipedia.org/wiki/Color
http://en.wikipedia.org/wiki/Intensity
http://en.wikipedia.org/wiki/Texture_(computer_graphics)
http://en.wikipedia.org/wiki/Adjacent
http://en.wikipedia.org/wiki/Medical_Imaging
http://en.wikipedia.org/wiki/Face_recognition
http://en.wikipedia.org/wiki/Fingerprint_recognition
http://en.wikipedia.org/w/index.php?title=Traffic_control_systems&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Brake_light_detection&action=edit&redlink=1
http://en.wikipedia.org/wiki/Machine_vision
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The proposed image segmentation is shown below in fig. (1): 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Fig. (1): The diagram of the proposed method 
 

3-D Multiwavelet Transform:  

In this paper, the proposed an approach is 3-D multiwavelet transformation as an image 

extraction tool for segmenting images.  

The general form for the procedure of 3-D FDMWT [Hadeel 2005]:- 

The algorithm is initially run in x-direction, row by row for all slices. The algorithm splits the 

volume into two halves, the left half representing the low-frequency coefficients while the right half 

represents the detail coefficients. In the second stage of the algorithm, the entire volume is then 

again transformed in y-direction splitting the volume into four quadrants. For the final run, the 

volume is transformed in z-direction splitting the volume into eight octants. The upper left front 

octant contains the low-frequency coefficients that are initially transmitted over the network.  

 

3 Dimensional Multiwavelet Computations 
 

 

 

1- Let                         X = 

 

 

 

2- Apply 2-D DMWT to each NXN input matrix, which result in a 2NX2NXM matrix. 
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Apply 3D Multiwavelet 

Apply region growing 

method 

Output Image 

Apply 2-D DMWT to each NXN input 

matrix 

Apply 1-D DMWT algorithm to each 

2Nx2N 

Continue until all pixels have been included with 

one of the starting points 

Select seed pixels within the image 

From each seed pixel grow a region 
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3- Apply 1-D DMWT algorithm to each 2Nx2N (64 element) in all M matrices in z-direction. This 

can be done as follows: 

a. For each i,j construct the Mx1 input vector    T
Mjijijiji dcbajiY




1,,,,,   where   

Nji ,,2,1,0,   

      b. Preprocessing the input vector by repeating the input stream. 

c. Constructing a 2Mx2M transformation matrix using GHM low and high pass filters.  

d. Apply matrix multiplication to the 2Mx2M constructed transformation matrix by the 2Mx1 

preprocessing input vector. 

e. Permute the resulting 2Mx1 matrix   

4- Repeat step 3 for all i, j.  

5- Finally, a 2Nx2Nx2M DMW matrix results from the NxNxM original matrix using repeated row 

preprocessing.  

 

Advantages of Multiwavelet: 

Some reasons for choosing multiwavelets can be shown as follows [Hadeel 2005]: 

 3-D FDMWT decreases the number of variables to manageable size, at the same time, 

retaining as much discriminatory information as possible. 

 Multiwavelets can be used to reduce restrictions on the filter properties. But a scalar wavelet 

cannot simultaneously have both orthogonality and a symmetric impulse response that has 

length greater than 2. Symmetric filters are necessary for symmetric signal extension, while 

orthogonality makes the transform easier to design and implement. 

 The length and the number of vanishing moments are directly linked to the filter length for 

scalar wavelets.  

 Multiwavelets are able to possess the best of all these properties simultaneously. For 

example, the GHM multiwavelet is orthogonal, has second order of approximation, has 

symmetric scaling and wavelet functions (and thus symmetric filters), and has short support 

for both of its scaling functions. But scalar wavelet impossible support for these properties. 

 Multiwavelets better than scalar wavelet because they can give performance comparable to 

scalar wavelets with shorter filters of the length of half. Thus for the same quality of 

decomposed levels multiwavelets require about half the number of operations. 

Region Growing Method 

The first region growing method was the seeded region growing method. This method takes 

a set of seeds as input along with the image. The seeds mark each of the objects to be segmented. 

The regions are iteratively grown by comparing all unallocated neighboring pixels to the regions. 

The difference between a pixel's intensity value and the region's mean, δ, is used as a measure of 

similarity. The pixel with the smallest difference measured this way is allocated to the respective 

region. This process continues until all pixels are allocated to a region [Dzung 2000]. 

Seeded region growing requires seeds as additional input. The segmentation results are 

dependent on the choice of seeds. Noise in the image can cause the seeds to be poorly placed. 

Unseeded region growing is a modified algorithm that doesn't require explicit seeds. It starts off 

with a single region A1 – the pixel chosen here does not significantly influence final segmentation. 

At each iteration it considers the neighboring pixels in the same way as seeded region growing. It 

differs from seeded region growing in that if the minimum δ is less than a predefined threshold T 

then it is added to the respective region Aj. If not, then the pixel is considered significantly different 

from all current regions Ai and a new region An + 1 is created with this pixel [Dzung 2000]. 

 

http://en.wikipedia.org/wiki/Region_growing
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Basic Concept of Seed Point 

First of all, it chooses a set of seed points. And the initial region now is the exact location of 

these seeds [Wikipedia 2009]. 

Then the regions are grown from these seed points to adjacent points depending on a 

threshold or criteria we make. The threshold could be made by user. It could be intensity, gray level 

texture, or color [Wikipedia 2009]. 

There are several important issues about region growing [Wikipedia 2009]: 

b. The suitable selection of seed points is important: The selection of seed points is depending 

on the users. For example, in a gray-level lightning image, it segments the lightning from 

the background.  

c. More information of the image is better: The connectivity or pixel adjacent information is 

helpful for us to determine the threshold and seed points. 

d. The value, “minimum area threshold”: No region in region growing method result will be 

smaller than this threshold in the segmented image. 

e. The value, “Similarity threshold value“: If the difference of pixel-value or the difference 

value of average gray level of a set of pixels less than “Similarity threshold value”, the 

regions will be considered as a same region. The criteria of similarities or so called 

homogeneity that it chooses are also important. It usually depends on the original image and 

the segmentation result it want. 

Region Growing Algorithm: 

    1. Select seed pixels within the image. 

    2. From each seed pixel grow a region. 

      2.1. Set the region prototype to be the seed pixel. 

      2.2. Calculate the similarity between the region prototype and the candidate pixel; 

      2.3. Calculate the similarity between the candidate and its nearest neighbour in the region; 

      2.4. Include the candidate pixel if both similarity measures are higher than experimentally-set    

             thresholds; 

      2.5. Update the region prototype by calculating the new principal component; 

      2.6. Go to the next pixel to be examined. 

Examples of region growing shown in fig. (2) and fig. (3): 

 Starts with a set of seeds (starting pixels) 

 Predefined seeds 
 All pixels as seeds 
 Randomly chosen seeds 

 Region growing steps (bottom-up method) 

 Find starting points 

 Include neighboring pixels with similar features (grey-level, texture, color), a similarity 

measure must be selected. 

 Continue until all pixels have been included with one of the starting points. 

 

 

 

http://en.wikipedia.org/w/index.php?title=Seed_points&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Gray-level&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Seed_points&action=edit&redlink=1
http://en.wikipedia.org/wiki/Gray_level
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Fig. (2) and Fig. (3): Region growing examples 

 

RESULTS AND DISCUSSIONS 

In this paper an image of size (512 X 512) pixels divided into four parts of size (256 X 256) 

pixels, and then applied 3D-multiwavelete for each part in Matlab V.2008a, as shown below in fig. 

(5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           Fig. (4): Original image                 Fig. (5): After apply 3D Multiwavelet of the second part 
 

After that Sobel filter used to detect the edge of the LH band for the second part. The gradient of the 

Sobel filter is high at the borders of objects and low inside the objects. As shown in fig. (7): 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. (6): The LH band of the second part          Fig. (7): After apply Sobel Filter to the LH band 
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The resulting image of Sobel filter show the intensity gradients for each pixel in the LH 

band, then the final step of this work is implement the region growing method to this result by 

taking seed point and for each seed pixel grow a region by adding neighboring pixels that have 

properties similar intensity to seed. The region grows based on similarity criteria and stops growth 

when no more neighboring pixels satisfy this criterion, for this algorithm a threshold of 0.2 value 

can be used for stopping, when the intensity difference for all neighboring pixels is above this 

threshold, growth the region stops. The value of threshold is taken from several experiments of this 

algorithm.  Thus the result is As shown in fig. (8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8): After apply region growing method of the result of Sobel filter 

 

This application differs from other related work in applying 3D multiwavelet before image 

segmented for many reasons are referred to in this paper. 
 

 

 

CONCLUSION 

In this paper a discrete multiwavelet technique is used for the image features extraction. 

Multiwavelet offers the advantages of combining symmetry, orthogonality which can not be 

achieved by scalar two-channel wavelet systems of the same time. Then, this output is segmented in 

region-growing method.   

Because this method presents several advantages over other color image segmentation 

algorithms. First, it is based on the concept of color vector angle; the vector angle is a shading-

invariant color similarity measure, implying that intensity variations will be discounted in the region 

growing process, which is clearly not the case when using the Euclidean distance. Secondly, since 

spatial information is taken into account, regions having a slightly different color, but still spatially 

distinct, should appear as separate regions due to the region growing process. 
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ABSTRACT 

The present study deals with the removal of dyes from the effluent of the state company for 

cotton textile industries located at Al-Khadmya by using oven dried alum sludge (ODS) as 

adsorbent. Two different dyes; Direct black and solar brown are studied. Alum sludge was 

collected from Al-Qadisiya water treatment plant; it was heated in an oven at 105°C for 24 hours, 

then cooled at room temperature and crushed to produce particle sizes of 1.18-2.36 and 4-4.75 mm. 

Batch and fixed bed mode were used. In batch experiments the effect of oven dried alum sludge 

weight on adsorption process and equilibrium isotherm were studied by using 15-125 g/l of oven 

dried alum sludge for direct black and 15-175 g/l for solar brown, with constant initial dyes 

concentration of 10 mg/l and constant particle size of 4-4.75 mm. Batch kinetics experiments 

showed that equilibrium time was about 12-14 days. The three models Freundlich, Langmuir and 

Freundlich-Langmuir gave good fitting for the adsorption capacity. In the fixed bed isothermal 

adsorption column, the effect of initial dye concentration (Co), particle size, influent flow rate (Q) 

and bed depth (H) were studied. The results showed that the oven dried alum sludge was effective 

in adsorbing dyes with removal efficiency ranged between 90% to 92%.  

:الخلاصة  

رٌ في هزا اىجحث دساسخ قبثييخ أطيبُ اىشت اىَعبىجخ حشاسيب عيى أٍزضاص ورقييو اىيىُ ٍِ اىَيبٓ اىَطشوحخ ٍِ اىششمخ 

 .solar brownو  direct black الأصجبغ اىزي رٌ اسزخذاٍهب في اىذساسخ هي .اىعبٍخ ىيصْبعبد اىقطْيخ في ٍذيْخ اىنبظَيخ

رٌ ٍعبىجخ أطيبُ اىشت حشاسيبً في فشُ . ب قذ جَعذ ٍِ ٍششوع اىقبدسيخ ىَعبىجخ اىَيبٓ في ثغذادأطيبُ اىشت اىزي رٌ اسزخذاٍه

ً 105ثذسجخ حشاسح 
o

رٌ . ٍي4.75ٌ-4و 2.36-1.18اىى دسجخ حشاسح اىغشفخ ثٌ رنسيشٓ اىى حجىً  ىيجشدسبعخ ورشك  24وىَذح  

 رٌ دساسخ اىَْط اىذفعيرجبسة  في. فعي ورجبسة اىَْط اىَسزَشاسزخذاً َّطيِ ٍِ اىزشغيو في هزا اىجحث وهي رجبسة اىَْط اىذ

 direct black خىصجغىزش ٍِ اىَبدح اىََزضح /غٌ 125-15 ثبسزخذاً عيى عَييخ الأٍزضاص رأثيش مَيخ أطيبُ اىشت اىَعبىجخ حشاسيبً 

-4ثبثذ ىجضيئبد اىَبدح اىََزضح ىزش وحجٌ / ٍيغٌ 10الاثزذائي  اىصجغخثثجىد رشميض  solar brownىصجغخ  ىزش/غٌ 175 -15و

مزىل أظهشد اىْزبئج اُ . رضداد ثضيبدح مَيخ أطيبُ اىشت اىَعبىجخ حشاسيبً  الأصجبغ إصاىخ، أظهشد اىْزبئج اُ ّسجخ  ٍيٌ 4.75

 Langmuir, Freundlich)، رٌ رحييو اىْزبئج ثبسزخذاً ٍىديلاد يىً 14اىى  12اىىصىه اىى حبىخ اىزعبده رسززغشق رقشيجبً 

and Langmuir-Freundlich )رٌ دساسخ  رجبسة اىَْط اىَسزَشفي  .وأظهشد اىْزبئج اُ جَيع اىَىديلاد راد رقبسة جيذ

ىقذ . عيى عَييخ الأٍزضاص ٍزضاصلأجشيبُ واسرفبع عَىد ااىٍعذه والاثزذائي وحجٌ جضيئبد اىَبدح اىََزضح  الأصجبغرأثيش رشميض 

 الأصجبغ رزشاوح ثيِىج حشاسيبً فعبه في اٍزضاص الاصجبغ ٍِ ٍيبٓ اىصشف ومبّذ ّسجخ اصاىخ أظهشد اىْزبئج اُ أطيبُ اىشت اىَعب
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INTRODUCTION 

Textile industries use large amount of water and chemicals for the finishing and dying 

processes. The chemical structures of dyes vary enormously and some have complicated aromatic 

structures that resist degradation in conventional wastewater treatment processes because of their 

stability to sunlight, oxidizing agents, and microorganisms. Dye wastewater usually consists many 

of contaminants, including acids, bases, dissolved solids, toxic compounds and color. Color is the 

most noticeable contaminant even at low concentrations, and it needs to be removed or decolorized 

before the discharging the wastewater (Chu, 2001). Wastewater from textile and tannery effluents 

attracts attention of environmental protection agencies all over the world. Many methods have been 

used to treat wastewaters from effluents. Physical and chemical methods are considered very 

expensive in terms of energy and reagents consumption. Another account that limits their use is the 

excessive sludge they generate (Yakubu et al., 2008). Adsorption has been found to be superior to 

other techniques for water re-use in terms of initial cost, simplicity of design, ease of operation and 

insensitivity to toxic substances. At the present time, there is a growing interest in using low-cost, 

commercially available materials for the adsorption of dyes (Yavuz and Aydin, 2006). Alum sludge 

is a waste material generated during the coagulation / sedimentation process in drinking water 

treatment plant. This sludge contains precipitated alum hydroxides and the some contaminants 

related to the raw water chemistry (Galarneau and Gehr, 1997). The adsorbents are usually used in 

the fixed bed process because of the ease of operation. To design and operate a fixed bed 

adsorption process successfully, the column dynamics must be understood, that is the breakthrough 

curves under specific operating conditions must be predictable (Markovska and Meshko, 2001).  

Abbas H. (2005) investigated the capability of activated alumina from bauxite compared 

with activated carbon adsorption capability to reduce the color from wastewater of textile company 

(Al- Hilla- Babel). The results showed that the adsorption process which using activated carbon 

insuring a good degree of reduction of color (99.7%) and is better than activated bauxite which 

reach (95%) removal percentage. Also, the capacity of adsorption increased with increase of bed 

depth and decrease in flow rate.  

Ibtehal K. (2002) reported the treatment and recycling of industrial wastewater from cotton 

textile industry in Iraq which contains three different dyes namely, direct blue, sulphur black and 

vat yellow. Two dyes removal methods were used, chemical coagulation and adsorption onto 

activated carbon. The results showed that the best chemical coagulant for complete dye removal 

was found to be aluminum sulphate. Also adsorption onto granular activated carbon was found to 

be very effective for dyes removal. 

Sarmad A. (2009) investigated the removal of phosphorous from wastewater by using oven 

dried alum sludge. The results showed that the oven dried alum sludge were effective for adsorbing 

phosphorous and the removal percentage was up to 85%.  

The present study deals with the removal of dyes from the effluent of textile company (Al-

Khadmya- Baghdad) using oven dried alum sludge (ODS) as adsorbent. Two dyes, direct black and 

solar brown which are mainly used in this industry will be tested to study the different variables 

affecting the adsorption behavior.     

  

EXPERIMENTAL WORK 

 

Materials: 

 

- Adsorbent: In this research alum sludge was collected from Al-Qadisiya treatment plant, 

Baghdad, Iraq. The alum sludge was tested in Ibn Sina State Company to determine the inorganic 

contents. Table 1 represents the combination of this sludge. 
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Table 1: Inorganic materials in alum sludge 

 

Constituent Weight percent,% Constituent Weight percent,% 

Aluminum 3.38   Zinc 0.0098   

Iron 0.819  Lead 0.0001   

Manganese 0.16   Barium 0.0001   

Chromium 0.013   Arsenic 0.0002   

Vanadium 0.002   - - 

 

Alum sludge was heated in an oven at 105
o 

C for 24 hours, and then dried sludge was 

cooled to room temperature, crushed to produce particle sizes of 1.18-2.36 and 4-4.75 mm. The 

physical properties of these particles are listed in Table 2. 

 

Table 2: Physical properties of oven dried alum sludge 

 

Property Oven dried alum sludge 

Bulk density (kg/m
3
) 786.7 

Particle porosity 0.7 

Bed porosity 0.65 

BET surface area (m
2
/g) 191 

 

Tests for Characterizing Oven Dried Alum Sludge 

 

(A) IR Spectroscopy: The samples for infrared spectra (Bruker Vector FT-IR spectrometers) were 

prepared with methylene chloride (CH2Cl2) mulls on CsI plates. Vibrational spectra were reported 

in wavelengths (cm
-1

) against ranked infrared absorption, values of wavelengths at peak correspond 

to the characteristics of active groups present on the surface of the sludge. This test was done in 

University of Baghdad/ College of science / Chemistry dept. and the results are shown in Fig. 1. 
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Fig. 1: IR Spectroscopy of ODS 

 

 

 

(B) X-Ray Diffraction: X-Ray powder diffraction patterns of oven dried alum sludge (ODS) were 

obtained from gently pressed specimens of random powder particles that are less than 0.45 μm. 

Powder X-ray diffraction data were collected from 10 to 60° 2 with a Nicolet X-ray powder 

diffract meter (graphite monoachromatized Cu KR radiation, 0.05° 2 step size, and 2-s count time 

per steps), this test was performed also in University of Baghdad/ College of science / Chemistry 

dept. and the results obtained are shown in Fig. 2. 
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Fig. 2: X-ray diffraction of ODS 

 

(C) Specific Surface Area: In practice, the method used for determining the specific surface area 

is the BET (Brunauer, Emmett and Teller) method based on the physical adsorption of an inert gas 

at constant temperature of liquid nitrogen. This test was done in the Research of oil and 

development center. 
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(2.1.3) Adsorbate: Two direct dyes were used as adsorbate; direct black and solar brown.  The 

concentrations of the two dyes were measured with Shimatzu UV Spectrophotometer at wave 

length corresponding to the maximum absorbance for each dye, 566 nm for direct black and 419 

nm for solar brown. According to the Lambert-Beer law, the absorbance was found to vary linearly 

with concentration.  

 

Experimental Modes  
 

- Batch Experiments 

Batch experiments were used to obtain the equilibrium isotherm curves and then the 

equilibrium data. In batch mode the following experiments were carried out: 

 Effect of oven dried alum sludge (ODS) weight on the adsorption process. 

 Equilibrium isotherm experiments. 

All experiments were carried out at 25
o 

C
 
±1. Six 1 L flasks were used for each dye. For 

experiments conducted with an initial dye concentration of 10 mg/L, alum sludge was used in 

concentration of 15, 35, 55, 75, 95 and 125 g/l for the direct black and 15, 55, 95, 125, 150 and 175 

g/l for the solar brown. Samples were taken from the flasks and tested. Dye that was lost from the 

solution was assumed to be adsorbed onto the adsorbents. Data obtained from batch tests were 

conducted on deionized water fitted to Freundlich, Langmuir and Freundlich-Langmuir adsorption 

isotherm equations. 

 

- Fixed Bed Column Experiments 

Column experiments were carried out for various initial dye concentrations (Co), particle 

size (dp), flow rate (Q) and bed depth (H) to measure the breakthrough curves for the systems. 

The fixed bed adsorber studies were carried out in Q.V.F. glass column of 2 in. (50.8 mm) 

I.D. and 700 mm in height. The oven dried alum sludge (ODS) was confined in the column by fine 

stainless steel screen at the bottom and a glass cylindrical packing at the top of the bed to ensure a 

uniform distribution of influent through the adsorbent. The influent solution was introduced to the 

column through a perforated plate, fixed at the top of the column. 

The experimental procedure was as follow: 

 The oven dried alum sludge was placed in the adsorption column for the desired bed depth 

and particle size. 

 The wastewater with the desired concentration of dye was prepared in the feed container, 

using distilled water. 

 The wastewater was pumped to the adsorption column through the calibrated rota meter at 

the desired flow rate. 

 Samples were taken periodically and the concentration of dye in these samples was 

measured using an UV spectrophotometer. 

 The breakthrough curves were determined by plotting effluent concentrations (C/Co) 

against time (t). The schematic diagram of the experimental set-up is shown in Fig. 3. 

 

 



Journal of Engineering Volume 16 June  2010       Number   2 
 

 

 
 

5255 

                                  

 

Fig. 3: Schematic diagram of experimental set-up 

         

RESULTS AND DISCUSSION 

 

Batch experiments 

(i) Adsorption isotherms: Adsorption isotherm studies were performed to obtain equilibrium 

isotherm curves and data required for the design and operation of the fixed bed adsorber. The 

adsorption isotherm curves were obtained by plotting the weight of the solute adsorbed per unit 

weight of the adsorbent (qe) against the equilibrium concentration of the solute (Ce). Figs. 4 and 5 

show the adsorption isotherm curves for adsorption of direct black and solar brown dyes onto oven 

dried alum sludge at 25
o
 C respectively. 

The obtained data of both dyes were fitted with Langmuir, Freundlich and Langmuir-

Freundlich models. The Langmuir model describing adsorption can be described as (Weber and 

Walter, 1972):        

eCa1

eCba

m

x


                                                                                                                         (1)                                                                                                              

The Freundlich adsorption model is of the form (Weber and Walter, 1972): 

 

1/n
eCK

m

x
                                                                                                                         (2) 

Combination of Langmuir-Freundlich Isotherm Model, i.e. the Sips model for single 

component adsorption (Sips, 1984) is: 

 

 
1/n

ebC1

1/n
eCmbq

eq


                                                                                                                   (3)  
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 The parameters for each model were obtained from a non-linear statistical fit of the 

experimental data. All parameters with their correlation coefficients are summarized in Table 3.  

 

Table 3: Isotherm parameters for dyes adsorption onto ODS. 

 

Direct black Solar brown 

 Model Parameters Values Model Parameters Values 

Langmuir 

(1) 

a 0.002305 

Langmuir 

(1) 

a 0.000716 

b  33546.28 b  68852.21 

Correlation 

coefficient (R) 
0.9921 

Correlation 

coefficient (R) 

0.9869 

Freundlich 

(2) 

K  146.3275 

Freundlich 

(2) 

K  230.243 

n  0.899925 n  0.782 

Correlation 

coefficient (R) 
0.9941 

Correlation 

coefficient (R) 

0.9948 

Combination of 

Langmuir-

Freundlich (3) 

qm  16817.88 

Combination of 

Langmuir-

Freundlich (3) 

qm  12605.77 

b  0.008702 b  0.018267 

n  0.899915 n  0.7819 

Correlation 

coefficient (R) 
0.9942 

Correlation 

coefficient (R) 

0.9973 

 

From the statistical analysis, high values of the correlation coefficients were found. 

Indicating that adsorption of dyes by oven dried alum sludge could be well described by the three 

isotherm models. The correlation coefficients were in the range 99.21-99.42% for direct black and 

98.69-99.73% for solar brown at 10 mg/l initial dye concentration. The three models Freundlich, 

Langmuir and Freundlich-Langmuir gave good fitting for the adsorption capacity.  

 

(ii) Effect of Mass of Oven Dried Alum Sludge on the Adsorption Process: The effect of 

mass of oven dried alum sludge on adsorption of dyes at constant adsorbate concentration was 

studied. The results of the dependence of dyes on the mass of oven dried alum sludge of size 4-4.75 

mm at 25
o 

C are shown in Figs. 6 to 9. These figures show that the removal percentage of each dye 

increased with increasing the weight of the oven dried alum sludge. The increase in the removal 

percentage of each dye is due to the greater availability of adsorption sites or surface area of 

adsorbent. An identical trend was observed by other investigations (Kim et al., 2003a and Maruf et 

al., 2006). 

To reach 90% removal of direct black dye a mass of 125 g/l of ODS should be used, as for 

solar brown, 175 g/l is required. 

 

Fixed bed experiments: 

 

(i) Effect of initial dye concentration: The initial dye concentration of the influent is 

important since a given mass of adsorbent can only adsorb a fixed amount of the dye. Therefore, 

the more concentrated the influent is, the smaller is the volume of effluent that a fixed mass of 

adsorbent can purify. So experiments were undertaken to study the effect of varying the initial dye 

concentration on the rate of dye adsorption and are shown in Figs. 10 and 11. The initial dye 

concentration in the inlet flow is one of the limitation factors and a main process parameter. 

Increasing the inlet dye concentration increases the slope of the breakthrough curve and makes it 

much steeper, reducing the volume of the effluent treated and reducing the throughput until 

breakthrough. This may be caused by saturation of adsorbent more quickly with high dye 
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concentrations; there by decreasing the breakthrough time, the rate of diffusion is controlled by the 

concentration gradient, so a longer contact time is required to reach saturation for the case of low 

values of initial solute concentration. Wastewater treatment is limited by the breakthrough point or 

the dynamics of reaching that point. These systems have a small time delay with higher 

concentrations in the inlet, so the dye solutions have to be diluted before separation for better 

removal. The same conclusions were obtained by (Markovska and Meshko, 2001 and Maruf et al., 

2006). 

 

(ii) Effect of volumetric flow rate: In the design of a fixed bed adsorption column, the 

contact time is the most significant variable. Therefore, the bed depth and the dye flow rate are the 

major design parameters (Markovska and Meshko, 2001). The effect of volumetric flow rate was 

investigated for both dyes and the breakthrough curves are presented in Figs. 12 and 13. Increasing 

the flow rate from 1 to 3 l/h caused a reduction in the breakthrough time to about the half. It 

decreased from 800 to 400 min for the direct black and 1200 to 600 min for solar brown. It is 

obvious that increasing the flow rate decreases the treated volume reaching the breakthrough point 

and therefore the service time of the bed. This is due to the decreased contact time between the dye 

and the adsorbent at higher flow rate. Increasing the flow rates may be expected to make reduction 

of the surface film. Therefore, this will decrease the resistance to mass transfer and increase the 

mass transfer rate, resulting of easy passage of the adsorbate molecules through the particles and 

entering easily to the pores. These results agree with that obtained by (Kim et al., 2003a; Maruf et 

al., 2006, Sarmad, 2009). 

 

(iii) Effect of bed height: The effect of bed depths were investigated for dyes adsorption 

onto the oven dried alum sludge; the experimental breakthrough curves are presented in Figs. 14 

and 15 for both dyes. The breakthrough curves were obtained for different bed depths 15 30 40 and 

50 cm at a constant flow rate 1 l/h and constant dye concentration of 10 mg/l. It is clear that 

increasing the bed depth increases the breakthrough time and the residence time of the solute in the 

column, providing greater surface area for adsorption (Malkoc and Nugoglu, 2006). 

Increasing the depth from 15 to 40 cm for direct black and 15 to 50 cm for solar brown as 

shown in Figs. 14 and 15 increased the breakthrough time from 400 to 800 min for the two dyes.  

A comparison in Figs. 16 and 17 for the two dyes, where bed depths are different but the 

residence time was kept constant by changing the flow rate. These results show that increasing the 

fluid velocity had no significant effect. Thus, the residence time in the column is more effective in 

improving the removal efficiency. 

 

(iiii) Effect of particle size: Using adsorbent particles of smaller sizes will eliminate 

interparticle mass transfer resistance, so that the rate determining step is diffusion through the film 

around each particle. The effect of varying the particle size was investigated and the experimental 

breakthrough curves are presented in Figs. 18 and 19 for both dyes. The breakthrough curves were 

obtained for different particle sizes 1.18-2.36, 4-4.75 mm at a constant initial concentration of the 

dyes 10 mg/l, bed depth and constant flow rate 1 l/h. The experimental results showed that fine 

particle sizes 1.18-2.36 mm showed a higher dye removal than the coarse particle sizes 4-4.75 mm. 

This was due to the large surface area available for adsorption when using fine particles. 

 

CONCLUSIONS: 
The present study has led to the following conclusions: 

 Oven dried alum sludge was effective in adsorbing dyes from deionized water. 

 In batch experiment the removal percentage of dyes increases 90-92 % with increasing in 

the oven dried alum sludge dose 125-175 gm/l. 
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 Batch kinetics experiments showed that equilibrium time was about 12-14 days without 

mechanical mixing at an initial concentration 10 mg/l and adsorbent weight 125 g/l for 

direct black and 175g/l for solar brown. 

 The isotherm models, Langmiur, Freundlich and Langmiur- Freundlich gave good fitting for 

the adsorption of oven dried alum sludge versus equilibrium concentration of dyes. The 

correlation coefficients (R)
 
obtained from “Satistica Program” for these models were in the 

range of 99.21-99.42% for direct black and 98.69-99.73% for solar brown. 

 In fixed bed experiment, the removal percentage of dyes increased with increasing contact 

time, adsorbent surface area, bed height and decreasing flow rate.  

 

NOMENCLATURE: 

a          Langmiur constant (l/mg) 

b          Langmiur constant (mg/g) 

B          The Brunauer, Emmett and Teller 

C         Concentration of solute in solution at any time (mg/l) 

Ce        Concentration of solute in solution at equilibrium (mg/l) 

C0        Initial concentration of adsorbate (mg/l) 

dp        Adsorbent particle size 

K         Freundlich equilibrium constant indicative of adsorption capacity 

m         Mass of solute adsorbent (g) 

n          Freundlich constant indicative of adsorption intensity 

ODS    Oven dried alum sludge 

H         Bed depth (cm) 

Q         Flow rate (l/h) 

qe         Amount of metal ion adsorbed at equilibrium (mg/g) 

qm The maximum adsorption density in Langmiur equation 

QVF     Quality vessels fabrication 

R          Correlation coefficient 

t           Time (min) 

UV Ultra violet 

x          Mass of solute adsorbed (mg) 
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Fig. 4: Adsorption isotherm 

for direct black onto oven 

dried alum sludge (Co=10 

ppm, Temp. =25
o 

C) 
 

Fig. 5: Adsorption isotherm 

for solar brown onto oven 

dried alum sludge (Co=10 

ppm, Temp. =25
o
 C) 
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Fig. 6: Variation of direct black 

concentrations with time of 

batch tests (Co=10 ppm, Temp. 

=25
o 

C, particle size=4 mm) 
 

Fig. 7: Variation of solar brown 

concentrations with time of batch 

tests (Co=10 ppm, Temp. =25
o 

C, 

particle size=4 mm) 
 

Fig. 8: the effect of ODS on direct 

black removal (Co=10 ppm, Temp. 

=25
o
 C, particle size=4 mm) 

 

Fig. 9: the effect of ODS on solar brown 

removal (Co=10 ppm, Temp. =25
o 

C, 

particle size=4 mm) 
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Fig. 10: Experimental breakthrough 

curves for adsorption of direct black 

onto ODS at different initial 

concentration 
 

Fig. 11: Experimental breakthrough 

curves for adsorption of solar brown 

onto ODS at different initial 

concentration 
 

Fig. 12: Experimental breakthrough 

curves for adsorption of direct black 

onto ODS at different flow rates 
 

Fig 13: Experimental breakthrough 

curves for adsorption of solar brown 

onto ODS at different flow rates 
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Fig. 14: Experimental breakthrough 

curves for adsorption of direct black 

onto ODS at different bed depth 
 

Fig. 15: Experimental breakthrough 

curves for adsorption of solar brown 

onto ODS at different bed depth 
 

Fig. 16: Experimental breakthrough 

curves for adsorption of direct black 

onto ODS at constant residence time 
 

Fig. 17: Experimental breakthrough 

curves for adsorption of solar brown 

onto ODS at constant residence time 
 

Fig. 18: Experimental breakthrough 

curves for adsorption of direct black 

onto ODS at different particle size 

 

 

Fig. 19: Experimental breakthrough 

curves for adsorption of solar brown 

onto ODS at different particle size 
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ABSTRACT 

   

 This study is concerned with the derivation of differential equation of motion for the free coupled 

vertical – torsional and lateral vibration of opened thin-walled curved beams. The curved beam to be 

considered in this study is of isotropic opened thin – walled (I) section with equal top and bottom 

flanges. 

   The derivation depends on Hamilton's principle which required finding the potential and kinetic 

energy of the curved beam section due to internal stresses and all types of movements 

(Vertical,Torsional and Lateral) .The effect  of restrained warping displacement  is also considered in 

this study. 

   Three differential equations are derived for vertical, torsional and lateral movement .and approximate 

solutions are developed by using the method of multiple scale via a perturbation technique. The 

resulting natural frequencies and modes for vertical , torsional and lateral movements are compared 

with those calculated by using finite element  approach ( STAAD Pro. 2007 ) and with the results other 

studies. 

 

 

 :الخلاصة  

 

 Vertical,Torsional and)ملٌد  ًاتلتلٌا و ًاتيقلو عشاساح الحلزث ةاتتالاه التعنى ىذه الذراسج ةاشتقاق المعادلج التفاضليةج لهىتل

Lateral )ةٌاسلةج اليحلا   ضلياعًتختص ىذه الذراسج ةالاسلٌر المقٌسلج التلو تت لٌ  فلئ  لفا ة رشةقلج تبل   فل  ة, لياسٌر المقٌسج

 (.I)لت ٌ  فقاط  ففتٌحج ةب   الحزف 

يو اشتقاق المعادتح التفاضيةج ةصٌرث ر ةسج ًشذ تةيب ىلذا احتسلاا الةاشلج ال افنلج ( Hamilton's principle)اعتمذ فتذا ىافيتٌ  

 شلذً, الحزكج الناتاج علئ اتىتلشاس الحلز  أنواعًالحزكةج المتٌلذث يو فقة  الاسز المقٌص نتةاج اتجياداح المتٌلذث يةو ًنتةاج لامة  

 . يو ىذه الذراسج(   Warping Displacement)  الحزكج اتلتٌا ةج ليمقة تقةةذحأرَرعتتار خذ ةاتأ

 

وحو  لول  ول م بوا بااوخعما   والأفقوٌو الالخووايٌ  موودًألعحوصل البحذ الي اشخقاق رلاد معادلاث لاخطَت للاهخسازاث الحرة بالاحجاه 

بمزَلاحبوا فوٌ درااواث (  لأطووارواالخردداث الطبَعَت ) إلَباورنج ال خايج الخٌ ح  الخوصل و ق(   Perturbation Technique)طرٍفت 

 . أخرى 
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INTRODUCTION 

 

   Thin-walled beam represents an efficient case for most metal and some concrete structures. Wide 

development in modern structures, especially the needing for long span elements ( with reduced self 

weight) increases the applications of thin-walled beams in the design due to it's substantial flexural 

rigidity more over this type of structure should be carefully analyzed because it has low resistance for 

torsional deformation. 

   History of thin-walled beams stared in 1961 when Vlasov 
(15)

, derived the linear theory of thin-walled 

beam by a set of four ordinary differential equations, and was later employed by Timoshington, S.P., 

and Gere. S. M 
(14)

 to develop the theory of torsional and torsional-flexural instability. 

   Culver 1967
(4)

, studied the vibration of horizontally curved beams in a direction normal to the plane 

of curvature including the effecting of warping. The natural frequencies of prismatic and thin – walled 

opened sections were determined in this study. Rutenberg 1979
(13)

, evaluated the natural frequencies of 

curved thin – walled beams with opened cross sections using two simple hand calculation methods. In 

this study the effecting of shear deformation and flexural rotary inertia were neglected and only the 

vibrations which is normal to a plane of curvature were considered..  

   Yoo and Fehrenbach 1981
(19)

, determined the natural frequencies of thin – walled curved beams by 

using the means of variation procedure to formulate the stiffness relationship taking into consideration 

the effecting of warping contribution. Another study was represented by Yoo 1987
(20)

, in which mass 

matrix of order (12x12) was obtained for curved beam element. Warping contribution to torsional 

behavior has been assessed (in this study) according to the magnitude of a cross – sectional parameter 

(L
2
 G J / E Iw ).   

    Simple closed form solution had been obtained by Roberts, T.M. 1987
(12)

 for the lowest natural 

frequency of flexural, torsional and flexural-torsional vibration of strait thin-walled beams of opened 

cross sections. The beam in this study was under the effect of axial force and moment. The derivation 

depends on an assumption that the sum of potential and kinetic energy (V and KE, respectively) is 

constant. 

   Wekezer J.W. 1987
(16)

, used the finite element method to analyze thin-walled beams of variable 

opened cross sections. The finite element which is considered in this study is a special case of 

membrane shell with internal constants (Vlasov's and Wagner's assumptions). 

   In 1989, Wekezer J.W 
(17)

, developed a general constant mass matrix for thin-walled curved beams of 

constant cross section for the case of small amplitude vibration. Finite elements process was used by 

more than one study (2,8,9) to determine the natural frequencies of curved beams. Ann N. A. 2002
(1)

, 

developed two and three dimensional curved beam elements with six and seven degree of freedom per 

node (the seventh degree of freedom was accomplished for the explicit inclusion of warping). Lumped 

and consistent process were used in this study to developed the mass matrix of order (12x12) and 

(14x14) (for both six and seven degree of freedom, respectively) .  

   Genshu Tong, Qiang Xu. 2002
(7)

, provided a detailed derivation of an exact theory for biaxial ending 

and torsion of thin-walled circularly curved beams with any open profile. The derivation is based on 

two well-accepted assumptions in the theory of thin-walled members. Exact expressions for 

longitudinal displacement, longitudinal normal stress and shear stress and their resultants are presented. 

Simplified theories are also given for practical applications.  
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   Kim N. and Kim M. 2005
(10)

,  presented a curved beam theory based on centroid-shear center 

formulation for the spatially coupled free vibration and elastic analysis .For this, the displacement field 

is expressed by introducing displacement parameters defined at the centroid and shear center axes .The 

elastic strain and kinetic energies considering the thickness-curvature effect and the rotary inertia of 

curved beam were rigorously derived by degenerating the energies of the elastic continuum to those of 

curved beam and then the equilibrium equations and the boundary conditions are consistently derived 

for curved beams having non-symmetric thin-walled cross section. 

 

BASIC ASSUMTIONS 

 

 The formulation of the curved beam elements is depend on basic assumptions which are 
(19)

 : 

 The element is prismatic. 

 The cross-section maintains its original shape. 

 The deformations are small with respect to the dimensions of the cross-section (linearized 

problem). 

 The material is homogeneous, isotropic and obeys Hooke's low. 

 The cross-section dimensions are small in relation to the radius of the curvature. 

 Shear deformation in the middle surface vanishes for solid and considered linear across the 

thickness for tubular sections (for curved beam element without warping ), and the position of 

the center may be considered solely as a geometric property.  

 

FORMULATION OF THE DIFFERENTIAL EQUATION OF FREE VIBRATION 

 

In order to derive the differential equation of free vibration, Hamilton's principle 
(3)

 given in eq (1) will 

be used; 

 

 10)(

2

1

2

1

  dtWdtVT

t

t

t

t

nc

 

For the case of free vibration, there is no directly applied dynamic load and the curved beam is 

assumed to have elastic damping ( mC 2 )
(3)

 , thus there is no non- conservative force to be 

considered. Consequently, Hamilton's principle will take the form ( eq (2)): 

 

 20)(

2

1


t

t

dtVT  

 

An element of ( dL) length will be considered to calculate the kinetic and potential energy that stored in 

the carved beam ( see Fig 1 ) and method of integration over the whole length of the curved beam will 

be used to find the total energy ( Kinetic or Potential ) . The limits of integration were changed to be in 

term of () in stead of (L) using the following equation: 

 

)3(RddL  
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Kinetic Energy Of Thin-Walled Curved Beam 

 

   The kinetic energy of any system is given by 
(3)

; 

 

EnergyKinetic

where

velocitymass





:

)4()(
2

1 2

 

 

   Using equation (4), kinetic energy (stored in thin-walled curved beam) produced in free vibration will 

be calculated and it will include: 

 

a- Kinetic energy produced due to vertical movement. 

 5)(
2

)( 2

0

1 


d
t

w
m

R
tT  


  

b- Kinetic energy developed due to Lateral movement. 

 

 6)(
2

)( 2

0

2 


d
t

v
m

R
tT  


  

 

c- Kinetic energy produced due to rotation of the beam section. 

 

Figure 1: Thin-walled curved Beam layout and Coordinates 
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 7)(
2

)( 2

0

3 




d
t

I
R

tT p 


  

Total Kinetic energy will be: 

 

 





















0

222

321

)8())()()((
2

)8(

bd
t
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m

t

w
m

R

aTTTT

p

 

 

Potential Energy of Thin-Walled Curved Beam. 

 

 It's well known that the potential energy is calculating by multiplying the applied force by the 

corresponding displacement. This concept will be applied to calculate the potential energy that 

produced in the thin-walled curved beam.  

 

The strain energy produced in the thin-walled curved beam of an ( I section ) can be divided to : 

 

a- Strain energy stored in the right and left flange due to both normal and flexural stresses (σt, σf) 

respectively (see Fig 2a&c) 

 

)9())()((
1

;

)9())()((
2

22
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










 

 

b- Strain energy stored in the web due to longitudinal direct stress )σt) (see Fig 2a) 

 

)10()(
2

1

;
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
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c- Strain energy stored in the web and flanges due to shear stress )τw ,τf).( see Fig 2d) 
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Examining the estimated movements (vertical, longitudinal, lateral and torsional) for the section of 

thin-walled curved beam (Fig 3), shear strain for the flange and web can be written as; 

 

a- Normal stress  

( t ) 

 b- Flexural stress due  

to bending in z  

direction (f) 
 

c- Flexural stress due 

to bending in y 

direction ( f ) 

d- Shear stress  

Figure 2 : Types of stress  produced in curved thin-walled beam 
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Figure 3 : Types of deformation in thin-walled curved beam 

a- Beam cross section 
b- Combined displacements 

c- Wariping deformation 

d- Torsional deformation 
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Substituted ( Eq. 12 ) into ( Eq. 11) and making the suitable simplification , (V3) can be written as; 
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In order to replace all terms of (u) by an equivalent expression (in term of v,w and υ ), the following 

relationships will be depends: 

 

Using Hooke's low 
(6)

, the shear strain for the web ( fw  , ) can be defined as; 

)14(
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b
GA

F

G

and

a
GA

F

G

f

zf

f

w

yw
w











 

 

References (5,17,19) mentioned the relationship between internal force and the displacements at a point 

on the middle surface of the member ( see Fig 4); 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 : Generalized forces and displacements for curved beams 

with warping
(1)
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Substituted ( Eq. 15 ) into ( Eq. 14) and making the suitable simplification , ( fw  , ) can be written as; 
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Substituted value of ( Eq. 18a) into ( Eq. 13a) , the value of the warping displacement can get as; 
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Using the expression of warping displacement (Eq.18), the strain energy ( V1,V2,V3 and V4 ) can be 

simplified to be in terms of ( w,v and υ ) as shown below . 
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The total Potential energy will be: 

 

)25(4321 VVVVV 

 

Applying Hamilton's principle and use it's role (The value of δv, δw and δυ are vanish at the limit of 

integration t1 and t2 ), the three equations of motion will be ( method of integration by parts are used to 

simplified the equations and all terms of higher derivatives than four were neglected in the final      

result ): 
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Vertical Vibration: 
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Lateral Vibration: 
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Torsional Vibration: 
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PERTURBATION TECHNIQUE 

 

      The three derived differential equation of motion ( Eqs. 26 ) are solved analytically by expansion 

the solution to be in term of the normal modes of the linearized problem and using  the perturbation 

technique  ( multiple scale method )
(11)

 according to the following steps: 

 

1- Assume the expression of the vertical, lateral and torsional displacement ( w,v and ø ) to 

be: 
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                                                 (27) 

Where )(xwm , )(xvm  and )(xm  are the linear undamped natural vertical, lateral and 

torsional mth modes, respectively. 

 

2- Substituting the assumed expressing of the three displacement into  ( Eqs. 26 ) , multiplying 

by (wn,vm and øo ) and using the orthogonality properties of the linear mode, three coupled 
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system of N-coupled second order ordinary differential equation for Zvn , Zwm and Z øo will 

obtained. 

 

3-  Mode by mode analysis will be used to solve the differential equation.  

 

 

CASE  STUDY : 

 

   The three derived differential equation of motion ( Eqs. 26 ) are solved using perturbation technique 

,the results ( natural frequencies and modes ) of the present study was compared with those calculated 

by Ann N. A. 2002
(1)

, the geometry and material property of the case study will be the same of one 

used in problem 3 of Ref (1) ( see Fig 5 and Table 1 & 2 ) . 

 

Table 1 : Geometric properties of the study case 

 

Sectional Property 

bf = 1.00 m Aw = 0.05 m
2
 

dw = 1.45 m J = 1.4583333E-4 m
4
 

tw = tf = 0.05 m 
y

I = 8.3489583E-3 m
4
 

A = 0.175 m
2
 

z
I = 7.033333E-2 m

4
 

Af = 0.0725 m
2
 R = 25.00 m 

 

Table 2 : Material properties of the study case 

 

Material Property 

E = 200000 Mpa 

G = 200 Mpa 

m = 7834.6 kg/m
2
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Table 3 : Natural frequency of the study case 

 

 

 

 

Table 4 : Percentage of difference between the presented study and other theories 

 

Mode Percentage of difference 

Type No. 
STAAD Pro. 

F.E. 

Study present in Ref (1) 

Lumped mass Consistent mass 

FY 1 5.25 6.49 5.68 

FY & T 2 0.49 8.33 3.63 

FY & T 3 0.79 19.98 12.36 

FY & T 4 2.42 --- 10.87 

FY & T 5 0.22 --- 8.90 

FZ 1 0.29 6.10 6.55 

FZ 2 0.56 3.44 4.13 

 

 

 

 

 

 

Mode Cyclie Frequency ( Hz ) 

Type No. 
STAAD Pro. 

F.E. 

Study present in Ref (1) 
Present study 

Lumped mass Consistent mass 

FY 1 1.984 2.015906 1.998710 1.8851 

FY & T 2 5.107 5.543756 5.273648 5.082 

FY & T 3 9.558 11.850720 10.820084 9.483 

FY & T 4 10.574 -- 11.583677 10.324 

FY & T 5 13.129 -- 14.379131 13.100 

FZ 1 17.055 18.215634 18.302639 17.104 

FZ 2 24.368 25.096167 25.275968 24.233 

FY: Flexural mode in Y- direction . 

T  : Torsional mode . 

FZ : Flexural mode in Z- direction . 
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 Figure 5: Case study No.1 of curved thin walled beam 

a- Layout of curved beam 

b- Cross section dimentions  

c – Finite element mesh  
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a-  Flexural and Torsional modes of out- of- plane action 

b- Flexural modes of in- plane action 

Figure 6 : Mode shapes of the study case 
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CONCLOSIONS 

In the present study, the differential equations of motion (D.E.O.M) for combined vertical, torsional 

and lateral vibration of thin-walled curved beam are derived and solved. The calculated natural 

frequencies are compared with those calculated by the finite element approach (STAAD Pro. 2007) and 

with the results of the estimating element developed by Ann N. A. 2002
(1)

.   

 

Based on the result obtained from different case study that considered to study the effecting of different 

parameters on the natural frequencies, this study arrives with the following objectives and conclusion: 

 

- Effecting of shear deformation: 

 The values of natural frequencies which obtained from the present study ( Table 3) are differ from 

those obtained by an estimating element developed by Ann N. A. 2002
(1)

 due to the effecting of shear 

deformation which is included in the present study while its ignored in the estimating element
(1)

. It's 

also clear that the effect of shear deformation can be neglected in deep thin – walled beam element  

 

- Effecting of flange's width on the natural frequency : 

 The width of the flange has a direct and inverse effect on the value of the natural frequency for both 

vertical and lateral vibration respectively (see Fig 7 and 8) .Figure (7) shows the effect of the flange 

width on the frequency of vertical vibration and its seem that the relation is a direct relation, while 

figure (8) shows the effecting of the same parameter on the frequency of the lateral vibration. The 

previous conclusion is due to the influence of the flange width on the inertia of the curved beam in both 

vertical and lateral direction. 

 

- Effecting of the web's width on the natural frequency : 

This study detects an effecting for the web width on the vertical frequency differs from the one 

produced by the flange width (see Fig 9). The relationship between the web width and the vertical 

frequency can be divided into two parts, the first part (value of bw/bf approximately less than 60% ) 

shows that bw effects on the value of the vertical frequency directly , while the effecting will be 

inversely for the other value of  bw/bf  . bw  has also a direct action on the frequency of the lateral 

vibration ( see Fig 10).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.5

2

2.5

3

1 1.2 1.4 1.6 1.8 2

bf(m)

F
re

q
. 

(H
Z

) bw=1.0

bw=1.2

bw=1.5

bw=1.8

Figure 7 : Effects of bf on the natural frequency of vertical vibration 
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Figure 8 : Effects of bf on the natural frequency of lateral vibration 

Figure 9 : Effects of bw on the natural frequency of vertical vibration 

Figure 10 : Effects of bw on the natural frequency of lateral vibration 
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LIST OF SAMBOLS 

 

Af   Cross sectional area of the right or left flange. 

Aw   Cross sectional area of the web. 

bf   Width of the flange. 
D   Total depth of the thin-walled curved beam. 

dw  Total depth of the web 

E   Modulus of elasticity. 

G   Shear Modulus of elasticity. 

zf
I    Second moment of inertia of the right or left flange about z  axes. 

Ip  Mass polar moment of inertia. 

y
I    Second moment of inertia about y  axes. 

z
I    Second moment of inertia about z  axes. 

J  St. Venant's torsional constant. 

m   Mass per unit length. 

R   Radius of curvature . 

tf   Thickness of the of the right or left flange. 

tw   Thickness of the web. 

T   Total kinetic energy. 

u,w,v   Displacements in direction of yandzx ,  axes, respectively. 

yzx ,,   Local curvilinear coordinate. 

X,Y,Z   Global coordinate. 

V   Potential energy. 

Wnc   Non-Conservative work. 

β   Angle of curvature for the thin-walled curved beam. 

υ   Angle of twist. 

σt   Direct longitudinal stress. 
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σf   Flexural stress. 

τf   Shear stress produced in the left or right flange. 

τw   Shear stress produced in the web. 

γw   Shear strain of the web. 

γf   Shear strain of the left or right flange. 

δ   Variation operator taken during the indicated time interval 
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 استخدام التطبيقات البرمجية فى حل صعوبة إرساء العطاءات في المقاولات         
 (التجهيز,  الإنشائية)                              

 صدى عبد الخالق حسن
 كمية اليندسة -جامعة القادسية

 خلاصة البحث
مكانيابدددو لبحديدددد واخبيدددا          أمثدددل العددد ود المقدمدددة مدددن  بدددل ييددددل البحدددث إلددد  اسدددبعمال الحاسدددوب واد

وأسددعا  المددواد البناويددة وبباينيددا ا ثدد   العمددالشدد كات المقدداويت حيددث كددان لمليددادات ال يدد  مبو عددة  دد  أجددو  
 ىدداو  حسدوبةأو الكمادة الم عدينالكثي  مدن شد كات المقداويت مدن أكمدال البنايدق بالو دت الم عدم  د ةالكبي     

ة والبدد  أثدد ت عمدد  سدد عة ونوعيددة ا عمددال المنجددلة لددقا  ددا دا ة الجيدددة  ي خمددق الكثيدد  مددن المشدداكل البنايقيدد
مكانيات كل ش كة مدن شد كات المقد الجيد و البخطيطمنا صة  اويت المبقدمدة  ي خلال البنايق يعكس وا ع واد

 دة عمدد معبمددإمكانيددات كددل شدد كة ومقا نبيددا مددع ا خدد ى و قدداً ليليددة المدد ادة  دد  البنايددق  منا صددة لددقا  مع  ددة
بمكننا من ايخبيا  ا مثل لمع ود المقدمة من  بل ( كماة أو مدة أو نوعية ) طبيعة كل المش وع إقا كانت 

 .مطموبال وبالو تالمش وع بما ي اد من كماة وجودة   يادةالش كات وبالبال  
ايعبمداد عمد  البحث ما دات وعوامل نجاح عممية المااضدمة بدين الشد كات  خبيدا  أ ضدل العد ود ب بعامل

المقددابلات مددن لليددا ات الميدانيددة و لمكثيدد  مددن ا وبحديددد نسددب موويددة ليددا و قدداً , العوامددل المددؤث ة عمدد  ايخبيددا  
عدداد ب ندامو حاسدوب  يضدع بدين  الشخصية مع الكثي  من قوي ايخبصاص بعممية  دب  وبحميدل العطدا ات واد

الكمادددة أو المددددة أو النوعيدددة ] بقدمدددة عمددد  أسددداس يددددي المسدددبخدم الط يقدددة المثمددد  لممااضدددمة بدددين الشددد كات الم
أو من خلال الموالنة بيدنيم و دق نسدبة موويدة بخصدص لكدل  وبة و قاً لمعوامل المحصاةوكاا ة الش كة والمحس
[ وحسدب سياسدة الدداو ة البد  ط حدت المنا صدة وندوع المشد وع ( النوعية , المددة , الكماة ) ما دة من ما دات 

 ديد نوع المنا صة ىل ى  منا صة بجييل أم إنشا  ؟ با ضا ة إل  بح. 
 

 مقاولة ا نشا ,العوامل المؤث ة,مسبندات المقاولة,امثل الع ود,عقود المقاويت: كممات رئيسية
 



 صذي عبذ انخانق                                                     اسخخذاو انخطبيقاث انبريجيت فً حم صعىبت إرساء انعطاءاث في انًقاولاث            

 (يسانخجه,  الإَشائيت)
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USING PROGRAMMING APPLICATION TO SOLUTION THE DIFFICULT AWARD OF 
CONTRACTS (SUPPLIED- CONSTRUCTION) 

 
ABSTRACT                                                                                                            

The research aims to use the computer and it's potential to identify and choose the best offers 

submitted by companies contracting with the third-expected increases in the wages of labor and 

prices of building materials and the large variability in the impact of the inability of many of the 

construction to complete the implementation of the specific time or the estimated cost and thus 

create a lot of problems executive, which affected the speed and quality of works. A good 

management and good planning through implementation to reflect the realities and possibilities 

of each of the contracting companies to tender for any contract so a knowledge of possibilities  

of each company and compare it with the other , according to the mechanism in the desired 

implementation , depending on the nature of each project if  we were able to optimize( cost , 

duration , quality )  the selection of the presentations developed by the companies and thus the 

achievement of the project , including and appraiser of the cost , quality and needed time . The 

research has dealt with the items and factors of success of the trade-off between the companies to 

choose the best offer depending on the factors instrumental to the selection and identification of 

a percentage and in accordance with the increases Field of personal interviews with many of the 

professionals and the process of opening and  analysis of tenders and the number of software 

made in the hands of the user the best way to differentiate between companies on the basis of 

cost or duration , or the quality and efficiency of the company , calculated in accordance with the 

factors previously or by including the budget allocated according to percentage of each 

individual of items ( cost , duration , quality ) and by political department raised the auction and 

the type of project , as well as to identify the type of auction is it a construction or the 

establishment .                                                           

 

 : هدف البحـث
 دد  دواودد  الدولددة و ( بجييددل أو بشددييد ) ييدددل البحددث إلدد  مع  ددة وا ددع حددال ن ددام بحميددل واد سددا  العقددود   

إدخال البقنيات والعموم الحديثة عم  عممية المااضمة بين الشد كات المبقدمدة لممنا سدة  والمسداعدة  د  اخبيدا  
ود وبالبددال  بجدداول مشدداكل إ سددا  العطددا ات والمشدداكل البدد  بحدددث عنددد البنايددق نبيجددة بضددخيم أ ضددل العدد  

أسعا  الاقد ات ا ولد   د  العقدد مدن  بدل بعدد الشد كات  ند اد المناعدة اي بصدادية المبسبيدة مدن البسدميل 
 ٍ.عم  ا عمال المنجلة

 :مقدمـــة
ا مع كل عطا  ومع  ة العوامل والاق ات الميمة والمؤث ة من خلال مع  ة مسبندات المقاولة الواجب جمبي     

ىمددال العطددا ات ال يدد  مبددو    ييددا المسددبندات الميمددة نيدد  مسددبو ية )والبسكددد مددن كونيددا مبددو  ة  دد  العطددا  واد
 .يبم بحديد الع ود المثم  لمش كات و قاً لمدة أو كماة البنايق وكاا ة الش كة ( لمش وط

 : (عقد المقاولة ) مستندات العقد الهندسي 
 :] ,[8 ,[6],[5] ] ,[2وبشمل ما يم    
 أو ما  د يسم  بعميمات إل  مقدم  العطا ات ( الحقو ية والمالية ) الش وط العامة  -

 وىقه كميا ليا انعكاسات معينة , وى  مجموعة من الش وط وايلبلامات الب  ببحقق لو     
 .عم  حساب الكماة وأساليب العمل     
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 وى  الش وط والمواصاات الب  يجب أن ببم , لش وط الانية العامة والخاصة بالع د ا -
 ما لم يوا ق صاحب العمل أو من ياوضو , ا عمال المطموب بنايقىا وايلبلام بيا بد ة      
  بصب  الش وط المعدلة ى  الش وط الواجب م اعابيا, عم  بعديميا كمياً أو جلوياً     
 .و د بشمل نوعية ا عمال وأسموب العمل والمعدات اللالمة لبنايقىا, يقعند البنا    
 الخ اوط والمخططات والنماقج ب  ق لبوض  المكونات ا ساسية لممش وع و د ببضمن  -

 .بعد المعمومات عن المواد وط يقة البنايق      
 :المسبندات المطموبة مع العطا  وبشمل  -
 .مسبندات الع د  -أ
 .بالبسمينات ا ولية إشعا  -ب
 .مسبندات أصولية ببعمق ببسجيل المقاول وشيادات البصنيل  -جد
 .ب نامو العمل وأسموب البنايق -د
 .أي م  قات ميمة ي ى ض و بيا: الملاحق -

 :العوامل المؤثرة و المعتمدة في تحديد ثم اختيار امثل العروض
مع الميندسين وقوي العلا ة بقسم العقود     من خلال الليا ات الميدانية والمقابلات الشخصية  

أىمية كل عامل من العوامل المعبمدة    اخبيا  امثل العد ود وقلدك  عم  حصولبم ال القادسيةمحا  ة
وقلك حسدب عدددد ( أدن  و حد أعم )بنسدب موويدة خصصدت لكدل عامدل وىدقه النسدب بب اوح بين  يمبين

اسبما ة  الحصول عم بم  حيث, ة  و قاً لاق ات العقد المبينة بااصيميا سابقاً ا عمددال الدب  بخدص كدل ش كد
لد ج العوامل المؤث ة    بحديد واخبيا  امثل الع ود ثم المصاد ة والبعديل عم   ق ات كل عامل منيا من 

كل عامل وي جع وجد إن ىناك بباين    بحديد النسبة المووية لو د ة بل  سم العقود البابع لمحا  ة القادسي
قلك لبباين عدد ا عمال الب   امت بيا كل ش كة من ش كات المقاويت المبقدمة لنيل العطا  لصالحيا إق 
إن الش كة قات ا عمال الكثي ة والب  ى  لصال  المقاولة الحالية بمن  النسبة ا عم  حيث ي جع قلك إل  

الاق ة وىقا يعبب  من ا يجابيات حيث ي يبم مجال أو بمك دة والقديمة    ىقا البا يخ الش كة ومما سبيا الجي
المساواة بين ش كات مما سة  كث  من عمل وبين ش كات ما ست القميل من ا عمال والجدول الموض  

من  بل  سم العقود     وضعياوالب  بم أدناه يبين بااصيل العوامل والاق ات مع حدود النسب المووية ليا 
الخاصة بادا ة وبحميل العقود ةالب  ا يمت    كمية البعميم المسبم   ول كواد ىم احد دو اتبعد دخ المحا  ة
 . [9] ,]4,[ ]8,[ اليندسة
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 حدود النسب المووية لمعوامل المؤث ة    اخبيا  ا ضل عطا ( 8)جدددول   ددم 
حدود النسبة  العامــل

 المووية
 %23 :ذكر الجهة التي قام بالعمل لحسابها الأعمال المماثمة التي قام بها المقاول مع -1

 %86 -% 82 بوجد أعمال مماثمة منجلة لمصمحة الداو ة المسبايدة أو المحا  ة    الو ت المحدد  -أ

 %88 -% 85 .بوجد أعمال مماثمة منجلة ل ي  الداو ة المسبايدة و   الو ت المحدد وبشكل جيد  -ب

 %6 -% 88 .جيد مع بسخ     ا نجال  بوجد أعمال مماثمة منجلة بشكل -جد 

 %8 -% 5 .بوجد أعمال مماثمة ني  منجلة لحد بس يخ المنا صة  -د

 %12 :الأعمال قريبة من التخصص والمنجزة وقد تم تخصيص نسبة لها  -2
 %8 -% 88 .بوجد أعمال   يبة من البخصص ومنجلة حسب عدد ا عمال  -أ

 %5 -% 7 .ة    الو ت المحدد و بشكل جيد بوجد أعمال ني  مماثمة منجل  -ب

 %8 -% 4 .بوجد أعمال ني  مماثمة منجلة بشكل جيد مع بسخ     ا نجال  -جد

 الأعمال التي يقوم المقاول بتنفيذها وقت تقديم العطاء وتكون بإحدى  -3
 :الحالات التالية     

7% 

 %7 .ي بوجد أعمال  -أ

 %5 -% 6 .خي ة بوجد أعمال    م احميا ا  -ب

 % 8 -% 4 .بوجد أعمال يقوم بيا المقاول  -جد

 %8 وجود شهادات تثبت حسن تنفيذ من الجهات التي قام المقاول بالعمل لحسابها  -4

 %4 -% 8 .بوجد شيادات من الجية المسبايدة أو المحا  ة ناسيا  -أ

 %8 -% 2 .بوجد شيادات من الولا ات أو المحا  ات ا خ ى  -ب

 % 12 :حجم الأعمال المنفذة سابقاً  -5

 %7 -% 88 .مميا  دينا  ع ا    5بوجد أعمال مناقة  كث  من  -أ

 %4 -% 6 .مميا   8بوجد أعمال مناقة  كث  من  -ب

 %8 -% 2 .مميا   8بوجد أعمال   ل من  -جد

 % 8 .ي بوجد أعمال  -د
 % 22 :الوضع المالي لمشركة أو المقاول  -6

 %88 -% 88 .مسبق   -أ

 %6 -% 9 .مبوسط  -ب
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 %8 -% 5 .ضعيل وني  مسبق   -جد

 % 12 :مدى امتلاك الشركة معدات وآلات مستخدمة في تنفيذ المشاريع  -7

 %7 -% 88 امبلاك آليات بخصصية    بنايق المشا يع حددت النسب عم  عدد الآليات وأنواعو* 

 %8 -% 6 .امبلاك الآيت أخ ى * 

 % 8 .عدم امبلاك آيت * 

 % 5 :امتلاك الشركة أو المقاول لكوادر فنية متخصصة بالعمل  -8
 % 8 -%  5 .يمبمك كاد  ماى  * 

 % 8 .ي يمبمك كاد  * 

 % 2 -%  5 .مدى توفر جدولة زمنية بفعاليات المشروع ومدة التنفيذ الكمية  -9

( 8)لمقدداويت البجييددل  العوامددل المددؤث ة كمددا مبينددة  دد  الجدددول   ددم  ىدقا بالنسددبة لمقدداويت البشددييد أمددا بالنسددبة
 .حيث وض  كل عامل مع حدود نسببو المووية

 (البجييل)حدود النسب المووية لمعوامل المؤث ة    اخبيا  أ ضل عطا ( 8)جدول   م 
 حدود النسبة المووية العامل

 % 32 :الدائرة المستفيدة أو " حدد الإجابة حسب العدد " الأعمال المماثمة  -1

 ىل بوجد أعمال مماثمة منجلة    المحا  ة أو الداو ة المسبايدة من  بل الش كة  -أ
 .و   الو ت المحدد وبشكل جيد    

28  %- 88% 

 ىل بوجد أعمال مماثمة منجلة    المحا  ات ا خ ى أو الدواو  ا خ ى  -ب
 .البابعة ل ي  المحا  ة     

88  %- 8 % 

 % 32 :الوضع المالي لمشركة أو المقاول  -2

 %88 -%  28 .الوضع المال  مسبق   -أ

 % 8 -%  88 .الوضع المال  مبوسط  -ب

 % 8 .الوضع المال  ضعيل أو ني  مسبق   -جد

 % 22 .وضع الشركة وعلاقتها بالشركات المصنعة الأصمية  -3

 %86 -%  88 .وكيل حص ي * 

 % 8 -%  85 .وكيل معبمد * 

 % 22 .قيمة المواد المجهزة سابقاً في مقاولات أخرى  -4

 % 88 -%  88 .مميا  دينا   5القيمة المالية أكث  من * 

 % 88 -%  88 .مميا   8القيمة المالية أكث  من * 

 :تحميل العوامل المؤثرة 
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المدددة وبالبدال  النسددبة  وكاددا ة السدع  أسدول يدبم اعبمدداد القدوانين الباليددة لحسداب كاددا ة الشد كة الانيدة أو      
 :الكمية لمب جي  حيث 

 من المبمغ البخمين   80 %                             
 (المدخمة)النسبة المووية المسبخدمة   ×                                          = نسبة كاا ة السع     

 العطا  مبمغ                                     
من الكماة البخمينية وان % 20حيث سياسة  سم العقود بنص عم  ان الحد ايدن  المقد  لمكماة يقل ب  

    وايدن  المقد ين لمكماة وني  مقبول    بقية الحدود                                                      العطا  يعبب  مقبول عندما يكون ضمن الحد ايعم  
 .من المبمغ البخمين  80 %لك يعبب  العطا  كاو  عند بحقيقو لد

 مدة البنايق    العطا                           
 (المدخمة)النسبة المووية المسبخدمة                                            =كاا ة المدة       

 المدة البخمينية                                
 (المدخمة) النسبة المووية المسبخدمة× (% المحسوبة من الب نامو ) كاا ة الش كة =  ة الانية النوعية الكاا
   

 البخمينية المدة                                 
  (المدخمة) المووية النسبة ×                                           = كاا ة المدة نسبة

 العطا  مدة                                     
 المدة كاا ة  +الانية لمش كة   الكاا ة  +السع    كاا ة  =الكمية لمب جي    النسبة

 إعداد برنامج حاسبي لاختيار أمثل العروض
يجب ايسباادة من إمكانيات الحاسب    عممية بحميل الع ود وايخبيا  ا مثل ليا بحيث يبم        

   الع اق با ضا ة إل  مقاويت  ديادة  د ة و ابمية وكاا ة ايخبيا  ا مثل لمشا يع البشييبو ياو من اجل ل 
البجييل وقلك لبحقيق الس عة والد ة    البوصل إل  ايخبيا  المناسب عن ط يق بصميم وبنا  ب نامو 

 ة    كل عطا  و   حاسب  مبااعل يضع أمام المسبخدم عدة خيا ات وما عميو إي اخبيا  الاق ات المبو 
 .ضو  بمك ايخبيا ات يقوم الب نامو ببحديد المسا  القي يبخقه لموصول إل  الق ا  المناسب 

 : لغــة البرنامج
  Visual Basicا صدا  العاش  من ل ة الب مجة الشيي ة باجوال  بيسك  تأطمقت ش كة  مايك وسو     

حب  وصمت إلينا    شكميا , بطو  مخبماة حيث م ت بم احل  Visual Basic.NET 2008باسم  
وصيانبيا الب  بجعميا   يبة , الب  بجمع بين البساطة وسيولة البعمم , لبقىمنا بقد ابيا المدىشة , الحال  

مع ث وة من ا دوات والدوال , و وة وكاا ة الب امو المكبوبة بيا , من الم ة ا نجميلية المبسطة العادية 
والب  ب ي  من ,  NET.   بيوة دوت نت  Framework Classes   وات إطا  العمل الجاىلة الب  ببو 

  Operating Systemوالب  بعمو بقلك عن ب كيب الجيال بل ون ام البش يل , عنا  البد  من الصا  
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 ncompatibilityبحيث يسبطيع الب نامو أن يعمل عم  أي ن ام  دون أن بخش  من مشاكل عدم البوا ق 
u [3] .يمابين  
 

 : هيكمية البرنامج
 يجدداد اسددم ثددلاث  NET2008 Visual Basic ] ( [7.)إعددداد ب نددامو حاسددوب  بم ددة  يجددوال بيسددك  بددم 

شددد كات لممقددداويت  دددد حصدددمت عمددد  أعمددد  النسدددب وقلدددك  حالدددة المقاولدددة ل ولددد  وحسدددب ىيكميدددة الب ندددامو 
  :وكالبال  

 تعريف البرنامج
 ضل الع ود لمشا يع البشييد والبجييل    الع اق عن ط يق سمسمة من النوا ق ب نامو يساعد عم  اخبيا  ا

كل نا قة بحبوي عم  عدد من الاق ات لكل من العطا ات المبنا سة بحيث يقوم المسبخدم ببسشي  الاق ات , 
 .الب  بكون مبو  ة    العطا  

 
 
 
 
 
 
 
 
 

 (مينية أو الكماة البخ) الحد ا عم  المقد  لمكماة 
 الحد ا دن  المقد  لمكماة 
 الحد ا عم  المقد  لممدة
 الحد ا دن  المقد  لممدة 

 
               A                                                       

                                         
                                            

 قاول أو الش كدةاسم الم  

 هم انًقاونت    

 حجهيس      

 حشييذ واَشاء     

ادخل بيانات 
    البجييل
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 مبمغ العطا  المقدم من  بمدو  
 (إن وجدت ) مدة البنايق   

 
 
 

 ي                 ىل مبمغ العطا  ومدة البنايق                   ي                               
 ضمن الحدود

 
 ي                                          نعم                                                       
 

                
 بحديد الوثاوق المبو  ة    العطا  والب  بثبت أىمية                   
    حالة عدم بو  :                                           المقاول لمبنايق                  
 واحدة أو أكث  من .               الوثاوق الخاصة ببكوين الش كة       - 8   حالة بو     

B               8-       الاق ات( .            أو ىوية بسجيل المقاولين ) شيادة 
 D.                                    وصل ش ا  مسبندات المقاولة       -2كل الاق ات      

 عدا البسمينات.                             البسمينات ا ولية       -4                  
 ا ولية .             ب ا ة قمة من الييسة العامة لمض اوب       -5                 

 
  

                                             
    حالة عدم بو        ياضل إىمال العطا                                                       

 البسمينات ا ولية           لعدم بو   الوثاوق                                               
        

C     
 
 

 .حكوم  " مكبب اسبشا ي " بحديد  يما إقا بم  بول العطا  لكون الش كدة                  
B                   العطا  مقبول. 
D                   العطا  ني  مقبول. 
 

ىل الاق ات اي بعة ايول  
ضمن حدود المبمغ البخمين  

 البخمين  ليا

هم يخى 

قبىل 

 انعطاء

A 
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B 
 
 

 لبحديد المعمومات والوثاودق الب  بعبب  مقياس لكادا ة المقداول أو الش كدة
 ( :اجب عن أحد الاق ات ) 
مدى وجود الأعمال المماثمة التي قام بها المقاول مع ذكر الجهة التي قام بالعمل  -1

 لحسابها
"    الو ت المحدد وبشكل جيد " أو المحا  ة " بوجد أعمال مماثمة منجلة لمصمحة الداو ة المسبايدة *  -أ

 :حسب عدد ا عمال " حدد النسبة المووية الملاومة 
      86       %87       %88       %89       %88       %88       %88      %82% 

 ة منجلة ل ي  الداو ة المسبايدة و   الو ت المحدد وبشكل جيدبوجد أعمال مماثم*   -ب
 ( :حدد النسبة الملاومة وحسب عدد ا عمال )         

                 88          %88         %82              %84          %85% 
 :بوجد أعمال مماثمة منجلة بشكل جيد مع بسخ     ا نجال *   -جد

6            %7          %8             %9            %88% 
 :بوجد أعمال مماثمة ني  منجلة لحد با يخ المنا صة *   -د

8            %8         %2              %4            %5% 
 ليا% 88ا عمال   يبة البخصص ومنجلة و د بم بخصيص نسبة  -8

 " : عدد ا عمال حدد النسبة حسب "      
 : بوجد أعمال   يبة من البخصص ومنجلة *  -أ

8           %9          %88            %88           %88% 
 :بوجد أعمال مماثمة منجلة    الو ت المحدد وبشكل جيد *  -ب

5           %6           %7 % 
 :جيد مع بسخ     ا نجال بوجد أعمال  ني  مماثمة منجلة بشكل *  -جد

                           8           %8          %2              %4 % 
2 
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 ا عمال الب  يقوم المقاول ببنايقىا و ت بقديم العطا  وبكون بإحدى -
 : ليا % 7الحايت البالية و د بم بخصيص نسبة       

 % " .7" ي بوجد أعمال *   -أ
 :عمال    م احميا ا خي ة بوجد أ*  -ب

 % ( . 6) أعمال  ميمة % ( .                 5) بوجد أعمال كثي ة                
 :بوجد أعمال يقوم بيا المقاول *  -جد

 % (4)  ميل جداً % (   2)  ميل % (    8) مبوسط % (    8)كثي  % (     8)عدد كثي  جداً 
   
 حسن البنايق من الجيات الب   ام المقاول بالعمل لحسابياوجود شيادات بثبت  -4

 :ليا % 8و د بم بخصيص نسبة       
 بوجد شيادات من الجية المسبايدة أو المحا  ة ناسيا*  -أ

 "حدد النسبة حسب عدد الشيادات "    
4          %5            %6           %7           %8 % 

 "حدد النسبة حسب العدد " الولا ات أو المحا  ات ا خ ى  بوجد شيادات من*  -ب
8                  %8                     %2  % 

 " :حدد النسبة حسب عدد ا عمال " ليا %  88حجم ا عمال المناقة سابقاً وبم بخصيص نسبة   -5
 :مميا  دينا  ع ا    5بوجد أعمال مناقة  كث  من *  -أ

          7         %8            %9  %        88 % 
 : مميا  دينا  ع ا    8بوجد أعمال مناقة  كث  من   -ب

         4          %5      %        6% 
 :مميا  دينا  ع ا    8بوجد أعمال   ل من  *  -جد

         8          %2%                                                                                
 % ( 8:          ) ي بوجد أعمال *        -د
 :الوضع المال  لمش كة أو المقاول  -6
 : مسبق  *  -أ

        88         %88             %88           %82            %84            %85% 
        86           %87 %           88          %89            %88% 

 :مبوسط *  -ب
         6           %7             %8           %9% 

 :ضعيل وني  مسبق  *  -جد
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         8           %8             %2           %4            %5% 
 %    88ايق المشا يع و د بم بخصيص نسبة  مدى امبلاك الش كة معدات و آيت مسبخدمة    بن -7

 "حدد النسبة حسب عدد الآيت وأنواعيا " ليا      
 : امبلاك آليات بخصصية    بنايق المشا يع *  -أ

        7             %8            %9          %88% 
 :امبلاك آيت أخ ى *  -ب

        8             %8          %   2           %4             %5              %6% 
 :  عدم امبلاك آيت *  -جد

        (8                                     ) % 

 : ليا % 5امبلاك الش كة أو المقاول لكواد   نية مبخصصة بالعمل و د بم بخصيص نسبة  -8
 :يمبمك كاد  ماى  *  -أ

         8       %     8             %2             %4           %5% 
 % ( 8:         ) كاد   كي يمبم*  -ب 
 مدى بو   جدولة لمنية باعاليات المش وع وحدة البنايق الكمية و د بم بخصيص -9

 : ليا % 5نسبة     
            8            %8             %8           %2          %4         %5% 

 
 

E  
            
             

 ىل يوجد مقاول آخ  أو ش كة أخ ى                              
A       ي                     نعم              نعم 

 ي                                                         
 

 ما ىو العنص  ا كث  أىمية بالنسبة لممش وع ؟                                              
 .الكماة                             
 .المدة                           
 .النوعية                             
 . الموالنة بينيم                                    
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F                                                

                                   
     

 المقا نة بين الش كات واخبيا  الش كات               ىل بؤيد أن بكون نسب الوالنة بين      
 :مبمغ العطا                الكماة والنوعية أو الكاا ة كما يسب  ) الش كات قوات ا ل كماة      
 %58( الكاا ة ) النوعية % 58أو                  الكماة ( إن وجدت ) أو ا ل مدة ( المقدم      
 % 8يجمع النسب المووية السابقة              المددة   ) أعم  كاا ة      
 وحسب اخبيا  المسبخدم                         أؤيد( لكل ش كة      
 ي أؤيد(                                      نوعية  ة اواو مددكماة )      

 
 

                                                                                                         
 ادخل النسبة الب  بعبقدىا ملاومة

 ......... %الكماة أو السع  
 % ...............النوعيدة 

 ................. %المددة                                                                                      

     
 الع د ا مثل      
 مبمغ العطا / اسم الش كة ا ول  أو المقاول ا ول    
 مبمغ العطا / اسم الش كة الثانية أو المقاول الثان     
 مبمغ العطا         / الش كة الثالثة أو المقاول الثالث  اسم   
 

  والب  بكون B أما    حال كون المقاولة ى  مقاولة بجييل  بعاد ناس الاق ات السابقة باسبثنا  الاق ة
 :بالشكل البال   

G 
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B 
 
 بحديد المعمومات الب  بعبب  مقياس لكاا ة المقاول أو الش كة 
 ( : ق ات ولكل  ق ة جواب واحد  يكون البسشي    بع)  
 ( :حدد ا جابة حسب العدد ) ا عمال المماثمة  -8
 :ىل بوجد أعمال مماثمة منجلة    المحا  ة أو الداو ة المسبايدة من  بل الش كة و   الو ت المحدد* 

            88              %88                     %82                   %84                %85 % 
              86              %87                       %88               %89             %28  % 

 ىل بوجد أعمال مماثمة منجلة    المحا  ات ا خ ى أو الدواو  ا خ ى بابعة ل ي  المحا  ة *
          8           %8           %2%              4            %5           %6           %7  % 
        8           %9         %88         %88           %88          %82         %84 % 
        85                      %86             %87         %88             %89          %88% 

 :الوضع المال  لمش كة أو المقاول  -8
 :الوضع المال  مسبق  * 

              88              %88                     %82                %84               %85% 
         86                  %87                    %88                 %89                %28% 

 :الوضع المال  مبوسط *  
           8           %8             %2               %4              %5               %6            %7% 
         8            %9             %88             %88             %88              %82         %84 % 
        85           %86            %87            %88            %89               %88 % 

 :وضع الش كة وعلا بيا بالش كات المصنعة ا صمية  -2
 :وكيل حص ي * 

          86              %87                %88                  %89                %88 % 
 :وكيل معبمد * 

        8          %8            %2          %4             %5             %6           %7            %8% 
         9         %88          %88          %88           %82             %84               %85  % 
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 :ابقاً    مقاويت أخ ى  يمة المواد المجيلة س -4
   مميا  دينا   5القيمة المالية أكث  من: 

          88             %88                 %82                   %84                 %85 % 
        86               %87                  %88                  %89                 %88 % 

 :مميا  دينا   8القيمة المالية أكث  من  * 
            8                 %8                %2                        %4               %5  % 
            
           6                 %7                  %8                   %9                  % 88 % 

 هيكمية البرنامج( 1) شكل رقم
 

دخال البيانات   : كيفية عمل البرنامج وا 
   يبم بش يل الب نامو بعد الض ط عم (setup  ) الموجودة    الب نامو. 
   ب ي  شاشة عم  شكل مجموعة من البيانات والحقول الخاصة بالمنا صة وىدل ىد 
  ( بجييل ) ( . بشييد ) أم 
 سابقة بالبيانات يبم إملا  الحقول ال. 
  يبم إدخال جميع بيانات الش كات واحدة بمو ا خ ى وىقا بعد أن ب ي  شاشة يبم 
  ييا سؤال الشخص  يما إقا كانت ىناك ش كة أخ ى داخمة    المنا سة أم ي   . 
  ب ي  واجية لبحديد النسب المعبمدة    بحميل ومنا سة العطا ات و قاً لمسياسة المببعة 
 وحسب نوع المش وع المحال لممنا صة ( المدة, النوعية,السع )داو ة المسبايدةمن  بل ال 
  الموجدود أسال واجيدة  إدخال البيانات لمحصول ( النباوو ) يبم بنايق الب نامو بالنق  عم  الم بع

 .عم  النباوو 
 7-  بالنق  عندما ن يد الب يي     أي من المدخلات  إننا ن جع إل  واجيات إدخال البيانات 
 . الموجود    م بع أسال الشاشة ( الشاشة ال ويسية ) عم  الم بع       

تطبيق البرنامج الحاسبي عمى مشروع أعمال تأهيل الممر الثاني من شارع مديرية الزراعة و فمكه الساعة 
 ( :حالة دراسية)لمحافظة الديوانية 

 :إدخال البيانات
والمقابلات الشخصية الب   امت بيا الباحثة لقسم العقود البابع  من خلال المس  والد اسة الميدانية   

حيث , ( سنة البحث )  8888بم اخبيا  أحد المشا يع الب  بم بنايقىا وبسميميا بماماً خلال العام , لممحا  ة
ة بم وبالبنسيق والبعاون مع ىقا القسم الحصول عم  جميع المعمومات الب  بخص الش كات المبقدمة لممنا س

 . يوض  كياية إدخال البيانات إل  الب نامو باسبخدام نوا ق الب نامو (  8,2,4)وايشكال
 : بيانات الشركات
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البيانات المطموب إدخاليا والخاصدة بمنا صدة بسىيدل الممد  الثدان  مدن شدا ع مدي يدة ( 2 )يبين الجدول   م   
مدي ية البمدية / حا  ة ضمن مشا يع بنمية ا  اليم الساعة والبابعة لمم اسبدا ةالل اعة وا  صاة المجاو ة مع 

أما , يوم (  848)   ةدينا  ومدة البنايق البخميني(  8,852,474,888) حيث كان المبمغ البخمين  لممش وع ,
 .عدد الش كات المبقدمة لممنا سة  كان عددىا أ بعة ش كات 
العميددا نسددبة ال اعطددا  حدددود  ات بايعبمدداد عمدد عممددا ان بحديددد النسددب الموويددة يددبم مددن  بددل لجنددة  ددب  العطددا

نسبة  عم  بقية الش كات مقا نة بالش كة ايعم ( نسبة وبناسب)يكث  الش كات المطبقة لمعامل وبطبيق مبدا 
بعط  الش كة النسبة ايدن  وبق يب النبيجة ,و   حالة كون النبيجة ا ل من الحد ايدن  المحدد    الب نامو 

 :لمعامل  ايول   مثلا بالنسبة النباوو لما ماىو محدد    الب نامو  بالنسبة لبقية
 

  )%(الحدود العميا لمعاملx عدد ايعمال المماثمة لمش كة=النسبة المووية لمعامل ايول يحدى الش كات
  كات اكب  عدد للاعمال المماثمة الب   امت بيا احدى الش                                            

 .ممخص بيانات الشركات الداخمة في المنافسة (  3) جدول رقم 
اسم 
 الشركة

مدة  المبمغ لمعطاء
 العمل

مستندات 
 المقاولة

الأعمال 
المماثمة 

(1) 

حسن 
الأداء 

(2) 

حجم 
الأعمال 

(3) 

الوضع 
المالي 

(4) 

امتلاك 
معدات 

(5) 

 ملاكاتامتلاك
(6) 

A 8668288888 848 5 5 88 8 88 صا  كاممة كميا 
B 8884448888 858 4 صا  85 8 8 صا  كاممة كميا 
C 8885854888 888 7 85 85 5 88 85 كاممة كميا 
D 8898988888 888 5 5 88 5 88 85 كاممة كميا 

 : النتائج النهائية والمناقشة
لع ود نجد والقي يبين نباوو الحاسبة الخاصة باخبيا  امثل ا(  5) من خلال ملاح ة الشكل   م        

 Cدينا  ع ا   بمييا الش كة (  8,898,988,888)  د أخقت الم ببة ا ول  بقيمة ع د  Dإن الش كة 
ش كة ثالثة    الب بيب مع العمم إن ىناك  ددينا  ع ا   وي بوج(  8,885,854,888) بقيمة ع د 

اد الحاسب ليقه الش كات عند وىقا ي جع إل  اسببع, ش كبين أخ  مشب كة    بقديم العطا ات الخاصة بيا 
إدخال بيانابيا أصلًا منق البداية وعدم إش اكيا    عممية المنا سة وىقا ي جع إل  عدم اسبياا  ىقه الش كات 

 .لش وط المنا سة المحددة داخل الب نامو 
سبة كما نلاح  إن أسموب المنا سة  د بم عم  أساس النسبة الكمية لمب جي  الب  أعطت كاا ة السع  ن

  Dليا كاا ة نوعية أعم  من الش كة    Cحيث عم  ال نم من كون الش كة  , %  48وكاا ة الش كة % 68
لقد بم إىمال .مما أدى إل  حصول ىقه الش كة عم  الم ببة ا ول  , إي إن كاا ة السع  ل خي ة أعم  

 ة ليقا المش وع وأخقت كاا ة السع  كاا ة مدة البنايق    عممية المنا سة ليقا المش وع حسب سياسة المحا 
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وكاا ة الش كة المحسوبة  قط كنسبة ب جي  كمية وىقا ي جع إل  كون جميع الش كات المبقدمة لممنا سة ليا 
 .لقا  إن الب كيل عم  نوعية العمل وكمابو ي ج  من ا ولويات  نجاله , مدة إنجال عمل مقبولة 

بحيث يصعب , بقدمة لمعطا  ون ىناك عدد كبي  من الش كات المكإن  اودة ىقا الب نامو بكمن عندما ب 
ج ا  عممية المنا سة بينيا وبالبال  اخبيا  ا مثل منيا  مبو ي   معيا إج ا  كل الحسابات الخاصة ببقييميا واد

.    الو ت والجيد ود ة ايخبيا  ن جع إل  اسبخدام الحاسب وبو يل إمكانيابو لحل مثل ىقه الصعوبات 
 ضا ة إل  قلك  إن بصميم اسبما ة خاصة ببيانات كل ش كة كما موض     الممحق يعط  ممخص با

إن الم ونة المبو  ة    لب نامو والب  بعط  . بيانات عطا  كل ش كة وبالبال  سيولة إدخاليا الب نامو
  ول والمشا يع بعط  أىمية لمب نامو    ب طية مخبمل أنواع العقود ولمخبمل ال, خيا ات نسب الب جي 

   عممية الب جي  وقلك لكون بعد المشا يع الحكومية بكون ( و ت البنايق ) قلك  دخالدو عامل اللمدن أو 
) مدة البنايق ليا قات أولوية كبي ة لحاجة الدولة ليا ب د الن   أو بإعطا  نسبة كاا ة  ميمة لعامل الكماة 

باه ليا    سياسة  ب  وبحميل ثم إ سا  العطا ات ىقا با ضا ة وىقا من ا مو  الواجب اينب( مبمغ العطا  
إل  كون بعد الش كات بعمل عم  بضخيم مبالغ الاق ات ا ول     العقد ضمن مبمغ المقاولة ب ية 

ايسباادة من قلك بعد ا حالة وعند البسميل عم  ا عمال وبالبال  عدم ايلبلام والبقصي  بإكمال الاق ات 
المشاكل الب   ن مبال يا  ميمة وبالبال  الدخول بمشاكل  انونية مع أمثال ىقه الش كات وىقه منا خ ى كو 

لقا جا  الب نامو يسببعاد مثل ىقه الش كات أو بنبيو المسبخدم عنيا وبخيي ه بقبوليا  ةعانت منيا المحا   
 أو   ضيا  



  مجلة الهندسة 2212حزيران  16مجلد  2العدد 

 

 865 

 

 
 تشغيلبرنامج عند الواجهة ال( 2)شكل رقم                               

 
 واجهة اختيار نوع المقاولة( 3)شكل رقم
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 احدى واجهات ادخال البيانات( 4)شكل رقم 
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 واجهة تنفيذ البرنامج(  5)شكل رقم 

 :الاستنتاجات والتوصيات  
من الممكن أن بكون ىناك عدة خيا ات لمع د ا نسب و ق الب نامو الحاسب  وحسب  نبة صاحب  -8

 :ل وى العم
 .بسبب بو   الحد ا دن  من الكاا ة المطموبة : ايخبيا  عم  أساس أوطس ا سعا   -أ
يبم قلك بعد أن يبم اسببعاد العطا ات الب  بكون أسعا ىا ومدة : ايخبيا  عم  أساس أ ضل الكاا ات  -ب

 .بنايقىا خا ج الحدود المسموح بيا 
 وطدس ا سعدا  الب  بقابل أعم  النسدب ايخبيا  عم  أسداس المدوالندة بين أ -جد
 ممكن  بول أو   د الش كات الب  بعمل عم  بضخيم الاق ات ا ول  من العقد وحسب سمعة الش كة -8
يقب ح أن يبم اسبدعا  المقاولين كلًا عم  حدة وبالبسمسل حسب أعم  النسب المووية الب  ببين كاا ة  -2

  بقميل ا سعا  الب  حددودىا    عطا ىم ومن ثم اخبيا  أوطس الش كة    البنايق لمبااود معيم عم
 .ا سعا  بعد البااود 

) وكاا ة السع  %( 58)يقب ح بعديل النسب المووية المعبمدة حالياً    المحا  ة بالنسبة لكاا ة الش كة  -4
دخال كاا ة مدة البنايق وقلك لكون المشا يع بخبمل من واحد لآخ   ثبوت % (  58 ىمال واد ىقه النسب   واد
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نسبة كاا ة مدة البنايق يعبب  من السمبيات لكون بعد المشا يع بحباج إل  ا نجال بس عة لمض و ة أو 
لمحاجة الماسة ليا ب د الن   عن كماة ا نجال لقا جا  الب نامو لب طية مخبمل المشا يع بمخبمل 

 .ال  ول 
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 بسم الله الرحمن الرحيم
 استمارة تحميل العطاءات

 (الانشائية)المناقصات
 :  م المنا صة
 :اسم الش كة او المقاول:                                                                     اسم المش وع

 :با يخ بحميل العطا              :                                                       الجية المسبايدة
 مستندات المقاولة–اولا 
               ----------.  وصل ش ا  مسبندات المقاولة -ا  
-------- ( أو ىوية بسجيل المقاولين ) شيادة  -ب 
                                          -----------.        البسمينات ا ولية  -ج 

----------  وثاوق الخاصة ببكوين الش كةال -د  
-------- ب ا ة قمة من الييسة العامة لمض اوب -ه 

 كفاءة الشركة–ثانيا 
 %82%    82-86            -ا عمال المماثمة منجلة لمصمحة الداو ة المسبايدة     الو ت المحدد وبشكل جيد-ا( 8
 %85-88                    -----نًسخفيذة في انىقج انًحذد وبشكم جيذ الأعًال انًًاثهت انًُجسة نغير انذائرة ا -ب
 %88-6                        ---------------------------------الأعًال انًًاثهت انًُجسة يع حأخر في الإَجاز-ج

 %  5-8                            -------------------------------------الأعًال انًًاثهت غير انًُجسة نحذ ألاٌ  -د

 %88%      88-8                                       -----------------------------الإعًال قريبت يٍ انخخصص انًُجسة -ا(  8

 %7-5                  ------------------------الأعًال غير انًًاثهت انًُجسة فً انىقج انًحذد وبشكم جيذ -ب   

 %4-8                     ---------------------الأعًال غير انًًاثهت انًُجسة بشكم جيذ يع حأخر في الإَجاز --ج  

 %7                                                        الأعمال الجارية لممقاول وقت تقديم العطاء(  3 
 %7-5                         ---------------ا ا خي ةي بوجد أعمال او أعمال    م احمي - أ

 % 4-8                        ----------------------------بوجد أعمال             - ب

 %8                                 ---------------------شهادات او شكر وتقدير للأعمال المنجزة(  4  
 %8-4                          -------------------------سبايدة    المحا  ةمن الداو ة الم -ا    
 %2-8                                                  ----------------من محا  ات أخ ى  -ب     

 %  8 8                     حجم الأعمال المنفذة سابقا                                                         (  5
 %  7- 8 8                                           ----------------مميا  دينا  ع ا     5يكث  من  -ا
   %4-6                                            -------------مميا  دينا  ع ا       8يكث  من   -ب
  %8-2                                           -------------دينا  ع ا      مميا   8لقل  من   - (ج 
------------- الوضع المال - 6 
 %      28- 8 8                                                                   -------------مسبق     –ا 
  % 6                                                                       -------------مبوسط -ب
 %5-8                                                 ------------ني  مسبق  او ضعيل        –ج 

 %    8 8                                                            ------------- امتلاك الالات والمعدات( 7 
 %       88-7                                   ------------امبلاك اييت بخصصية    البنايق       -ا
 %  6-8                                            ------------امبلاك اييت اخ ى          -ب
 %       8                                                                -----------ي يمبمك ايت  -ج



 صذي عبذ انخانق                                                     اسخخذاو انخطبيقاث انبريجيت فً حم صعىبت إرساء انعطاءاث في انًقاولاث            

 (يسانخجه,  الإَشائيت)
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 %5-8                  ------------امتلاك المقاول او الشركة كوادر فنية متخصصة بالعمل –ا (8
 %8                                             ---------------------- ي يمبمك كاد  -ب
 %5-8                                             --- ---------------------- مدة التنفيذ(  9
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 تأثير استخدام خبث الحديد عمى خواص مزيج رمال السباكة
 الجامعة التكنولوجية/  خضير جاسـ محمد.د

 
  -:الخلاصة 

–والفػوذذ   cast iron–رب ػد الػػػػػحدي )مػف ممميػات رػار الحديػد تنػاوؿ ذػذا الثحػث موضػوع الخثػث النػات  ي
steel  )تنػػت  كميػػات كثيػػرة منػػ   ػػ   إذة لمثيئػػة ثرػػورة مامػػة ثامتثػػارم مػػف المخمفػػات الرػػنامية الرػػمثة الممو ػػ

 .مف كمية سثائؾ الحديد المنتجة  ياا ( % 10-30)المساثؾ ومجمعات الحديد والرمب حيث تتراوح ثيف 
 قػد تػـ  ػ  ذػذا الثحػث تجرثػة اسػتخدام   ػ   – ػ  المسػاثؾ المنتجػة لػ  نفسػاا  –" ولغػرض اذسػتفادة منػ  مواعيػا

 إلػػػ مػػف مسػػػحوؽ الخثػػث المطحػػوف %( 01,%01,%01, %81)مت نسػػب عمحيػػػث اسػػت, مػػزي  رمػػاؿ السػػثاكة 
وتحضير نماذج اياسية مف المزي  و حص نفاذية  –مف رماؿ السثاكة " حجوـ مقارثة لحجوـ رماؿ السثاكة ثديلا

 .الغاز ومقاومة اذنضغاط لاا 
اذيػة الغػاز  ػ  الحالػة الرطثػة نتائ  الفحورات تحسف واضح    مقدار مقاومػة اذنضػغاط وكػذلؾ  ػ  نف أظارت

 .ثزيادة نسثة الخثث 
ثنسػػثة تزيػػد مػػف الخثػػث  إضػػا ةكسػػر العينػػات  ػػ  جاػػاز الفحػػص منػػد  ثالإمكػػاف ػػ  الحالػػة الجا ػػة  مػػـ يكػػف  أمػػا
اذسػتفادة  ثالإمكػاف أرػثحوثػذلؾ ( ²سػـ/كغػـ  5.6)لقراءة جااز الفحػص  الأمم ذف مقدارذا تجاوز الحد % 81

 .وتقميؿ كمفة النقؿ    تحسيف خواص مزي  رماؿ السثاكة والتخمص مف تأ يرم المموث لمثيئة مف الخثث المذكور 
– طريقة لحماية البيئة  أفضلتدوير النفايات  -
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EFFECT OF USING IRON SLAG ON FOUNDRY- MOLDING MIXTURE PROPERTIES 

 
ABSTRACT: 

 

This work deals with slags produced from melting processes of cast iron and steel .as an industrial 

solid by product with investiga effect environment in general .Huge quantities of slag are produced 

from foundries and steel work complexes , as          (10-30)% of iron alloys produced .In order to 

use those quantities at the same foundries , this work investigates the using of slag in sand moulding 

mixtures 10,20,30 and 40 % of milled slag to the same size of silica sand , instead of silica , and 

prepared standard speciemens to test grean compression strength and gas permeability in green and 

dry cases.Results showed improvement in comp.strength in green tests, by using slag. While in dry 

tests, however, that comp. strength increased by using slag.But we couldn´t break dry speciemens to 

have given results over 10% slag because their values were over the rang of tester (6.5kg/cm²) .       

                                                                                Accordingly we can state that slag can 

be used in moulding mixture at the same foundries to improve properties and to get rid from its 

pollution effect and transport costs.                                                                       
Rejects recycling is the best way to save environment - - 

-   Aim of work–هدف البحث 
مػف خثػث الحديػد النػات  مػف ممميػات رػار ورػب  الأطنػافلثيئة العامػة مػف ملايػيف تخميص ا إل الثحث  يادؼ

وذلؾ ثاستخداماا    مجاذت نا عة    موااع اريثة , مم  مستوى العالـ " سنويا( اذذيف ) الفوذذ وحديد الرب 
وثػذلؾ   ثعيػدة لطمرذػا موااع إل ميات النقؿ العالية الت  تررؼ مادة لنقماا ملتلا   تكاليؼ م إنتاجاا أماكفمف 

تمػوث  إلػ يمكف تحقيػؽ ذػدؼ ثيئػ  ماػـ وذػو الػتخمص مػف احػد الممو ػات الرػنامية الرػمثة التػ  يػؤدي تراكماػا 
تحسػػيف موارػػفات المػػزي  الرممػػ  المسػػتخدـ  ػػ  رػػنع القوالػػب  إلػػ  إضػػا ة, لػػـ تسػػتغؿ ثرػػورة نا عػػة  إفالثيئػػة 
ممميػػات نقػػؿ ثعيػػدة و ػػ  ذلػػؾ جػػدوى ثيئيػػة و نيػػة  إلػػ  تحتػػاجذ  والمثػػاب و ػػ  نفػػس موااػػع المسػػاثؾ ثحيػػثالرمميػػة 

 .وااترادية 
 الجانب النظري

- : INTRODUCTION –المقدمة 
 .مف ممميات رار المعادف والسثائؾ وخارة الحديدية مناا " ينت  الخثث مرضيا
 Blast)فػاخ طف خثث مف كؿ طف مف الحديد المراور    الفرف العػال  الن(  0.25-0.35)حيث ينت  حوال  

furnace )  الرار الخارة ث   أ رافطف خثث مف كؿ طف  وذذ منت  مف ( 0.10-0.15)وحوال. 
حػػوال  ( 0110)مػػاـ " ثمغػػت كمياتاػػا مالميػػا إذ, وذػػذم كميػػات كثيػػرة مػػف المخمفػػات الرػػنامية العرضػػية الرػػمثة 

طػف متػري مػف خثػث يػوف مم( 811)مػف  وأك ػر(  Cast iron)الرػب  مػف خثػث حديػدطف متػري  مميوف (811)
ويتكػوف خثػث الحديػد مػادة مػف .  [Hendrik G.    2003, Portland cement A.     2004 ].الفػوذذ

واذـ تمؾ المركثات اكاسيد السيميكوف والمغنيسػيوـ ممميات الرار  أ ناءالشوائب وثعض مركثات المواد المضا ة 
االػب  إلػ مػف  ػوؽ سػطح المعػدف المرػاور مػادة لمنػع دخولػ  ويػزاؿ . واميؿ غيرذا والكالسيوـ والألمنيوـوالحديد 

ويطفػػو الخثػػث  ػػوؽ سػػطح . وتعتمػػد ك ا تػػ  ممػػ  تركيػػز مكوناتػػ  . ثػػالاواء  أوالرػػب ويثػػرد ثالمػػاء وذػػو المفضػػؿ 
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(  (Bulk density      تثمػػك ك ا تػػ  الظاذريػػة إذ, المعػػدف المرػػاور ثسػػثب امػػة ك ا تػػ  مقارنػػة ثك ا ػػة الحديػػد 
 . ( 0.1ػ0.0)ووزن  النوم  يتراوح ثيف  ³سـ/غـ( 8.0ػ .11)حوال  

 [  Clarkson U.-CE 453-   2005, Klarkson U.    2005] . 
المسػتخدمة  يػ   والإضػا اتيختمػؼ ثػاختلاؼ الشػوائب الموجػودة  ػ  مػواد الرػار  الكيمياوي لمخثث التركيب  أما

 .مف طريقة الرار "  ضلا
والنػػورة حيػػث تشػػكؿ ثمجموماػػا حػػوال  ( Al2O3)واذلومينػػا (  SiO2)ميكا  اػػو يحتػػوي ثرػػورة مامػػة ممػػ  السػػي

مػػف تركيػػب الخثػػث  ػػ  حػػيف يتكػػوف الثػػاا  مػػف اكاسػػيد الحديػػد والرػػوديوـ والكثريػػت والثوتاسػػيوـ ثنسػػب %( 01)
 . [Australian steel mill services PTY   2006, FHW Home    1990]مختمفة 

  رػػار ػػػػة  ػالمػػواد المستعممػػ إلػػ  ثإضا تػػػ  أوتمفػػة مناػػا  ػػ  رػػنامة اذسػػمنت اذت مخجػػلقػػد اسػػتخدـ الخثػػث ثم
  National  R.C.Canada  2005, Australian steel mill services PTY 2006]سػثائؾ الحديػد 

Iron and steel    1996                          ]     

 .    و   تعثيد الطرؽ الخرسانية  الإنشائيةكما تـ استخدام     المجاذت  
 [Hendrik G.    2003, Clarkson U.-CE 453-   2005]  اػاـ معاػد شػنغااي لمتعػديف ثدراسػة شػاممة و

ذسػػتخداماا  ػػ  مجػػاذت رػػار الفػػوذذ " لمخثػػث الحثيثػػ  المثػػرد ثػػالاواء وخثػػث الفػػرف العػػال  النفػػاخ النػػامـ جػػدا
كعامػؿ  أوكمادة لمرش لتنعػيـ سػطوح السػفف  أو( pavement)   الررؼ ( Unti-wear)وكمادة مقاومة لمثم  

 .[0110    حسف حميد.د ,Cen.y.   1994]مسامد    ترفية الميام 
   الطثيع    ( الحر  ) مف الركاـ " كذلؾ استعمؿ ركاـ الخثث الخشف    الخرسانة ثدذ

 [Kamal I.et.  2002, Brantz .H.  1990 ,0110  حسػف حميػد.د] وتمػت دراسػة .  لإسػفمتاذلؾ  ػ  ػػػػػوك
 وأمطػػ ممػـ ( 80ػػػ6)ع   ػ  الخرسػانة الكونكريتيػة وثحجػوـ ػػػػض مػف الحرػ  الطثيػػػػاسػتخداـ خثػث الفػوذذ لمتعوي

 خضػير جاسػـ محمػد .د] .وزيػادة الك ا ػة وتقميػؿ امترػاص المػاء  ياػا اذنضػغاطنتائ  جيدة    تحسيف مقاومة 

 أمماؿممـ    ( 01 - 81)      ثحجوـ  [Marizane.Y.  1999] آخريفكما تـ استخدام  مف اثؿ  . [0111
درجػػػػة نعومػػػػة مناسػػػػثة  ػػػػاف تركيثػػػػ  الكيميػػػػاوي وتركيثتػػػػ  الزجاجيػػػػة  إلػػػػ ومنػػػػد سػػػػحؽ الخثػػػػث . الاندسػػػػة المدنيػػػػة 

(Glassy-Nature ) ذات ميومػػ   – إسػػمنتيةخارػػة منػػد خمطػػ  مػػع المػػاء يكػػوف مركثػػات(Cementation 

hydration )م  التركيب الكيمياوي وخارة ذيدروكسيد الكالسيوـ والمحتويات الزجاجيػة ودرجػة تعتمد كمياتاا م
 .نعومة الخثث 

غثػػار ممػػا يتطمػػب % 6مناػػا % 81 إلػػ  ػػاف نسػػثة  قػػداف رمػػاؿ السػػثاكة جػػراء اذسػػتعماؿ ترػػؿ  أخػػرىمػػف جاػػة 
ف ذنػا  ػاف ومػ [Foseco Handbook  2000]كميػات مػف الرمػاؿ ثاسػتمرار لسػد حاجػة المسػاثؾ مناػا  إضػا ة

اسػػػتخداـ مسػػػحوؽ الخثػػػث ثػػػالحجوـ المناسػػػثة  ػػػ  مػػػزي  رمػػػاؿ السػػػثاكة لػػػ  الك يػػػر مػػػف المزايػػػا اذاترػػػادية والفنيػػػة 
 .خارة مند استعمال     موااع المساثؾ المنتجة ل  
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- :لمرمال المستخدمة في السباكة  الأساسيةالمتطمبات 
التػػ  تمتػػاز ( SiO2)رمػػاؿ السػػيميكا  أذماػػاواد مديػػدة تسػػتخدـ  ػػ  ممميػػات رػػنع القوالػػب الرمميػػة  ػػ  السػػثاكة مػػ

 .الماء والمواد الراثطة  إل  إضا ةثمقاومتاا الحرارية وااثميتاا مم  التشكيؿ مند المقالثة 
- :واذـ ميزات رماؿ السثاكة ما يم  

     درجات الحرارة المعتدلة واستقرارذا الحراري  الأثعاداذستقرار   . 
  مف حيث الحجـ والشكؿ ذات حثيثات مناسثة. 

 مع المعدف المرثوب    القوالب الرممية وذ تتداخؿ مع  " ذ تتفامؿ كيميائيا. 

  خالية مف الشوائب والمواد الطيارة الت  تكوف غازات مند التسخيف. 

  ااثميتاا مم  التشكيؿ ثوجود الرطوثة والمواد الراثطة. 

 تو رذا وامة  مناا نسثيا. " 

 أخػػرىمػػواد راثطػػة " أحيانػػاوتسػػتعمؿ ( الثنتونايػػت ) طػػة المسػػتعممة مػػع رمػػاؿ السػػثاكة ذػػ  الطػػيف واذػػـ المػػواد الراث
 .الماء  إل  إضا ة

كثيػرة  ػ  ممميػة  ثأذميػةسيميكا وشكؿ الثمورات والتوزيع الحثيث  لاا تمتاز التركيب الكيمياوي والثنيوي لرماؿ ال إف
 .المقالثة ورنع المثاب الرممية 

نمػا( AFS)مم  ذػذم الرمػاؿ ذ يتطمػب اسػتخداـ راػـ نعومػة الرمػؿ ( -ISOآيزوػ)ظاـ تطثيؽ ن أفكما  يسػتخدـ  وا 
ولتحديد حجـ وتوزيع حثيثات الرمؿ ذ ثد مف ترور شكؿ الحثيثػات كوناػا ذات ( ميكروف) معدؿ حجـ حثيثاتاا 

ا زادت مساحة سػطح الرمػؿ وكمم. ذية الغاز مف القالب الرمم  ارمة ثمساحة سطح الرمؿ واف توزيعاا يتحكـ ثنف
شػث  الدائريػة  أوويفضؿ استخداـ حثيثات الرمؿ المدورة .زادت الحاجة ذستخداـ المادة الراثطة    المزي  الرمم  

 .قمة المساحة السطحية لمرمؿ وثذلؾ تقؿ الحاجة ذستخداـ مواد راثطة لمادة    رنع القوالب والمثاب الرممية 
ثعدد الفتحات    كؿ ان  مرثع مف الغرثيؿ الذي تمر من  حثيثػات الرمػؿ ( AFS)ة الرمؿ مويعثر مف درجة نعو 

وتحديػد وزف . غـ مف الرمؿ الجاؼ ووضع     مجمومة غراثيػؿ اياسػية ( 811) ثأخذ( AFS)ويمكف حساب . 
وثجمػع حارػؿ الضػرب  ػ  كػؿ حالػة . راػـ الغرثيػؿ الػذي يكػوف  واػ  ×الرمؿ    كؿ غرثيؿ وضرب ذلؾ الػوزف 

 ( .0)يمكف معر ة درجة النعومة كما    الجدوؿ راـ ( 811)مة النات  مم  واس
توزيػع لحجػـ الحثيثػات ذػو حػيف  أ ضػؿمػادة واف ( 51-61)لرمػاؿ السػيميكا تتػراوح ثػيف ( AFS)راـ النعومػة  إف

  .مف الوزف الكم    أك ر%( 81)غراثيؿ    كؿ مناا ( 6-0)تتوزع مم  
 [Foseco Handbook  2000] 
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- :خبث الحديد واصفات م
حيػث يتجمػع مػادة  ػوؽ سػطح . النات  العرض     ممميات رار المعادف والسثائؾ وتنقيتاا  ثأن يعرؼ الخثث 

ويػػزاؿ مػػادة اثػػؿ رػػب المعػػدف لمنػػع دخولػػ  القوالػػب مػػع . المعػػدف المرػػاور لقمػػة ك ا تػػ  مقارنػػة ثك ا ػػة المعػػدف 
وتعتمػػػد .اواء ويجمػػػع مػػػادة لينقػػػؿ مػػػع النفايػػػات لمػػػتخمص مناػػػا ثػػػال أوثالمػػػاء وذػػػو المفضػػػؿ  أمػػػاويثػػػرد . المعػػػدف 

وتعتمػػد ك ا ػػة الخثػػث ثشػػكؿ كثيػػر ممػػ  تركيػػز اذكاسػػيد . الخػػواص الفيزيائيػػة لمخثػػث ممػػ  تركيثػػ  ودرجػػة الحػػرارة 
 ك ا تػػػ  ( MgO)و ( ³سػػػـ/غػػػـ 0.05)ك ا تػػػ  ( SiO2)حيػػػث يتكػػػوف الخثػػػث مػػػف اكاسػػػيد السػػػيميكوف .ال قيمػػػة  يػػػ  

 .الخ...و( ³سـ/غـ 6.7)وك ا ت  ( FeO)و( ³ـس/غـ 0.56)
لزوجػػة الخثػػث السػػائؿ  تتغيػػر حسػػب تركيثػػ   أمػػا ³سػػـ/غػػـ( 0.1-0.0)الك ا ػػة اذمتياديػػة لمخثػػث تتػػراوح ثػػيف  إف

الخثػث مػف  إزالػةودرجات الحرارة حيث تقؿ لزوجة الخثث ثشكؿ مثاشر مع زيادة درجة حرارة الخثث وحالت  ومند 
 ذف تثريػػػػدم ثػػػػالاواء يضػػػػعؼ خوارػػػػ  السػػػػػمنتية " يفضػػػػؿ تثريػػػػدم ثالمػػػػاء ليكػػػػػوف  عػػػػاذسػػػػطح الحديػػػػد المنرػػػػار 

[Clarkson U.-CE 453-   2005] . 
 القسم العممي

- : التحضير لمعمل
- : أذمااالتحضيرية  الأمماؿتـ    سياؽ ذذا الثحث مجمومة مف 

ؿ ممػػ  النعومػػة المطموثػػة اسػػتلاـ خثػػث الحديػػد موضػػوع الثحػػث وتحضػػيرم للاسػػتعماؿ وذلػػؾ ثطحنػػ  لمحرػػو -
 أثعادذػػاحيػػث كػػاف الخثػػث ممػػ  شػػكؿ اطػػع ترػػؿ ( 0)وحسػػب تػػدرج الحثيثػػات وكمػػا مثػػيف  ػػ  الجػػدوؿ راػػـ 

 .ممـ وتـ تكسيرذا وطحناا ( 71-01)حوال  
 ( .0)غرثمة مسحوؽ الخثث النات  مف الطحف لمعر ة حجوـ الحثيثات وكما مثيف    الجدوؿ راـ  -
 .الخثث لتحديد نسثة كؿ مناا    المسحوؽ    ميزاف حساس  وزف كؿ حجـ مف حثيثات -
وكػػاف مجمػػوع . لغػػرض اسػػتخداماا  ػ  مػػزي  رمػػؿ المثػاب " خمػط مكونػػات مسػػحوؽ الخثػث ثعػػد وزناػػا جيػدا -

 ( .غـ611) أوزاناا
ثاسػػتخداـ مجمومػػة مػػف ( 0)ػػػ وتحديػػد تػػدرج حثيثاتاػػا وكمػػا  ػػ  جػػدوؿ راػػـ -ػػػ رمػػؿ ارضػػم  -غرثمػػة الرمػػؿ -

 .يؿ وميزاف حساس الغراث
خلاطة الرمؿ ، جااز  حص المستخدمة    العمؿ والتأكد مف رلاحيتاا للاستعماؿ وذ   الأجازة حص  -

 .جااز  حص مقاومة اذنضغاط , النفاذية 
 ( .0)الثدء ثتحضير الخمطات ومينات الفحص وثالنسب المحدودة وكما مثيف    الجدوؿ راـ  -
 وذ   حورات النفاذية ومقاومة اذنضغاط    الحالة الرطثة والجا ة , الفحورات المطموثة  إجراء -
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- :المستخدمة  والأجهزةالمواد 
والمثينػة خوارػاا  والمػاء( الثنتونايػت ) ث ذػ  رمػاؿ السػيميكا وخثػث الحديػد والطػيف ثحالمواد المستعممة    ال إف

 . (0و0)ة م   الجداوؿ المرا
- :المستخدمة  ا   الأجازة أذـ أما
  جااز تحضير وطحف الخثث الخاـ. 

  الغراثيؿ الميكانيكية الازازة. 

  ميزاف حساس. 

 جااز الخلاط. 

  جااز دؾ العينات. 

  جااز اياس نفاذية العينات. 

  جااز  حص مقاومة اذنضغاط. 

  رف التجفيؼ الكارثائ . 

 

( 0) ػػػ  الجػػػدوؿ راػػػـ الثحػػػث طحػػػف الخثػػػث الخػػػاـ وتحضػػػيرم ثالموارػػػفات المطموثػػػة المثينػػػة  إجػػػراءاتوشػػػممت 
وترنؼ حجوـ حثيثات  وحثيثات رمؿ السثاكة المسػتعمؿ ثاسػتعماؿ مجمومػة الغراثيػؿ القياسػية المثينػة  ػ  الشػكؿ 

)                    والميػػػػػػػزاف الحسػػػػػػػاس نػػػػػػػوع (BS-410/1976)ثموجػػػػػػػب الموارػػػػػػػفات الثريطانيػػػػػػػة ( 8)راػػػػػػػـ 
(Mettler pn /2 / 0 . 

الثحػػث اسػػتخدـ جاػػاز الخػػلاط المختثػػري الػػذي تضػػاؼ  يػػ   لأغػػراضطمػػوب ولغػػرض تحضػػير المػػزي  الرممػػ  الم
دايقة يضاؼ ثعػدذا المػاء ويسػتمر الخمػط ثعػد ذلػؾ لمحرػوؿ ممػ   (5-3)وتخمط لوحدذا مدة " أوذالمواد الرمثة 

 .المزي  المطموب 
ويػتـ . ن  خػاص ممـ مػف المػزي  النػات  ثاسػتعماؿ االػب معػد( 61Ø ×61) ثأثعادترنع نماذج الفحص القياسية 

 .ثعد ذلؾ ( تيف الرطثة والجا ة ل   الحا)  ـ  حص مقاومة اذنضغاط " أوذ حص نفاذية الغاز 
 

- :إن المعادلة العامة لقياس النفاذية يمكن التعبير عنها كما مبين 
) t × a × h) / (p × v  ) P= 

 
- :حيث أن 

P  = راـ النفاذية. 
v  = ³سـ 0111ػػػ-( ³سـ)أو ( مميمتر ) حجـ الاواء المار خلاؿ النموذج. 
h  = سـ 6ػػػ -( سـ )ارتفاع النموذج المفحوص. 
p  = ( . ²سـ/ غـ )ضغط الاواء أ ناء مرورم ثالعينة 
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a  = ( .²سـ) 80.60ػػ -( ²سـ)مساحة مقطع النموذج 
t   = (.ة دايق) الزمف اللازـ لمرور الاواء خلاؿ العينة 

 وأممػ مقاومة اذنضغاط  يتـ  حراا ثجااز الفحص الذي يحتوي مقياسيف احدذما لمقاومة الضػغط الرطػب  أما
 .²سـ/ كغـ(  5.6)لمحالة الجا ة ولحد اراءة  والآخر. ²سـ/ كغـ  (1.3)اراءة ل   دح

 
- : خطوات العمل

والػواردة موارػفاتاا  ػ  الجػداوؿ  0-0لفقػرة تـ تحضير المػواد المسػتعممة  ػ  الثحػث والمػذكورة  ػ  ثدايػة ا أفثعد 
مػف نمػاذج ثػدوف " امنا ثتحضػير المػزي  الرممػ   ػ  كػؿ حالػة  ػـ تحضػير نمػاذج الفحػص مناػا اثتػداء( 8-0-0)

غـ كما ( 011)كؿ خمطة  اثتة  أوزافوكانت " تثاما( 0)النسب المثينة    الجدوؿ راـ  ثإضا ة ـ الخثث  إضا ة
غػػـ لكػػؿ مناػػا  ػػ  كػػؿ  00 ," أيضػػانايػػت والمػػاء المضػػاؼ كانػػت  اثتػػة و سػػثة الثنتن فأكمػػا ( 0) ػػ  الجػػدوؿ راػػـ 

 .خمطة 
مػػػت المجػػػاؿ الخػػػاص ثالثحػػػث  ممػػػ  التػػػوال  حيػػػث م( % 81,01,01,01)نسػػػب مػػػف الخثػػػث  إضػػػا ة ثػػػدأت ػػػـ 

  مم( 6)ويحتوي الجدوؿ راـ . ورنعت مف كؿ مناا مينات اياسية لفحص النفاذية ومقاومة اذنضغاط الرطب 
 . نتائ  تمؾ الفحورات 

( ºـ861)دايقة    درجػة حػرارة ( 76)   الحالة الجا ة  قد تـ تجفيؼ النماذج المرنعة     رف خاص لمدة  أما
وثعد ترؾ العينات المجففة لتثرد تػـ  حػص النفاذيػة ومقاومػة اذنضػغاط  ػ  الجاػاز المػذكور وذػو الوحيػد المتػو ر 

تحديػد مقاومػة اذنضػغاط الجػاؼ ثػدوف اسػتخداـ  أمكػفحيث ( 5)الجدوؿ راـ    المختثر وكانت النتائ  كما    
ثسػثب محدوديػة اػراءة الجاػاز  الأممػ ذا  ػ  النسػب دولػـ يمكػف تحديػ. خثث (% 81) إضا ةالخثث وكذلؾ مند 

 .وحدة ( 00)كانت  اثتة ولـ تتجاوز  الأخيرةلحالة اة    ينتيجة  حص النفاذ أفممما .
 

 Results –نتائج البحث 
 ػػ  الحػػالتيف الرطثػػة والجا ػػة لقػػد كانػػت نتػػائ   حػػص مقاومػػة اذنضػػغاط ونفاذيػػة الغػػاز لممػػزي  الرممػػ  كمػػا مثػػيف 

مف الخثث وثقية مكونػات ( 0)   الجدوؿ راـ  المثينةنسب الاؿ ماستعوذلؾ مند ( 6)   الجدوؿ راـ جيدة وكما 
 :مزي  الرمؿ حيث 

 إلػػػػػ ثػػػػػدوف اسػػػػػتخداـ الخثػػػػػث  ²سػػػػػـ/ كغػػػػػـ 1.00ثػػػػػة مػػػػػف تحسػػػػػنت مقاومػػػػػة اذنضػػػػػغاط  ػػػػػ  الحالػػػػػة الرط           
 ".الضعؼ تقريثا إل ػػػػ أي ثزيادة % 01مند نسثة خثث  ²سـ/ كغـ 1.006

  01وحػدة ثاسػتخداـ  77 إلػ وحػدة ثػدوف الخثػث  05كما تحسػنت نفاذيػة الغػاز  ػ  الحالػة الرطثػة مػف %
 ( .6)راـ خثث كما    الجدوؿ 
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 ²سػػـ/ كغػػـ( 5.6) إلػػ ثػػدوف الخثػػث  ²سػػـ/ كغػػـ 6.5 ػػ  الحالػػة الجا ػػة مػػف  وتحسػػنت مقاومػػة اذنضػػغاط 
   ان  لـ يمكف الحروؿ مم  نتائ  محددة لمقاومة اذنضغاط " ممما( % 81)الخثث  إضا ةمند ثداية 

 .²سـ/ كغـ( 5.6)ذ  اراءة لجااز الفحص  أمم ذف خثث ( % 81)مف نسثة  لأك رالحالة الجا ة 

 اسػػتخداـ خثػػث الحديػػد  ػػ  تحسػػيف موارػػفات  إمكانيػػةلمامػػة لاػػذا الثحػػث ذػػو تحقيػػؽ ولعػػؿ مػػف النتػػائ  ا
 .مزي  الرماؿ    الوات الذي يشكؿ استخدام   ائدة كثيرة لمثيئة 

 
- :Of Results  Discusionمناقشة النتائج ـــ 
 .ثيئية و  ااترادية و   تكنولوجية أو   نية نظرجاات و مف  إلياانظر ال يجبلمنااشة نتائ  الثحث 

ثالحجوـ المناسثة لحجوـ حثيثات رماؿ السيميكا المستعممة الحديد استخداـ مسحوؽ خثث  أدىالفنية  الناحية مف 
ثاسػتعماؿ الخثػث وزيػادة اػيـ  ػ  الحالػة الرطثػة ( 6)زي  الرمم  كما مثيف    الجدوؿ راػـ متحسيف خواص ال إل 

الخثػػػث  أف إلػػػ ويعػػػود السػػػثب  ػػػ  ذلػػػؾ , ثػػػث المسػػػتعممة نسػػػب الخ زادت كممػػػامقاومػػػة اذنضػػػغاط ونفاذيػػػة الغػػػاز 
سػنت الخػواص حكمػا ت.المػزي  الرممػ    ػ  إضػا يةكمػادة راثطػة " مامػا" ػػػ الزجاجية يمعب دورا الإسمنتيةثخوار  
 إلػػػ  أدىوذػػػذا .وثػػػذلؾ تحققػػػت الفائػػػدة الفنيػػػة جػػػراء اسػػػتخداـ مسػػػحوؽ الخثػػػث  ػػػ  المػػػزي  الرممػػػ  "أيضػػػاالجا ػػػة 

 ػ  مف وزف رمؿ السػيميكا المسػتعمؿ % 01مند ثموغ نسثة الخثث    المزي  " تقريثا اذنضغاط مةو مقامضامفة 
ا اػزيادت تأشػيرخثػث ولػـ يمكػف ( % 01)و(% 81) إضػا ةالحالة الرطثة    حيف ازدادت    الحالة الجا ة منػد 

 .( 5)مف ذذم النسب كما يتضح    الجدوؿ راـ  لأك رثالتحديد 
مػػف رمػػؿ السػػيميكا  كغػػـ( 8.011-1.161)اسػػتعماؿ  إلػػ  ػػاف المرػػادر العمميػػة تشػػير , دية ومػػف الناحيػػة اذاترػػا

لكػػؿ طػػف / دوذر أمريكػػ  (  61)واف كمفػػة رمػػؿ السػػيميكا المسػػتعمؿ تعػػادؿ لكػػؿ طػػف مػػف المرػػثوثات الحديديػػة 
ا ومنػػد لكػػؿ طػػف مػػف رمػػؿ السػػيميك/ دوذر أمريكػػ  ( 61)وذػػو مػػا يقػػارب المرػػادر الثريطانيػػة  مسػػثوكات حسػػب

طػف مسػحوؽ الخثػث الػذي اسػتعيض ثػ  مػف الرمػؿ  أفالتعويض مف رمؿ السيميكا ثخثث الحديػد  ػاف ذلػؾ يعنػ  
ذا.لمطف الواحد مف الخثث  أمريك دوذر ( 61)ذو نفس المثمك ػػػ أي   أمػرالػنقص  ػ  كميػات الرمػاؿ  أفمممنا  وا 

 ان  يجب التعويض من  ثرماؿ , ات رممية وغيرذا نفاي أوالمسثوكات سواء كغثار  إنتاجاستعمال      أ ناءحتم  
يزيػد " واضػحا" ااترػاديا"  ػاف ذلػؾ يحقػؽ مػردودا الرمػاؿ مػف% 01مػف " و   حالة اسػتخداـ الخثػث ثػدذ .جديدة 
دوذر ( 7-0)تتػػراوح ثػػيف " كمفػػة تحضػػير الخثػػث مالميػػا أف" مممػػا. لكػػؿ طػػف مسػػثوكات  أمريكػػ دوذر  01مػػف 

مػػف  لا ػػة  أك ػػرايمػػة الخثػػث ازدادت  أفوذػػذا يعنػػ  .حسػػب مرػػادر امريكيػػة متعػػددة  –لكػػؿ طػػف خثػػث /أمريكػػ  
ذ مفػر منػ  منػد  أمػرمػف الناحيػة الثيئيػة  ػاف تكػوف الخثػث  أمػا.كمفتاا مند اسػتخداماا  ػ  مػزي  الرمػؿ  أضعاؼ

ف مػػئػػة ولكػػوف الخثػػث ممػػوث ثيئػػ   ػػاف توجيػػ  اسػػتخدام   ػػ  مجػػاذت نا عػػة تحقػػؽ سػػلامة الثي, رػػار المعػػادف 
وحػدة تحضػير الخثػث  ػ   إنشػاء أفومف ذنػا يمكػف القػوؿ .مف تكاليؼ نقم  لمتخمص من  " تأ يرات  الضارة  ضلا

ـ الناممػة و يعػود ممػ  تمػؾ المسػاثؾ ثالفائػدة حيػث يمكػف اسػتخداـ الحجػ –الواسع  الإنتاجخارة ذات  –المساثؾ 
 .وغيرذا الإنشائيةم ؿ  رىأخمن     مزي  رمؿ السثاكة والحجوـ الكثيرة    استعماذت 
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 -: CONCLUSIONSالاستنتاجات ــــ 

مػف خػػلاؿ نتػائ  ذػػذا الثحػػث يمكػف الػػتخمص مػػف العوامػؿ الممو ػػة لمثيئػػة التػ  يسػػثثاا خثػػث الحديػد النػػات  مػػف 
زيػادة  مكػفأحيػث مػف طرحػ   ػ  الثيئػة " المساثؾ ثاذستفادة من     تحسيف خواص مزي  رماؿ السثاكة ثػدذ

 إفالخثػث كمػا  إضا ةمما كانت ممي  ثدوف ( % 71)  الحالة الرطثة لممزي  الرمم  ثنسثة حوال  النفاذية  
خفػػ  زيػػادة مقاومػػة تكمػػا ذ( % 01)ضػػعفاا منػػد ثمػػوغ نسػػثة خثػػث  إلػػ مقاومػػة اذنضػػغاط الرطػػب ازدادت 

ؾ وممػػ  ضػػػوء ذلػػػ( 6,5)كمػػا يتضػػػح مػػف الجػػػداوؿ ( % 81,01)اذنضػػغاط الجا ػػػة  ػػ  حػػػالت  نسػػثة خثػػػث 
مجمػػػع تعػػػدين  لغػػػرض تكسػػػير  أووحػػػدة تكسػػػير الخثػػػث مناسػػثة  ػػػ  كػػػؿ مسػػػثؾ  إنشػػػاءيرػػثح مػػػف المناسػػػب 

ممػـ ( 80-6" )حجمػا والأكثػر   المػزي  الرممػ   مدة مناا الناممة أغراضوطحف الخثث واذستفادة من     
خػػارج  أمػػاكف لػػ إتكػػاليؼ نقمػػ   إلػػ  ػػ  نفػػس موااػػع تكػػوف الخثػػث دوف الحاجػػة  الإنشػػائية ػػ  اذسػػتخدامات 

 .المسثؾ 
 تصنيف رمال السباكة حسب حجم حبيباتها( 1)جدول رقم 

 الرقم (ممم)حجم الفتحات  الفصيمة تسمية فصيمة الرمل (ممم)حجم الحبيبات 
 8 ((0.4,0.63,1 150 كثير الحجـ 1.0-0.4

 0 (0.315,0.4,0.63) 10 "خشف جدا 0.63-0.315
 0 ((0.4,0.315,0.25 1086 خشف 0.4-0.25

 0 ((0.315,0.25,0.16 106 متوسط 1.85-1.086
 6 ((0.1,0.16,0.25 185 نامـ 0.25-0.10

 5 ((0.063,0.1,0.16 18 "نامـ جدا 1.150-1.85
 7 ((0.063,0.05,0.01 1150 اك ر نعومة 0.10-0.05

 1 (غثار نامـ,  (0.0063,0.005 116 دايؽ النعومة (ااؿ مف0.05>(
**Prof.N.P.Dubinina Steel Casting Handbook Moscow 1961.    :- المصدر 

      **   Gost 2138-56والمواصفة الروسية                                           
 نتائج غربمة الخبث المطحون المستعمل في البحث( 2)جدول رقم 

 التسمسل الشبكة رقم ممم /فتحة المنخل غم  /الكمية المتبقية فوق كل منخل نسبة التجمع
 0.143 0.1 0 8 
0.144 1.101 8.7 6 0 
21.155 0.008 8.1 81 0 
73.42 7.000 781 01 0 
244.33 80.085 611 01 6 
600.36 01.180 061 01 5 
1048.48 05.080 061 61 7 
833.65 85.570 861 71 1 
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403.13 6.760 815 811 0 
253.3 0.600 76 001 81 
224.84 8.100 60 011 88 
 80 001 الأخيرالوماء  0.878 651.3

      00.078       المجموع   0060.110  المجموع
 434816=  43544289= درجة نعومة الخبث 

           994371   
 نتائج غربمة الرمل ارضمة المستعمل في البحث( 3)جدول رقم 

الكمية المتبقية فوق كل  نسبة التجمع
 التسمسل (الغربيل)رقم الشبكة   (ممم)منخل فتحة ال (غم)منخل 

 1.855 0.1 0 8 
1.865 1.160 8.7 6 0 
00.106 0.110 8.1 81 0 
78.701 7.870 781 01 0 
068.501 80.618 611 01 6 
601.001 80.518 061 01 5 
8106.101 07.005 061 61 7 
101.061 87.050 861 71 1 
006.851 0.711 815 811 0 
007.811 0.078 76 001 81 
06.111 1.880 60 011 88 
 80 001 الأخيرالوماء  0.716 106.611

    00.110  المجموع  0056.81المجموع 
 434712=  4365412  = درجة نعومة الرمل 

           994861 
 مكونات مزيج الرمل المستعمل مع الخبث( 4)جدول رقم 

وزن الماء 
 (غم)وزن الخبث  (غم)يتوزن البنتونا ((غم)مممتر)

 (غم)وزن الخمطة (غم)وزن الرمل ونسبته
 ما عدا الماء

رقم 
 الخمطة

00 00 1 075 011 8 
00 00 07 - (81)% 000 011 0 
00 00 70 - (01)% 010 011 0 
00 00 888 -  (01)% 056 011 0 
00 00 861 -  (01)% 005 011 6 
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 اط الرطب ونفاذية الغازنتائج فحص مقاومة الانضغ( 5)جدول رقم 
نسبة الخبث  النفاذية الرطبة (²سم/كغم)مقاومة الانضغاط 

 رقم الخمطة %المضاف 
 القراءات المعدل القراءات المعدل
1.00 
 

1.01 
1.01 05 07 

06 
1% 
 

8 
 

1.07 1.05 
1.01 51 50 

70 81% 0 

1.016 1.01 
1.08 70 71 

71 01% 0 

1.00 1.01 
1.00 76 70 

77 01% 0 

1.006 1.00 
1.05 77 70 

70 01% 6 
 

 نتائج فحص مقاومة الانضغاط الجاف ونفاذية الغاز( 6)جدول رقم 
مقاومة الانضغاط الجاف 

 رقم الخمطة %نسبة الخبث المضاف  النفاذية الجافة (²سم/كغم)

6.5 00 
00 1% 8 

5.6 00 
00 81% 0 

 5.6مف  أك ر
00 
00 01% 0 

 5.6مف  أك ر
00 
00 01% 0 

 5.6مف  أك ر
00 
00 01% 6 
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 مجموعة الغرابيل الميكانيكية المستخدمة في الفحص حسب( 1)شكل رقم 
 (BS 410/1976)المواصفة البريطانية  

 
 
 
 
 
 
 
 
 
 
 
 
 

 العلاقة بين نسبة الخبث ومقاومة الانضغاط الرطب( 2)شكل رقم 
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 الحالة الرطبةالعلاقة بين نسبة الخبث ورقم النفاذية في ( 3)شكل رقم 
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 المسكن المستدام بين محددات البيئة واعتبارات التصميم

 عمر حازـ خروفة. د
 قسـ الهندسة المعمارية -مدرس 

 كمية الهندسة ػ جامعة الموصؿ
 

 الممخص 
يمثػػؿ فػػدؼ ااسػػودامة واحػػدا مػػف  فػػـ اسفػػداؼ الوػػن يسػػع  المعمػػاريوف اليػػوـ  لػػ  وح ي هػػا       

صػػدارض نػػمف مجموعػػة العوامػػؿ الموصػػمة  لػػ  فػػ ا الهػػدؼ     ويبػرز العامػػؿ ااقوصػػادت ليحوػػؿ ال
يظهر وػثثير فػ ا العامػؿ بونػوث  كثػر فػن ماػارين اقسػكاف م ارنػة بػاسنواع اسخػر، مػف اسبنيػة  
ومػف خػ ؿ  لػؾ   ف ػد اعومػد  عػدض محػاوا  ووجػارل فػن مجػاؿ اقسػكاف ااقوصػادت مػنخ ض 

فػ   المحػاوا  بجوانػل عديػدض  ا  صػمة بمونػوع الكم ة فن  ماكف مخوم ة مف العالـ  واروبط  
وح يػػؽ ااقوصػػادية الممكنػػة لممسػػكف عمػػ  كافػػة المسػػوويا   وعمػػ  الػػردـ مػػف المحػػاوا  العديػػدض 
الون وـ اعومادفا عم  المسوو، المحمن لونػن خطػوط عامػة لووجهػا  اقسػكاف ااقوصػادت فػثف 

 لػػػ  المونػػػوع نػػػمف محػػػددا  البيلػػػة  النوػػػالم لػػػـ وكػػػف بالمسػػػوو، المطمػػػول خاصػػػة   ا مػػػا نظرنػػػا
 .   المحمية واعوباراوها المناخية ال اسية

يوناوؿ ف ا البحث اروط المسكف المسوداـ نمف محوريف  اسوؿ بيلػن يراعػن اػروط البيلػة      
المحميػػػػة والثػػػػانن مناػػػػلن يػػػػروبط بوحديػػػػد  نمػػػػاط ووسػػػػالؿ ومػػػػواد اقناػػػػا   ويمثػػػػؿ المحػػػػور الثػػػػانن 

بالوصميـ مػف حيػث طػرؽ ووسػالؿ الواػييد  كمػا ويعطػن المحػوريف مجومعػيف  ااعوبارا  الخاصة
 .مف خ ؿ و رعاوهما مداخؿ مهمة لوح يؽ فدؼ ااسودامة لممسكف

اعومػػػد البحػػػث اسسػػػمول الوصػػػ ن الوحميمػػػن لعػػػدض نمػػػا ة سػػػكنية اقوصػػػادية من ػػػ ض فػػػن  مػػػاكف      
 .ا محمياااسو ادض منه مخوم ة مف العالـ و عط  و ييما قمكانية
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SUSTAINABLE HOUSE BETWEEN ENVIRONMENT DETERMINERS AND  

DESIGN CONSIDERATIONS  

ABSTRACT  

The aim of sustainability represents one of the most important aims that most 

architects sought for achieving it. Thus, the economical factor appears to have the 

priority within the set of factors leading to this aim, where the effect of this factor 

appears much clearly in housing projects in comparison to other types of buildings. 

Therefore, many attempts and experiments were adopted in the field of economical 

low cost housing in different places of world. These attempts were associated with 

many aspects concerning the subject of achieving the possible economy of house of 

all levels.  

In spite of the numerous attempts that were adopted on the local level for 

putting general lines for the economical housing directions; the results were not in the 

desired level especially if we look at the subject within the determiners of local 

environment and their hard climatic considerations.  

This research deals with the conditions of sustainable house within two pivots; 

the first is environmental that looks after the conditions of local environment and the 

second is constructive where it is related to determine the modes, devices and 

constructional material. The second pivot represents the considerations concerning the 

design regarding the methods and devices of construction. Thus, the two pivots 

together throughout their subdividing give important stages for achieving the aim of 

sustainability of house.  

The research depends on the analytical descriptive technique for several 

economical executive housing samples in different places of world and gives and 

evaluation of the possibility of getting benefit of them locally.  

 :مقدمة
ل ػػػد وزامنػػػ  حاجػػػة اقنسػػػاف المسػػػومرض  لػػػ  المسػػػكف مػػػن حاجوػػػ  لوػػػثميف الجانػػػل ااقوصػػػادت      

ومواجهة الظروؼ الصعبة  فكاف  ف جا   المساكف اسول  بسيطة لمغاية ثـ ما لبث   ف وع ػد  
ؼ مػن من وطور الزمف وازدياد الحاجا  اقنسانية  ولكف المصمميف ومكنوا مػف الوكيػ" فايلا" ايلا

فػػ ا الجانػػل لوػػثون المسػػاكف مووازنػػة بػػيف وح يػػؽ ناحيػػة وظي يػػة م لمػػة وكم ػػة مع ولػػة يراعػػ  فيهػػا 
الجانػػل ااقوصػػادت  فنػػ  عػػف اعومػػاد طػػرؽ ووسػػالؿ مناسػػبة لمواػػييد مػػن نػػرورض الوكيػػؼ مػػن 
البيلػػة واعوباراوهػػا المخوم ػػة  ومػػف خػػ ؿ مجمػػؿ الجوانػػل السػػاب ة وظهػػر  مكانيػػة وح يػػؽ الوواصػػؿ 
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والديمومػة لممسػكف نػػمف  طػار م هػػوـ ااسػودامة بووجهاوػػ  المخوم ػة  ومػػف فنػا ف ػػد مثػؿ مونػػوع 
 .المشكمة العامة لمبحثالمسكف المسوداـ 

وخػػ ؿ النصػػؼ الثػػانن مػػف ال ػػرف العاػػريف ظهػػر انطبػػاع بوجػػود ع قػػة مػػ ثرض بػػيف ووجهػػا       
  وبرز  ماكمة عدـ قدرض الػدوؿ عمػ  معمارية معينة وبيف ماارين اقسكاف فن دوؿ العالـ الثالث

وثميف العػدد الكػافن مػف المسػاكف ال زمػة قيػوا  اسعػداد الموزايػدض مػف السػكاف وخاصػة فػن المػدف 
المكوظػػػة والكبيػػػرض  ول ػػػد ظهػػػر  جممػػػة م ػػػافيـ مروبطػػػة باقسػػػكاف مػػػنخ ض الكم ػػػة  وكانػػػ  ومػػػؾ 

مثمػ  بالسػعن نحػو وح يػؽ فػدؼ الم افيـ وحمؿ سمة ماوركة فن كؿ المناطؽ الون ظهر  فيها و
الوواصؿ لممسكف نمف جوانل عديدض منها الجانبيف البيلن و المنالن  فظهر  الماكمة الخاصة 

الننقص المعرفنف فيمنا يتعمنق بتقينيم يمكانينة تجبينق تجنار  عالمينة ناجحنة : لمبحػث وومثمػ  بػػ 
 . ةلمساكن مستدامة ضمن البيئة المحمية باعتباراتها المناخية والمنشئي

ل د ركّز البحث عم  ح ي ػة م ادفػا   نػ  فػن الػدوؿ الناميػة  وفػن ومػؾ الػدوؿ الوػن وعػانن مػف      
عجػػز فػػن الرصػػيد السػػكنن و فػػن  نوػػاة الوحػػدا  السػػكنية  يمكػػف م حظػػة وكيّػػؼ فػػن  ناػػا  فػػ   
الوحػػدا   بمػػا ب لػػـ الظػػروؼ ااقوصػػادية الوػػن ومػػػر بهػػا ومػػؾ الػػدوؿ  وجػػا  فػػ ا الوكيّػػؼ بصػػػي  

ديػػدض منهػػا مػػا فػػو بيلػػن ومنهػػا مػػا فػػو مناػػلن  ومنهػػا مػػا فػػو وظي ػػن  وسػػنكو ن فػػن فػػ ا البحػػث ع
 .بوحميؿ الجوانل البيلية والمنالية نظرا لواعل المونوع

 :أهداف البحث
 :ل د حدد البحث فدفيف وانحيف حاوؿ وح ي هما وومث  بما يمن     
 فيمػػا  (المسػػوداـ)اف ااقوصػػادت الكاػػؼ عػػف الوجػػارل العالميػػة المعومػػدض فػػن مجػػاؿ اقسػػك

 .يوعمؽ بوحميؿ الجوانل البيلية والمنالية
  محاولػة الووصػؿ  لػ  سػػياؽ وانػن قمكانيػة وطبيػؽ ومػػؾ الوجػارل عمػ  المسػوو، المحمػػن

 .باعوباراو  البيلوية والمنالية
 :فرضيات البحث

 :ف الواليويفلغرض الووصؿ  ل  وح يؽ الهدفيف الساب يف ف د وناوؿ البحث ال رنيوي     
الوعامػؿ مػن ث ثػة   ف الوصوؿ  ل  وحميؿ الجوانل البيلية لممنظومة السػكنية فيزياويػا ي ودنػا  لػ -

طبيعػة البيلػة الوػن ن ػ  فيهػا الماػروع  مػد، وواف هػا مػن البيلػة المحميػة  ): جوانل  ساسية وومثػؿ بػػ
مكانية الوحوير فن الماروع لكن يو  ـ من طابن العمارض المحمي  (.ةوا 

يمكػػف اعوبػػار الوكنولوجيػػا المطروحػػة مػػف خػػ ؿ وحميػػؿ الماػػارين م لمػػة لوحديػػد سػػياؽ محمػػن -2
ناجن مناليا فن مجػاؿ عمػارض المسػاكف المسػودامة   ا كانػ  فػ   الوكنولوجيػا ايجابيػة فػن ع قوهػا 

مػػف  وػوفر الو نيػػة عمػػ  المسػػوو، المحمػػن  وػوفر المػػواد  والجانػػل الوعبيػػرت: )مػن ث ثػػة عوامػػؿ فػػن
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حيث اانسجاـ من طابن العمارض المحمية لوح يؽ بعض الم افيـ ااجوماعية كالعزؿ والخصوصػية 
        (.  والووافؽ من المجاورا  نمف بيلة حنرية معينة

 :مجم  لمجميعالمسكن المستدام 
حيػا الغاية المباارض لمسكف منخ ض الكم ة فن وحسيف المثو،   ف        ػرا  الحالػة المعياػية لم وا 

والمحروميف فن  ماكف موعددض مف العالـ وخاصة فن البمداف النامية  حيػث ووجػد  عػداد كبيػرض مػف 
يسػػوطيعوف وػػوفير مػثو، مناسػػل وو و ػػد معياػػوهـ لمخػدما  النػػرورية المروبطػػة بالسػػكف   الػ يف ا

الخيػػػار فػػػن  ف وعػػػيش فػػػن ظػػػؿ ظػػػروؼ ديػػػر م بولػػػة مػػػف حيػػػث   اوممػػػؾ  كمػػػا  ف فػػػ   ال لػػػة ا
 (. 7888المدينة العربية   ) السكانن وانعداـ اسمف والنظافة والبيلة الصحية السميمة  كوظاظاا

الكثيػر مػف   ف ومف خ ؿ  لؾ فثف السعن  ل  وح يؽ فدؼ المسػكف المسػوداـ يعػالم ماػكمة     
محػػدودت الػػدخؿ ديػػر قػػادريف عمػػ  وحسػػيف ظػػروؼ معياػػوهـ بسػػبل افو ػػارفـ لمػػدعـ الحكػػومن مػػن 

فعالػػة ونػػعها الحكومػػا     سػػوراويجياديػػر كافيػػة  ممػػا يوطمػػل "  صػػ ولهـ الوػػن فػػن ثبػػو  دخػػ
ووكوف  ا  مرونة عالية سنها ووعامؿ مػن طب ػة مػف النػاس ومثػؿ اليػد العاممػة الوػن يظهػر وثثيرفػا 

 اقسػكافف ماػروع كػ لؾ فػث (.  Suyono & Juliman , 1999 , P.20) ية دقوصػاالوانػن عمػ  السياسػة اا
الوصػػاميـ المطموبػػة عمػػ  مسػػوو، الوحػػدض   عػػداديوطمػػل وػػوفير اسرض الم لمػػة  ثػػـ  عػػاـ باػػكؿ 

السكنية الم ردض ثـ عم  مسوو، الماروع السكنن ككؿ  من مراعػاض اسػويعال الماػروع سكبػر عػدد 
 (. Aranya , 2001 , P.21) مف السكاف نمف ظروؼ معياية م لمة 

باػػكؿ عػاـ  وفػن مػ ثرض فػػن  اقسػكافة وعوبػر مػػ ثرض فػن ح ػؿ الناحيػة العمميػة والوكنولوجيػ  ف     
 قسػكافالسياسػا  الموبعػة   حػد،كون  يمثػؿ  (المسوداـ)ااقوصادت  باقسكافالجزليا  المروبطة 

 عػػػداد كبيػػػرض مػػػف الباػػػر خاصػػػة فػػػن الػػػدوؿ الناميػػػة وال  يػػػرض  واف ومػػػؾ الػػػدوؿ الوػػػن  صػػػبح  اليػػػوـ 
وػػػوفير المسػػػاكف لهػػػ   اسعػػػداد   مكانيػػػةجػػػز فالػػػؿ فػػػن حػػػد كبيػػػر باوػػػ  وعػػػانن مػػػف ع  لػػػ مكوظػػػة 

 ة سػػوراويجيالموزايػػدض مػػف السػػكاف  ول ػػد رفعػػ  اسمػػـ الموحػػدض اػػعار وح يػػؽ المػػثو، لمجميػػن ووبنػػ  
 ف وػوفير المػثو،    فعالة خ ؿ الع ػد اسخيػر ممػف ال ػرف العاػريف مػف  جػؿ وح يػؽ فػ ا الاػعار  

 (.  Mathur , 1992 , P .1,12)  ينبغن وح ي    نساننلكافة المجامين البارية فو مطمل 

يمثؿ طموث الكثيريف فن  دمل مناطؽ  لمسكف المسوداـبثف وح يؽ ا (Parry-2000)وي كد      
م ومػا  و فمهػا سف وػوفر السػكف الم لػـ لمواطنيهػا   لػ العالـ  خاصة فن ومؾ الػدوؿ الوػن و و ػر 

فػػػ ا النػػػوع مػػػف المسػػػاكف  و ػػػؼ  مػػػاـ وػػػوفيروحػػػ  ظػػػروؼ طبيعيػػػة  واف مػػػف  فػػػـ الع بػػػا  الوػػػن 
يمكػف وح يػؽ  فػن وػوفير المػواد البناليػة المناسػبة بثسػعار زفيػدض  وا ااقوصادية رخيصػة الوكػاليؼ

 خاصػػة فػن الػدوؿ الوػػن ا ل سػويراد و  واقنوػاةمػف خػػ ؿ سياسػا  منظمػة لمعمػػؿ   افػ ا اسمػر 
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السكف العصرت الموطػور نػمف البيلػة الحنػرية  مف وح يؽ" ومكنها موادفا اسولية المووفرض محميا
        (.  Parry , 2000 , P.3) مف الخارة  نافية الحديثة مما يوطمل البحث عف مناف  

 (:المستدام)الدراسات السابقة حول موضوع الإسكان الاقتصادي 

ادت ل ػػػد ظهػػػر  الكثيػػػر مػػػف الدراسػػػا  السػػػاب ة الوػػػن  اػػػار   لػػػ  مونػػػوع اقسػػػكاف ااقوصػػػ     
  وكانػػ  فػػ   الدراسػػا  فػػن  مػػاكف مخوم ػػة مػػف العػػالـ وباػػكؿ خػػاص فػػن دوؿ العػػالـ (المسػػوداـ)

الثالث  وركّز  عم  جوانل مخوم ة  ا  صمة بوح يؽ الجانل ااقوصادت فن المسػكف سػوا  مػف 
حيػػث الوعامػػؿ مػػن الكثافػػا  السػػكانية العاليػػة وماػػاكؿ خػػدما  البنيػػة الوحويػػة   و مػػف حيػػث وػػوفير 

اسرانن الخاصة ودير  لػؾ مػف الجوانػل اسخػر،  ولكػف المهػـ فػو ونػاوؿ بعػض الدراسػا   قطن
المروبطة بالجانبيف البيلن و المناػلن سػعيا ورا  وح يػؽ فػدؼ ااسػودامة لممسػكف بمػا يخػدـ ووجػ  

 .البحث
( Morton-1976) يونػاوؿ(    Low Cost Housing In The USSR: ) ف ن دراسػو       

فن اقوحاد السوفيون السابؽ      دخؿ ااحصا آ  الرقميػة الخاصػة بثعػداد ال طػن  ماكمة السكف
فػػن  1950 – 1973السػػكنية والماػػارين المن ػػ ض ثػػـ المسػػاحا  المخصصػػة لمسػػكف لم وػػرض مػػف 

محاولة لمحصوؿ عم  العجز الح ي ن فن السكف ثـ وحديد ااحوياجا  المسو بمية فن نو  النمو 
 لػ  طػرؽ اقناػا   Morton  اموػداد الرقعػة الواسػعة لػ لؾ البمػد  وقػد وطػرؽ السكانن الموزايد عمػ

الو ميدية ونرورض ااسو ادض منها ووطويرفػا لػو لـ الو نيػا  الحديثػة وونسػجـ مػن وطػور الوكنولوجيػا 
 .وظهور اسساليل البنالية الحديثة من و ييـ  مكانية الديمومة والوواصؿ لممساكف 

البنا  واسوخداـ الوحدا  ال ياسية فن الوصميـ واقناا  والوصػنين  نمػا ومثػؿ  ف عممية ونميط     
 حػػػد، الطػػػرؽ الرالػػػدض فػػػن السػػػيطرض عمػػػ  الكم ػػػة خاصػػػة فػػػن الماػػػارين السػػػكنية الوػػػن وواػػػاب  فيهػػػا 

ومػػف خػػ ؿ وناولػػ  لنمػػا ة مػػف دور سػػكنية نػػمف . (  Morton , 1976 , PP.110 – 111) الوظػػالؼ 
لومػؾ النمػا ة " وحمػي ( Morton)فن ااوحاد السوفيون السابؽ  ف ػد عػرض  ماارين  سكاف من  ض

وطػػرّؽ فيػػػ   لػػ  الم ورحػػػا  والحمػػوؿ الخاصػػػة بنػػرورض جعػػػؿ المسػػكف اقوصػػػادت  لػػ   قصػػػ  حػػػد 
ممكػػف خاصػػة عنػػدما يػػروبط اسمػػر باسػػكاف  وت الػػدخؿ المػػنخ ض الػػ يف  صػػبحوا اليػػوـ ياػػكموف 

الموهرلػػػة نػػػمف المنػػػاطؽ ال ديمػػػة لممػػػدف  واف عمميػػػة جعػػػؿ فػػػن مسػػػاكنهـ ال ديمػػػة و " كبيػػػرا" عبلػػػا
المسػكف اقوصػادت ا وعنػن الو ميػؿ مػف ك ػا ض  لػؾ المسػكف بػؿ فػن وػوفير لظػروؼ العػيش نػمف 

 لػػ  نػػرورض وػػثميف السػػكف الم لػػـ ليعػػداد الكبيػػرض مػػف ( Morton)حػػدود دنيػػا م بولػػة  وقػػد وطمػّػن 
 .وحديد  سعار المساكف داخؿ المدف طالبي  مف خ ؿ وخ يض كم ة البنا  وبالوالن

 Davis-1976 (  )Low- Cost Self – Help Housing In Rural)وفػن دراسػة      

Philippines   ) وم  اقاارض  ل  و ميػؿ كمػؼ البنػا  باسػوخداـ مػا يوػوفر مػف مػواد طبيعيػة و لػـ
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ن السػػكنية المن ػػ ض فػػن الحالػػة المناخيػػة السػػالدض وظػػروؼ الموقػػن  ومػػف خػػ ؿ و ييمػػ  سحػػد الماػػاري
بوحميؿ بنيػة ومػؾ المسػاكف  ا  الكمػؼ الواطلػة واسػونوم  ف الحػؿ (    Davis) الريؼ ال مبينن قاـ

مسوداما لطري ة اقناا  وطبيعة " مثاليا" اسمثؿ فو اسوخداـ المواد المحمية المووفرض واقورث نمو جا
ومػػؾ الوظي يػػة المنسػػجمة مػػن طبيعػػة  المػػواد المسػػوخدمة حسػػل الموطمبػػا  البيليػػة لممنط ػػة  وحوػػ 

المجومن الري ن ال ت ي و ػر فػن ونػع  الحػالن  لػ   بسػط الخػدما  اسساسػية الخاصػة بموطمبػا  
عػػف بػػاقن النػػواحن الو نيػػة البسػػيطة بمػػا يػػ مف " السػػكف العصػػرت مػػف خػػدما  البنيػػة الوحويػػة فنػػ 

 .(Davis,1976,p.69)الحد اسدن  مف ظروؼ العيش الصحن الآمف 

ف ػػد ونػػاوؿ مونػػوع اسػػوخداـ مػػادض الخاػػل عمػػ  اػػكؿ  لػػواث (    Haygreen-1976) مػػا      
 : لبنا  المساكف فن بعض الدوؿ النامية  حيث  كر فن دراسو 

 (Wood – Base Panel Materials For Housing In Less Developing 

Countries   )اقناػػا  ااقوصػػادت فػػن بػػثف المػػواد البناليػػة المحميػػة الرخيصػػة وعػػد  فػػـ م ومػػا  
و نيا   ناا  المساكف الري ية باسوخداـ   Haygreen))الدوؿ النامية فن حالة ووفرفا  وقد ناقش 

مػا يػوـ اسػوخداـ الطػيف كمػادض  ساسػية لمبنػا  الري ػن  والماػكمة بر يػ  وػروبط " مادض الخاػل    دالبػا
مػػػف خػػػ ؿ الوطػػػرؽ  لػػػ  الو نيػػػا   بو يػػػيـ مػػػد، ك ػػػا ض اسػػػوخداـ الخاػػػل فػػػن البنػػػا  كمػػػادض  ساسػػػية

عػػػف وػػػثثير الظػػػروؼ والعوامػػػؿ المخوم ػػػة عميهػػػا مػػػف كافػػػة " البناليػػػة المسػػػوخدمة لهػػػ   المػػػادض فنػػػ 
النواحن بما ا ي ثر عم  م اوموهػا وديموموهػا  واف مػف  فػـ الماػاكؿ الرليسػة المروبطػة بمونػوع 

عػف  سػعارفا ثػـ ديموموهػا " فػا فنػ فن ماكمة مػواد البنػا  وووفر ( المسوداـ)اقسكاف ااقوصادت 
وقابميوهػػػا عمػػػ  العػػػزؿ والوحمػػػؿ  و بمعنػػػ  آخػػػر مػػػد، ك ا وهػػػا العمميػػػة     وعػػػد الكثيػػػر مػػػف المػػػواد 

عمػػ  " لمػا يظهػر عميهػػا مػف عيػول بعػػد مػرور فوػرض زمنيػػة قصػيرض نسػببيا" البناليػة ديػر ك ػو ض نظػػرا
 , Haygreen )وع السكف اسقوصادت ااسوعماؿ مما يزيد مف معدؿ السمبيا  المطروحة حوؿ مون

1976 , P.1050  ). 
 :       وفن دراسو      

(Sand Encroachment On Lower – Cost Housing Development In Arid 

Areas)                                    
طوير  ل  مونوع اسوخداـ  نواع خاصة مف الرمؿ كمادض  ساسية فن و(   Akili-1976) اار   

فن اب  الجزيرض العربية ومنط ة الخميم  حيث  كّد عم   ف ( المسودامة)بنا  المساكف ااقوصادية 
ورا  فػرص لمعمػؿ يوطمػل " وزايد  عداد اسسر محدودض الدخؿ مف الوافديف عم  فػ   المنط ػة سػعيا

عرانػ  مف لحكوما  ونن سياسا  فعالة احووا   زمة السكف الناوجة عف  لؾ  ومػف خػ ؿ اسو
 لمػاارين سكنية قميػمة الكم ة منػ  ض فن فورا  زمنية ساب ة   ظػهر
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  ( Akili)  بعض الن اط السمبية الون باقمكاف وجاوزفا خ ؿ ونػن الخطػط الحاليػة والمسػو بمية
" لوح يػػؽ النجػػاث المطمػػول      ف طبيعػػة البيلػػة الصػػحراوية الجافػػة فػػن فػػ   المنط ػػة وػػوفر  نواعػػا

رمػػاؿ الن يػػة الوػػن وعػػد مػػواد  وليػػة مهمػػة فػػن بنػػا  المسػػاكف خاصػػة ومػػؾ الوػػن وحمػػؿ مخوم ػػة مػػف ال
الطػػػابن الو ميػػػدت والاػػػعبن   و بمعنػػػ  آخػػػر ومػػػؾ المسػػػاكف ااقوصػػػادية الوػػػن اعوبػػػر  ناجحػػػة فػػػن 
الوجمعػػا  السػػكنية المحػػدودض قػػرل الماػػارين الصػػناعية وفػػن  طػػراؼ المػػدف والوػػن  صػػبح  اليػػوـ 

لوافديف عم  ف   المنط ة  واف مادض الرمػؿ الن ػن  ا  المواصػ ا  الجيػدض و وت ملا  اسسر مف ا
لومػؾ المػواد " ناجحػا" فيما لو  حسف اسوغ لها لوصنين مواد بنالية مميزض فثنها بالوثكيد سومثؿ بدي 

                    (.   Akili , 1976 , pp.1304 – 1305) الدخيمة 
 (:                                                             Wilson-1976)ك لؾ فناؾ دراسة      

 (Modern Technology Provides Housing Economy And Safety  ) 
الوػػن وطػػرؽ فيهػػا  لػػ  اسػػوخداـ الوكنولوجيػػا الحديثػػة فػػن مجػػاؿ اقسػػكاف مػػف حيػػث وح يػػؽ الناحيػػة 

بح   دمل المناآ  مكم ة من وزايد الطمل عم  ااقوصادية وووفير ااسومرارية واسماف  فم د  ص
مواد البنا  وووسػين رقعػة المػدف وازديػاد اسبنيػة والمرافػؽ الخدميػة والعامػة  ولعػؿ ماػارين اقسػكاف 
فن مف  فـ  نواع الماارين  ا  الع قة المبااػرض بػدخؿ اسفػراد     بػد  السػعن مػن ظهػور و نيػا  

لمناػآ  السػكنية بمػا يجعػؿ ومػؾ الماػارين اقوصػادية بالنسػبة ومواد بنالية حديثة نحو و ميػؿ كمػؼ ا
لمجها  الممولة والمن  ض لها ثـ لماادميف فيما بعد  ومن ازديػاد الطمػل عمػ  المسػاكف ظهػر ووجػ  
نحو اسوغ ؿ و نيػا  بناليػة رخيصػة بعػدما وفػر  الوكنولوجيػا الموطػورض فػن مجػاؿ البنػا  واقناػا  

د جديػػدض  قػػؿ كم ػػة مػػف المػػواد الو ميديػػة السػػاب ة المسػػوخدمة فػػن اسبنيػػة ومػػوا"  مكانػػا  كبيػػرض وحمػػوا
  (.  Wilson , 1976 , P.442) باكؿ عاـ وفن المساكف خاصة 

( المسػودامة)ف ػد وطرقػا  لػ  نوعيػة خاصػة مػف المسػاكف ( Seaton & Vogel-1976) مػا      
كف ااعوياديػة فػن بعػض الػدوؿ  منخ نة الكم ة مف خ ؿ  مكانية اسوخدامها كبػديؿ نػاجن لممسػا

 :و لؾ فن دراسوهما الون حمم  عنواف
  (The Mobile Home As A Source Of Lower Cost Housing   ) ف بعػض    

الماػػارين الخدميػػة الوػػن و ػػاـ فػػن منػػاطؽ ناليػػة ومعزولػػة وحوػػاة  لػػ  نوعيػػة خاصػػة مػػف المسػػاكف 
ل  ف وحمؿ المرونة ال زمػة لن مهػا مػف مكػاف لخدمة العامميف فيها  واف ومؾ المساكف الخاصة يج

عمػػ  ميزانيػػة الماػػروع  ولهػػ   اسسػػبال وػػـ " عػػف كونهػػا قميمػػة الكم ػػة وا وػػ ثر سػػمبا" لآخػػر فنػػ 
اسوخداـ المنازؿ الموحركة الون يسهؿ وحريكها حسل الحاجة والون مف الممكف اسوخدامها نػمف 

اف فػػ   النوعيػة الخاصػػة مػػف المسػػاكف ظػروؼ خاصػػة فػػن موقػن معػػيف حوػػ  فػػن داخػؿ المدينػػة  و 
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" الموحركة باقمكاف  ف وسافـ  ل  حد ما فن حؿ مااكؿ السكف عم  الردػـ مف كونها وػػمثؿ حػ 
 (.& Vogel , 1976 , p.575)  Seaton  ولكنػها عم  العموـ قمػيمة الكم ة واقوصادية باكؿ جيد " م قوا
 :فن دراسو (  Bourne-1976) وناقش      

 Speed Wall: A Low Cost Insulated Concrete Wall System )         ) 
نوعيػػػػػة خاصػػػػػة مػػػػػف الو نيػػػػػا  المناػػػػػلية المسػػػػػوخدمة فػػػػػن المسػػػػػاكف  ا  الكمػػػػػؼ الواطلػػػػػة      ف 
السياسػػا  الموبعػػة فػػن بعػػض الماػػارين السػػكنية ونػػن مجموعػػة مػػف ال يػػود عمػػ  العمػػؿ سسػػبال 

دض الزمنيػػة قناػػا  الماػػروع ممػػا يوطمػػل اقسػػراع فػػن موعػػددض  ومػػف نػػمف ومػػؾ ال يػػود وحديػػد المػػ
بالدرجػة اسولػ   ومػف فنػا ظهػر  " عممية الون ي  بما ا ي ثر عم  نوعية المساكف المنوجة مناليا

 فميػػة اسػػوخداـ  نػػواع خاصػػة سػػريعة الوركيػػل مػػف الجػػدراف الكونكريويػػة العازلػػة  ا  المواصػػ ا  
كم ػػة م ارنػػة بػػاسنواع اسخػػر، الموػػوفرض  واف فػػ   الجػػدراف فػػن الو نيػػة الناجحػػة والوػػن وعوبػػر قميمػػة ال

 لواث مسب ة الصل ون ؿ  ل  موقن العمؿ بعد وصنيعها  واف فػ ا ااسػوخداـ لو نيػة البنػا  الجػافز 
فن الػدوؿ الصػناعية وفػون المجػاؿ انواػارفا واسػوخداما " كبيرا" فن اسبنية السكنية قد  ثب  نجاحا

 .(  Bourne , 1976 , P.915 )فن الكثير مف الدوؿ 
 : اعتبارات البيئة المحمية

 :سيوناوؿ البحث نوعيف مف ااعوبارا  الخاصة بالبيلة المحمية بما يخدـ ووجه  وكما يمن     
 :  الاعتبارات الخاصة بالبيئة المحمية مناخيا-

نبػػػا مهمػػػا ينبغػػػن ومثػػػؿ ااعوبػػػارا  ال اسػػػية لممنػػػات المحمػػػن الموطػػػرؼ فػػػن ال طػػػر العراقػػػن جا     
الوعامؿ مع  مف قبؿ المصمميف بافوماـ بال   ومف الم حػظ  ف  سػاس فكػرض المعالجػا  المناخيػة 
واحػػد بالنسػػبة لمخومػػؼ المنػػاطؽ الجغرافيػػة مػػف حيػػث محاولػػة  يجػػاد الجػػو الم لػػـ لمراحػػة اقنسػػانية 

الخاصػػػة بعػػػادا  وااخػػػو ؼ فػػػو فػػػن الاػػػكؿ والوطبيػػػؽ و سػػػاليل المعالجػػػا  المعالجػػػا  المحميػػػة 
 لػػ   ف ( 2887 –الجػػوادت و النعيمػػن )وو اليػػد العمػػارض فػػن كػػؿ منط ػػة  وفػػن فػػ ا الصػػدد ياػػير 

و ارل البيو  فن العمػارض الوراثيػة المحميػة يمثػؿ  حػد المسػببا  الرليسػة فػن جعػؿ اسحيػا  السػكنية 
كف عػػف بعنػػها  ا  منػػات معوػػدؿ مخومػػؼ عػػف المنػػات العػػاـ المحػػيط بالمنط ػػة  و ف ابوعػػاد المسػػا

بسػبل كبػػر مسػػاحا  اسرانػػن المخصصػة لكػػؿ مسػػكف ودخػػوؿ  -الػبعض فػػن المدينػػة المعاصػػرض 
 (. 7  ص2887الجوادت و النعيمن  )سافـ فن وغيير  بعاد المدينة ومسالكها  –السيارض ووسالط الن ؿ 

ر  ف حػػواس اقنسػػاف وسػػافـ فػػن  يجػػاد الاػػعو ( 7888 –فػػولن و جماعوػػ  )كػػ لؾ ف ػػد  كػػر      
بالراحة نمف بيلة معينة  و ف البيلة الون يناث فيهػا اقنسػاف فػن اسكثػر م  مػة لػ  لمعػيش حوػ  

عػف حػدود الراحػة الم بولػة  نسػانيا  وفنػا يظهػر م هػوـ الوكيػؼ وكيػؼ ( دونما وطرؼ)واف ابوعد  
وفر  ف مااعر ااروياث وجا  المنات فن الون ونائ الاعور بالراحة  ويجل مف خ ؿ  لؾ  ف ووػ
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فن البيلة المعنية ع قا  فيزياوية موناسبة بيف اقنساف والبيلػة الوػن يعمػؿ ويوحػرؾ نػمنها  كمػا 
فن حياض اقنساف يعد  مػرا مهمػا ( الوثممن)والع  نن ( الاعورت) ف الومييز بيف الجانبيف العاط ن 

                 (. 28  ص7888فولن و آخروف  )لوح يؽ الووازف نمف البيلة 
 :الاعتبارات الخاصة بالبيئة المحمية منشئيا-

لما كان  العمارض المحمية نابعة مف  سس وو اليد البيلة المحميػة ومػا يوػوفر فيهػا مػف  مكانػا       
ف د جا   ف   العمارض موواف ة من ما فو موجود نمف ف   البيلة مف مواد ووسػالؿ واػييد وووافػؽ 

مونػػوع اسػػوخداـ المػػواد ( 7882 -الوميمػػن)سػػاس يونػػاوؿ وونسػػجـ مػػن ومػػؾ المػػواد  وعمػػ  فػػ ا اس
المحميػػػة فػػػن البنػػػا  مػػػف خػػػ ؿ  اػػػارو   لػػػ   ف المنػػػاطؽ الوػػػن وموػػػاز بوػػػوفر مػػػواد طبيعيػػػة يمكػػػف 
اسوخدامها فن البنا  واقناا  وعوبر منػاطؽ مكو يػة  اويػا فػن فػ ا الجانػل  ونػمف بيلونػا المحميػة 

خاػػػال فػػػن المنػػػاطؽ الوػػػن ووػػػوفر فيهػػػا  فنػػػ  عػػػف وسػػػوخدـ اسحجػػػار فػػػن المنػػػاطؽ الجبميػػػة واس
اسوخداـ  نواع مف  خر، مف مساكف ال صل والبردت فن اسفوار والمسون عا   فػ ا مػن  ف وػوفر 
مػػػادض الطػػػيف فػػػن جميػػػن  نحػػػا  العػػػالـ جعػػػؿ منهػػػا واحػػػدض مػػػف  كثػػػر المػػػواد اقناػػػالية اسػػػوخداما     

ن اقناػا  قياسػا بػالطرؽ الحديثػة  وبانواػار يسوعمؿ الطيف بطرؽ مخوم ػة  ا  اقوصػادية عاليػة فػ
مػػف فػػ   المػػواد ومػػد، نجاحهػػا عمػػ  كافػػة العمػػـ والمعرفػػة اونػػح  لنػػا وحػػدد  الخػػواص المووخػػاض 

   (.28  ص7882الوميمن  )المسوويا  
كػػ لؾ فػػثف العامػػؿ المناػػلن بػػالووافؽ مػػن وح يػػؽ الجوانػػل ااقوصػػادية كػػاف لػػ  الػػدور المػػ ثر      

ا المجػػاؿ  بمعنػػ   ف حػػؿ الماػػكمة  نمػػا يكمػػف فػػن مسػػاكف اقوصػػادية وراعػػن البيلػػة وال عػػاؿ فػػن فػػ 
الوػػن اػػيد المسػػكف سجمهػػا  ا وماػػيدض نػػمف مواصػػ ا  مناػػلية مناسػػبة ووح ػػؽ الغايػػة اسساسػػية 

وفػػػن ومبيػػػة ااحوياجػػػا  اقنسػػػانية الموزايػػػدض سطػػػوؿ فوػػػرض ممكنػػػة بك ػػػا ض عاليػػػة   ديمومػػػة المسػػػكف 
 .انن ل نمف العمر اافور 
 :أسمو  التحميل

لغػػرض الوحميػػؿ سػػيوـ الوعامػػؿ مػػن نمػػا ة منوخبػػة لمدراسػػة وفػػن ومثػػؿ ماػػارين عالميػػة م يمػػة      
بنجاث نمف البيلا  الون ايد  فيها  وبالنسبة لطري ة الوعامؿ من ف   الماارين ومناقاوها سيوـ 

البيلػن والمناػلن سػعيا  اعوماد الصي  الوص ية مػف خػ ؿ وحميػؿ كػؿ ماػروع نػمف كػ  الجػانبيف
 ومف خ ؿ  لؾ سػيوـ اعومػادورا   عطا  و ييـ لمد، وواف   من البيلة المحمية فن ال طر العراقن  

 .اسومارض خاصة لغرض الوحميؿ الوص ن بما يخدـ ووج  البحث
 :لمتحميل مناقشة الأمثمة المجروحة

                                           
 نظر ممحؽ البحث . 
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قجننع المكنناف  تقنيننة ال اسننتخدامحننول  (Sangu-1976)جرحنن   مننا :ألمثننال الأول-
 :المخروجف القشري

ال كرض اسساسية له ا النوع مف المسػاكف مػثخو ض مػف اساػكاؿ الدالريػة لممسػاكف البداليػة الوػن      
 7اكؿ رقـ )  وكان  ومثؿ مجرد مثو، بسيط لووفير الحماية ند عوامػؿ الطبيػعة اقنسافاسووطنها 

رت ام  لو نيػة ال طػن المكػافئ المخروطػن ال اػفو اسػوخد (Sangu)الطرث الجديد ال ت وناول  و   (
المسػػػاكف فػػػن  مػػػف  عػػػداد قناػػػا الو نيػػػة  اسػػػوخدم  فػػػ       لوسػػػ يؼ المخطػػػط الػػػدالرت لممسػػػكف

اسػػوخداـ عػػدض وحػػدا  مروبطػػة مػػن ن سػػها  باقمكػػاف نػػ   (Sangu)  ونػػنالوايػػا  الموحػػدض  وقػػد 
طػػرث  خػػ ؿ وناولػػ  لممونػػوع ف ػػد نػػمف ن ػػس الو نيػػة لزيػػادض مسػػاحة المخطػػط اسف ػػن لمػػدار  ومػػف

((Sangu ف الاكؿ الم بل له   المساكف ل  مردودا  ايجابية كثيػرض فيمػا يوعمػؽ بالجانػل  مسثلة 
 , Sangu , 1976) البيلن المناخن مف حيث الوعامؿ من الظ ؿ والعػزؿ فنػ  عػف و ميػؿ النونػا 

P. 1197 )  ( 8اكؿ رقـ ). 
( South-2001)و ( Hurd-1997)قبننل كننل مننن مننا تننم جرحنن  مننن  :ألمثننال الثننانف-

 : حول المساكن القشرية المنفوخة عمى شكل قبا 

  وفػػن فػػ ا "جػػا  فػػ ا الطػػرث نػػمف ن ػػس الووجػػ  السػػابؽ ولكػػف باسػػوخداـ و نيػػة  كثػػر وطػػورا     
 لػػػ   ف نوعيػػػة خاصػػػة مػػػف المسػػػاكف الم امػػػة كحمػػػوؿ سػػػريعة فػػػن  (Hurd)الصػػػدد ف ػػػد  اػػػار  
  واف فػػ ا المسػػكف فػػن "سمريكيػػة يمكػػف الحصػػوؿ عميهػػا بثسػػعار اقوصػػادية جػػداالوايػػا  الموحػػدض ا

 سو  حااو  يوفر مػثو، مناسػل لمعػيش لعالمػة صػغيرض  ووػوفر فػ   الو نيػة  مكانيػة الحصػوؿ عمػ  
  (8اػكؿ رقػـ ) (Hurd , 1997 , P.99) مسػكف بمسػاحة  وسػن وبنػػ س المواصػػ ا  كمػػما زاد حجػـ العالمػػة 

لممونوع بعد عدض سنوا  كمحاولة  نافة ووعديؿ عم  النمو ة السابؽ ( South) وقد جا  طرث
بادخػػاؿ الوكنولوجيػػا باػػكؿ  وسػػن لموعامػػؿ مػػن عوامػػؿ  خػػر، كػػالعزؿ الحػػرارت والصػػوون ووحسػػيف 

ووونن طري ة اقناػا  والون يػ   ( 8اكؿ رقـ ) المظهر الخارجن لممسكف باسوخداـ مواد مناسبة ل لؾ 
المساكف بوهيلة اسرض ك اعدض مدورض ثـ يوـ اسوخداـ طري ة الػن   لنػوع خػاص مػف  له ا النوع مف

البالونػػا  الوػػن وعمػػؿ عمػػ   ي ػػاؼ الهيكػػؿ  ومػػف ثػػـ يسػػوند حديػػد الوسػػمين الخ يػػؼ عميهػػا  وونهػػ  
العممية برش كونكري  خ يؼ عم  الهيكؿ  ويكوف ف ا الكونكري  سرين الوصمل  وبعد  لؾ ي رغ 

 (.8اكؿ رقـ   , South) ( ( P.8 , 2001وا  وين ؿ ل سوخداـ فن وحدض  خر، البالوف مف اله
 :استخدام تقنية البناء الجاهز لمساكن من عدّة جوابق :ألمثال الثالث-

                                           
  اػكؿ )وجود قرية طينية قرل مدينة حمل فن سورية اسوخدم  فيها المساكف المدورض نػمف المخطػط اسف ػن  ي حظ نمف ن س الووج

 (.2رقـ 
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ظهر  طروحا  عديدض ودعو  لػ   يجػاد حمػوؿ مناػلية ووصػميمية  ا  ( ـ 7887)فن عاـ      
ا واوسػػاع مجػػاا  ال هػػـ واقدراؾ اقنسػػانن واػػمولية الماػػكمة اقوصػػادية عاليػػة مػػن و ػػدـ الوكنولوجيػػ

و نيػة موطػػورض لوسػػ يؼ (  Hurd-1981)عمػ  المسػػوو، العػالمن  ونػػمف فػػ ا الووجػ  ف ػػد ناقاػػ  
مػػػػف خػػػ ؿ اسػػػػوغ ؿ الوكنولوجيػػػػا الموطػػػػورض  ثنػػػػا  مرحمػػػػة  -ومنهػػػػا اسبنيػػػػة السػػػػكنية  -المناػػػآ   

عف ااقوصاد فن الكم ػة مػن مراعػاض الجانػل البيلػوت عنػد " اقناا  بما ي مف سرعة اقنجاز فن 
الوعامػػػؿ مػػػن المخططػػػا  اسف يػػػة والواجهػػػا   وقػػػد اسػػػوخدم  فػػػ   الطري ػػػة ااقوصػػػادية السػػػريعة 
بنجاث كبيػر فػن ماػارين سػكنية فػن الوايػا  الموحػدض والمكسػيؾ وفنػزوي  و ندنوسػيا  وووػثلؼ فػ   

اسولػ  باسػوخداـ  لػواث السػ ؼ والجػدراف عمػ  اػكؿ  الطري ة مف خمس مراحػؿ    و نػن المرحمػة
مجامين عند مسوو، الطابؽ اسرنن من ووفير  مكانية رفعهػا فػن المراحػؿ الواليػة  وبػن س طري ػة 
عمػػؿ الرافعػػة الهيدروليكيػػة يػػوـ فػػن المرحمػػة الثانيػػة دفػػن  لػػواث الجػػدراف بوحريكهػػا مػػف الوسػػط عػػف 

لواث الس ؼ  ل  مسوو، الطابؽ اسعم   ووسوخدـ فػن طريؽ رافعة خاصة مما ي دت  ل  ارو اع  
فػػػ   العمميػػػة معػػػدا  ميكانيكيػػػة مع ػػػدض  وفػػػن المرحمػػػة الثالثػػػة ووكامػػػؿ عمميػػػة الػػػدفن  لػػػ   عمػػػ     
ونوصل  لواث الجدراف لمطابؽ الس من ووسوند عميها  لواث الس ؼ والون فن فن ن س الوقػ  ومثػؿ 

 لػ  " الرابعة الوػن يكػوف اسػوناد السػ ؼ العمػوت فيهػا م قوػا رنية الطابؽ العموت  ثـ وثون المرحمة 
 ف ووكامؿ باقن المراحؿ سف المعدا  المسػوخدمة فػن فػ   الو نيػة وب ػ  موحركػة عنػد مسػوو، كػؿ 
طػػابؽ  وفػػن المرحمػػة الخامسػػة واسخيػػرض ووكػػرر العمميػػة بالنسػػبة لمطػػابؽ الػػ ت يمػػن وبػػن س الطري ػػة 

لطػػػابؽ اسخيػػػر    ورفػػػػن المعػػػػدا  الػػػػون اسػػػوخدم  كمسػػػػاند السػػػاب ة  لػػػ   ف نصػػػؿ عنػػػد مسػػػوو، ا
  ويروػكز الػمبن  باسوػ رار كػامؿ

 P.719 )  1981,  Hurd , )  ( 8اكؿ رقـ .) 
 :استخدام السقوف القشرية المنحنية :ألمثال الرابع-

اسػػػوخداـ فػػػ   الطري ػػػة ااقوصػػػادية فػػػن " مونػػػحا( Castro et al.-1976)جػػػا  طػػػرث      
يؾ عمػػ  نطػػاؽ واسػػن     وجػػد  ف فػػ   السػػ وؼ  ا  ك ػػا ض عاليػػة مػػف حيػػث الوعامػػؿ مػػػن المكسػػ

الاػػػػمس ووػػػػوفير الظػػػػ ؿ ووصػػػػريؼ ميػػػػا  اسمطػػػػار فنػػػػ  عػػػػف ك ا وهػػػػا المناػػػػلية  وقػػػػد وطػػػػرؽ 
(Castro )  وجماعو  باكؿ و صيمن  ل  مونوع اسوخداـ ف   اسنواع الخ ي ػة مػف السػ وؼ عمػ

" ف ومثػػؿ خطػػوض مهمػػة مػػف مػػراث الوحميػػؿ المناػػلن لممبنػػ  فنػػ  سػػاس  ف طري ػػة الوسػػ يؼ لممسػػك
 Castro et )فن وحديد المواص ا  النهالية لممسكف" رليسا" عف كونها وخنن لعدض عوامؿ ومعل دورا

al. 1976 , p.1276 )   ( 8اكؿ رقـ .) 

 
 :استخدام التسميح  بالخيزران :ألمثال الخامس-
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 لػ  مونػػوع كػوف الػدوؿ الناميػػة ( Pakotiprapha et al.-1976)فػن فػ ا المثػاؿ وطػػرؽ      
وزداد فيها الحاجة  ل  وطوير واسوخداـ مػواد جديػدض  ا  كمػؼ قميمػة فػن البنػا      وسػوخدـ المػواد 
المحميػػة فػػن ومػػؾ الػػدوؿ كبػػديؿ نػػاجن عػػف المػػواد المسػػووردض مػػف الخػػارة  ومػػف خػػ ؿ  لػػؾ ف ػػد وػػـ 

فػن بعػض دوؿ جنػول اػرؽ آسػيا  ا  المنػات ااسػووالن  اسوخداـ  لػواث الخيػزراف فػن فػ ا المثػاؿ
نػمف الجانػل المناػلن لممبنػ  فنػ  عػف م  موهػا البيليػة مػف " مهمػا" كمادض  ساسػية ومعػل دورا

حيث كونها مادض محمية مثخو ض مػف الطبيعػة ولػيس لهػا وػداعيا  بيليػة سػمبية كػالوموث وديػر  لػؾ 
  المػػادض بصػػيغها الو ميديػػة ازاؿ ي و ػػر  لػػ  اسسػػاليل  ت  نهػػا صػػدي ة لمبيلػػة   بيػػد  ف اسػػوخداـ فػػ 

العمميػة والو نيػػة الوػػن ووطمػل  دخػػاؿ الوكنولوجيػػا الحديثػة لووسػػين  لػػؾ ااسػوخداـ  كمػػا واف وطػػوير 
اسػػػوخداـ فػػػ   المػػػادض الجديػػػدض يوطمػػػل  جػػػرا  الدراسػػػا  ال زمػػػة لوح يػػػؽ  فنػػػؿ اسػػػوغ ؿ ممكػػػف 

 , Pakotiprapha et al. , 1976 )قوصادية العالية الون وومون بها لخصالصها والون مف بينها الميزا  اا

p.1100 )   ( 8اكؿ رقـ .) 

 :المساكن الريفية فف الهند :ألمثال السادس-
" فػػن فػ ا المثػاؿ نوعػػا(  Arockiasamy & Vijayaraghavan-1976)ونػاوؿ كػؿ مػف      
 ا الطػرث نػمف وحميػؿ ومػ  مناقاػو  مػف المسػاكف  ا  الكمػؼ الواطلػة فػن الهنػد  وجػا  فػ" مميزا
  وقػػػد  كػػػر الوحميػػػؿ  ف الجانػػػل المناػػػلن لهػػػ   ( 7888 -المػػػ ومر الػػػدولن لماػػػاكؿ السػػػكف )فػػػن 

المسػػاكف ونػػمف اسػػوخداـ الطػػابوؽ مػػف خػػ ؿ نظػػاـ الجػػدراف الحاممػػة لمث ػػؿ مػػن وسػػ يؼ جممػػونن 
ف بكػػ  ااوجػػافيف ورجػػن مالػػؿ بكػػ  ااوجػػافيف ووغطيػػة بال رميػػد  واف نػػرورض اسػػوخداـ فػػ ا المػػي 

لكوف المنط ة اسووالية دزيرض اسمطار مما ووجل مراعاض الوصريؼ  والو نيػة بسػيطة لمغايػة ووػوفر 
 Arockiasamy)  ناا  وحدويف سكنيويف نمف كؿ مناث كما فو مونن فن المخططا  الوونيحية

&Vijayaraghavan ,1976 , p.184 )    ( 78اكؿ رقـ .) 
 :مساكن مدورة بمواد تقميدية :ألمثال السابع-

اسوخداـ نوع مف الطػابوؽ المحمػن فػن بعػض منػاطؽ ( Mink-1976)فن ف ا المثاؿ ناقش      
  وال كػػرض مػػثخو ض مػػف بيػػو  "اػػماؿ  لمانيػػا قناػػا  مسػػاكف صػػغيرض  ا  مواصػػ ا  اقوصػػادية جػػدا

) لووفير الحمايػة والػدؼ   ااسكيمو فن المناطؽ ال طبية الباردض الون يسوخدـ فيها قطن مف الجميد

Mink , 1976 . P.1087  ) وي حظ بثف الاػكؿ الهندسػن النهػالن لهػ ا النػوع مػف المسػاكف ماػاب  لمػا  
فن المثاؿ اسوؿ حوؿ ال طػن المكػافئ المخروطػن ال اػرت      ف البنػا   (Sangu-1976)طرح  

، المسػػمطة عمػػ  المناػػث مػػف بهػػ ا الاػػكؿ يػػوفر قابميػػة عاليػػة عمػػ  وحمػػؿ الواػػو  وحػػ  وػػثثير ال ػػو 
 .( 77) اسعم   وووونن طري ة الواييد مف خ ؿ الاكؿ رقـ 

 :استخدام المنشآت الخفيفة :ألمثال الثامن-
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ف ا المثاؿ يونن اسوخداـ نوع مف المناآ  الخ ي ة  ا  المواص ا  الجيدض قناا  مسػاكف      
مػا "   سػعة محػدودض سنهػا صػغيرض نوعػااقوصادية فن كندا  وعم  الردـ مف كوف ف   المسػاكف  ا

مثم  خاصػة فػن الكثيػر مػف الػدوؿ  ا  الكثافػا  السػكانية العاليػة والوػن فػن "  ا  نها ومثؿ حموا
بػػثمس الحاجػػة لهكػػ ا نػػوع مػػف المسػػاكف خاصػػة   ا مػػا كانػػ  مراعيػػة لظػػروؼ وو مبػػا  المنػػات مػػف 

وو نيػػة الواػػييد فػػن اسػػوخداـ رقػػالؽ حيػػث العػػزؿ مػػن اقاػػارض  لػػ  نػػرورض كونهػػا م اومػػة لمحريػػؽ  
 , Majzub , 1976)مصنعة جافزض وركػل مػن بعنػها نػمف م ػاييس محػددض لوكػويف المناػث الخ يػؼ 

p.1114 ) (  72اكؿ رقـ .) 
 :ألاستفادة من جبيعة الموقع: ألمثال التاسع-

المواقػػن     يمثػػؿ فػػ ا المثػػاؿ محاولػػة جػػادض ل سػػو ادض مػػف طبيعػػة الموقػػن فػػن كنػػدا  ف ػػن بعػػض     
ي دت  لػ  " خاصا" ا وسمن طبيعة اسرض باناا  المساكف ااعويادية اسمر ال ت يوطمل وعام 

وح يػػؽ ااسػػوغ ؿ اسمثػػؿ لهػػ   المواقػػن خاصػػة عنػػدما يوزايػػد الطمػػل عمػػ  المسػػاكف وو ػػؿ  مكانيػػة 
لمػػة اسػػوغ لها  لػػ  وحديػػد اسمػػاكف الم " ووفيرفػػا  عندلػػ  وفػػن فػػ   الحالػػة يمجػػث المخططػػوف  وا

كمواقن سكنية  ثـ يثون دور المعمارييف فن  يجػاد الوصػاميـ الناجحػة لهػ   المواقػن المميػزض خاصػة 
فػػػن المنػػػاطؽ الجبميػػػة  و ومػػػؾ الوػػػن وظهػػػر فيهػػػا فروقػػػا  طوبودرافيػػػة وسػػػمن بايجػػػاد مسػػػاكف دوف 

المنػػاظر مسػػوو، سػػطن اسرض وفنػػا يظهػػر الػػدور المميػػز لمو اعػػؿ مػػن الطبيعػػة مػػف حيػػث وػػوفير 
 , Aughenbaugh & Rockaway , 1976 )الجميمػة فنػ  عػف وح يػؽ جوانػل العػزؿ الحػرارت والصػوون 

P.1230)  ( 78اكؿ رقـ .) 
 :حسن فتحف وعمارت  الجينية :ألمثال العاشر-

حػػوؿ العمػػارض الطينيػػة لواػػكؿ خطػػوض ( 7887-حسػػف فوحػػن)فػػن فػػ ا المثػػاؿ وظهػػر طروحػػا       
مميػػزض فػػن الػػػدوؿ ال  يػػرض     يركػػز فوحػػن عمػػػ  طػػرؽ اقناػػا  الو ميديػػػة  جػػادض حػػوؿ عمػػارض اػػػعبية

لػػ   فميػػة كبيػػرض نحػػو وح يػػؽ ااقوصػػادية لموحػػدض " مػػ ثرا" باسػػوخداـ المػػواد المحميػػة ويعوبرفػػا عػػام 
  وفو فنا يوناوؿ المونوع مف وجهة نظػر وحوػرـ الوػراث وونػع  فػن ( 7  ص7887فوحن   ) السكنية 

اجحة لوح يؽ ااقوصادية عم  كافة المسوويا  والون مػف  فمهػا الجوانػل البيليػة م دمة الحموؿ الن
والمناػػلية  وقػػد ركّػػز فػػن طروحاوػػ  عمػػ  وجػػول الوعامػػؿ مػػن البيػػ  اقسػػ من الو ميػػدت باعوبػػار  

لموصػػاميـ السػػكنية  وفػػن و نيوػػ  المطروحػػة اعومػػد عمػػ  الطػػيف كمػػادض  ساسػػية فػػن " ناجحػػا"  ساسػػا
 ( . 78اكؿ رقـ ) ال بال واسقبية فن الوس يؼ كحؿ مناسل له   المادض  البنا  من  دخاؿ

 :السودان–مساكن الفقراء فف مدينة الخرجوم :ألمثال الحادي عشر-
 -مونػػوع  سػػكاف ال  ػػرا  فػػن العاصػػمة السػػودانية( Kramel-1996)فػػن فػػ ا المثػػاؿ نػػاقش      

 :  عنوافالخرطوـ  وقد طرث المونوع فن دراسة موكاممة جا   وح
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 (Shelter For The Poor In Khartoum , Sudan , 1996  ) وعػالم فػن فػ   الدراسػة
  وعمػػ  الػػردـ مػػف ( ااقوصػػادية  ااجوماعيػػة  البيليػػة  واسمنيػػة: ) ربعػػة  نػػواع مػػف الماػػاكؿ فػػن

 ا  ف مػػا يهمنػػا فنػػا فػػو مػػا يػػروبط بالعامػػؿ ااقوصػػادت المػػ ثر بصػػورض فعالػػة فػػن "  فميوهػػا جميعػػا
 ل   ف مراعاض الطػابن ( Kramel)اخويار طرؽ وو نيا  الواييد  وفن النمو ة ال ت طرح   اار 

المحمن الو ميدت فو  مر نرورت ولكف ا مانن مف  دخاؿ مػواد جديػدض باقمكػاف وسػخيرفا نػمف 
  ومػف حيػث الوعامػؿ مػن البيلػة فنػاؾ النحػ  فػن كومػة المبنػ  ( Kramel ,1996 , P.46 )ن س الووج  

عمػػ  المسػػووييف اسف ػػن والعمػػودت بوجػػود اسفنيػػة الوسػػطية نػػمف المخططػػا  اسف يػػة مػػن فوحػػا  
فػػػػن نمو جػػػػ  مػػػػادض ( Kramel)قميمػػػػة فػػػػن الواجهػػػػا  وكػػػػوف موجهػػػػة باوجػػػػا  الػػػػرين  وقػػػػد  سػػػػوخدـ 

الطابوؽ من اسسمن  نػمف نظػاـ الجػدراف الحاممػة لمث ػؿ  مػن  دخػاؿ بعػض الطػرؽ الو ميديػة فػن 
 (. 78رقـ  اكؿ) عف اسوخداـ الس وؼ المسووية مف الكونكري  " ادض  فن الوس يؼ كالع 

 :تحديد العوامل الخاصة بالتحميل
وطػػرؽ البحػػث  لػػ  جممػػة عوامػػؿ  ساسػػية اعوبرفػػا م ػػردا  خاصػػة لغػػرض الوحميػػؿ والوطبيػػؽ      

حميػؿ المناػلن  عم  اسمثمة المنوخبػة لمدراسػة  منهػا مػا اروػبط بػالوحمن البيلػن ومنهػا مػا اروػبط بالو
 :وقد ومثم  ف   العوامؿ بما يمن

 :مفردات التحميل البيئف-
طبيعة مناخية  )نمف ث ثة جوانل وف   الطبيعة وكوف : جبيعة البيئة التف نفذ فيها المشروع-

بو اصػيمها حسػل  (الطبيعػة المناخيػة) وسيكوف الوركيز عمػ  (طبيعة اجوماعية  وطبيعة اقوصادية
كونهمػا عمػ  ( الطبيعػة ااجوماعيػة و الطبيعػة ااقوصػادية)قاارض  ل  كػؿ مػف   من اووج  البحث

 .(الطبيعة المناخية)صمة مباارض بالمعالجا  الون ووطمبها 
ووافػؽ وػاـ  ووافػؽ جزلػن   و ا يوجػد ) وف ا الووافؽ قػد يكػوف  :مدى التوافق مع البيئة المحمية-

 (.ووافؽ
وفنػػا فػػثف  :ءم مننع جننابع العمننارة المحميننة بشننكل عنناميمكانيننة التحننوير فننف المشننروع كننف يننتا-

 .(ل  قابمية جيدض لموحوير  ل  قابمية جزلية لموحوير   و  ن  ا ي بؿ الوحوير)الماروع يكوف 
 
 :مفردات التحميل المنشئف-
و نيػة حديثػة  و نيػة مركبػة   و و نيػػة )وفػ   الو نيػة وكػوف : ننوع التقنينة المسنتخدمة فنف التشنييد-

 (.يةو ميد

                                           
 يكوف الوحوير فنا خدمة  فداؼ بيلية. 
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موػوفرض  يمكػف ووفيرفػا مسػو ب    و  نهػا )الو نيػة قػد وكػوف : توفر التقنية عمى المستوى المحمنف-
 (.دير موجودض وا يمكف ووفيرفا مسو ب 

موػػػوفرض  يمكػػػف ووفيرفػػػا )المػػػواد قػػػد وكػػػوف : تنننوفر المنننواد المسنننتخدمة عمنننى المسنننتوى المحمنننف-
 (.مسو ب  مسو ب    و  نها دير موجودض وا يمكف ووفيرفا

وفنا قد يكوف المبنػ   :(الجان  التعبيري)الانسجام معماريا وسياقيا مع جابع العمارة المحمية -
 (.منسجـ وماما  منسجـ جزليا   و ا يوجد انسجاـ)

 .وقد ونمن  اسومارض الوحميؿ عم  مجمؿ ف   الم ردا      
 :النتائج
بمعمومػػا  الوحميػػؿ البيلػػن نوػػالم وحميػػؿ  الخػػاصو  فػػن ممحػػؽ البحػػث (7)يبػػرز الجػػدوؿ رقػػـ      

طبيعة البيلة الون ن   فيها الماػروع  مػد، الووافػؽ ) :الم ردا  الث ث المروبطة به ا الوحميؿ وفن
مكانيػة الوحػوير فػن الماػروع طبيعػة )  ف يمػا يوعمػؽ بػالم ردض الرليسػة اسولػ  (من البيلة المحمية  وا 

طبيعػػة مناخيػػة  طبيعػػة اجوماعيػػة  وطبيعػػة )وهػػا ووومثػػؿ بػػػ فنػػاؾ ث ثػػة جوانػػل ومثػػؿ جزليا( البيلػػة
مػف اسمثمػة نػمف المنػات % 28ظهػر  نسػبة ( الطبيعػة المناخيػة)  فيمػا يخػص م ػردض (اقوصادية

نػػػمف المنػػػات الحػػػار % 88 ينػػػا نػػػمف المنػػػات البػػػارد مػػػن نسػػػبة % 28الحػػػار الجػػػاؼ ونسػػػبة 
سمثمة لموطبيؽ عمػ  المسػوو، المحمػن فيمػا الرطل  وف ا اسمر يعطن  مكانية ااسو ادض مف ف   ا

يخػػص فػػ   الم ػػردض الجزليػػة نظػػرا لكػػوف المنػػات المحمػػن فػػن ال طػػر العراقػػن موطػػرؼ ومونػػوع بػػيف 
 .لاماؿ والوسط والجنولا

مػػف % 88ف ػػد ظهػػر  نسػػبة ( الطبيعػػة ااجوماعيػػة) مػػا فيمػػا يخػػص الم ػػردض الجزليػػة الثانيػػة      
لكػؿ مػف السػكف الري ػن % 78ف قالمة البمػداف الناميػة  مػن نسػبة يندرة نم العينا  بمجومن ف ير

لكػػػؿ مػػػف السػػػكف السػػػياحن والسػػػكف الو ميػػػدت % 8المن ػػػرد والسػػػكف المون ػػػؿ ديػػػر المسػػػو ر ونسػػػبة 
المجومػن العربػن اقسػ من  وفػ ا الونػوع فيمػا يخػص فػ   الم ػردض  نمػا ي اػر المراعن ل يـ وو اليػد 

 .المطروحة فيما يخص ف ا الجانل مكانية ااسو ادض مف اسمثمة 
ف د ظهر  مػف خػ ؿ النوػالم نسػبة ( الطبيعة ااقوصادية)وبخصوص الم ردض الجزلية الثالثة      

نمف المساكف مووسطة المسوو، ااقوصادت وف ا % 78نمف السكف ااقوصادت ونسبة % 82
نمف المجومن العراقػن اسمر يعطن اسفنمية للإسكاف ااقوصادت وفو مناسل لماريحة اسوسن 

 .فيما يخص مسوو، دخؿ ال رد وما فو مطمول نمف ف   المرحمة

                                           
 يكوف اانسجاـ فنا نمف حدود المناث. 
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جػا   النوػالم لوعطػػن ( مػد، الووافػؽ مػن البيلػة المحميػة)فيمػا يوعمػؽ بػالم ردض الرليسػة الثانيػة      
لمووافػؽ الوػاـ  واف ظهػور الووافػػؽ % 78ا يوجػد ووافػػؽ مػن % 88لمووافػؽ الجزلػن و % 88نسػبة 

ي ون البال  ماـ  مكانية ااسو ادض مف اسمثمة المطروحػة نػمف حػدود  -كاف باكؿ جزلن واف  -
 .باكؿ يوكامؿ من باقن الم ردا  اسخر،ف   الم ردض 

 مكانيػة الوحػوير ) ما فيما يوعمؽ بالم ردض الرليسة الثالثة مف م ردا الوحميؿ البيلن والمومثمة بػػ      
% 78لوعطن قابميػة جزليػة عمػ  الوحػوير مػن نسػبة % 88بنسبة ف د جا   النوالم ( فن الماروع

ا ي بػػؿ الوحػػوير  والكػػ ـ عمػػ  فػػ   الم ػػردض ينطبػػؽ عمػػ  الم ػػردض الوػػن % 8ب ابميػػة جيػػدض ونسػػبة 
 .سب وها
فػػػن ممحػػػؽ البحػػػث والخػػػاص بمعمومػػػا  الوحميػػػؿ ( 2)مػػػف جانػػػل آخػػػر  يبػػػرز الجػػػدوؿ رقػػػـ      

نػػوع الو نيػػة المسػػوخدمة فػػن ) :بػػن المروبطػػة بهػػ ا الوحميػػؿ وفػػنالمناػػلن نوػػالم وحميػػؿ الم ػػردا  اسر 
الواييد  ووفر الو نية عم  المسػوو، المحمػن  وػوفر المػواد المسػوخدمة  واانسػجاـ معماريػا وسػياقيا 

ظهػػر  ( نػػوع الو نيػػة المسػػوخدمة فػػن الواػػييد)  ف يمػػا يوعمػػؽ بػػالم ردض اسولػػ  (مػػن العمػػارض المحميػػة
و نيػػة حديثػػة  وفػػ ا % 78و نيػػة و ميديػػة ونسػػبة % 28نيػػة مركبػػة مػػن نسػػبة و % 88النوػػالم بنسػػبة 

 .اسمر ي ار  مكانية الووفيؽ بيف ما فو و ميدت وما فو حديث نمف حدود ف   الم ردض
ف ػػػد جػػػا   النوػػػالم ( وػػػوفر الو نيػػػة عمػػػ  المسػػػوو، المحمػػػن)  مػػػا بخصػػػوص الم ػػػردض الثانيػػػة      

دير موجودض % 78نعـ مووفرض من نسبة % 28ونسبة   ب  يمكف ووفيرفا مسو% 88لوعطن نسبة 
وا يمكػػف ووفيرفػػػا ممػػا ي اػػػر  مكانيػػة ااسػػػو ادض محميػػػا مػػف جانػػػل كبيػػر ممػػػا فػػو مطػػػروث نػػػمف 

 .اسمثمة فيما يوعمؽ به   الم ردض
ف ػػد ( وػػوفر المػػواد المسػػوخدمة)وبالنسػػبة لمم ػػردض الثالثػػة مػػف م ػػردا  الوحميػػؿ المناػػلن وفػػن      

ديػر % 8نعػـ موػوفرض ونسػبة % 88يمكػف ووفيرفػا مسػو ب  مػن نسػبة % 88النوػالم نسػبة   ظهر 
 .موجودض وا يمكف ووفيرفا مسو ب  لينطبؽ فنا ن س الك ـ الخاص بالم ردض الون سب وها

لوعطػػن ( اانسػػجاـ معماريػػا وسػػياقيا مػػن العمػػارض المحميػػة)و خيػػرا جػػا   نوػػالم وحميػػؿ م ػػردض      
منسجـ وماما ممػا ي يػد بعػض % 78ا يوجد انسجاـ من نسبة % 88جـ جزليا ومنس% 88نسبة 

اسمثمػػة لموطبيػػؽ عمػػ  المسػػوو، المحمػػن نػػمف حػػدود فػػ   الم ػػردض عمػػ  الػػردـ مػػف وجػػود  فنػػمية 
 . سمثمة  خر، فن  مكانية الوطبيؽ مف حيث كونها منسجمة جزليا  و كميا
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 :الاستنتاجات
 :   ف ااسونواجا  يمكف ومخيصها  جمالها بما يمنخمص البحث  ل  مجموعة م     

  مػػف خػػ ؿ م هػػوـ اقسػػكاف مػػنخ ض الكم ػػة ا يعنػػن  بػػدا الحصػػوؿ عمػػ  ( المسػػوداـ) ف المسػػكف
 .نوعية رديلة مف المساكف بؿ فو ووج  معومد فن الكثير مف الدوؿ لمحد مف مااكؿ السكف

 نحػػا  مخوم ػػة مػػف العػػالـ عمػػ  المسػػوو،  يمكػػف اعومػػاد الكثيػػر مػػف المحػػاوا  الجػػادض المطب ػػة فػػن 
 .المحمن لمحد مف العجز الحاصؿ فن قطاع السكف

  مف  ف وراعن اقنساف بمعن   نها ا وكوف اقوصػادية عمػ  ( المسودامة)ابد لممساكف ااقوصادية
حسػػال النوعيػػة  ومػػف خػػ ؿ  لػػؾ يظهػػر وػػثثير البيلػػة المناخيػػة لمػػا لهػػا مػػف ع قػػة مبااػػرض بحيػػاض 

دونمػػػا و ميػػػؿ لػػػدور البيلػػػة ااجوماعيػػػة الوػػػن ابػػػد مػػػف مراعاوهػػػا نػػػمف الجوانػػػل الوظي يػػػة  النػػػاس
 .لممسكف

  ف وطبيؽ اسفكار والو نيا  الحديثة المسووردض ا يعنػن بالنػرورض الوطبيػؽ الحرفػن لهػا واان ػ ل 
و دـ و نن  عم  المانن بكؿ وراكماو  بؿ يمكف الوعامؿ معها لبنا  قاعدض  ولية و ون المجاؿ نحو

 .مناود عم  المسوو، المحمن
  مف جانل آخر يمكف  ااسو ادض مف الطابن الو ميدت لمعمارض المحمية فن بنػا  صػي  ك يمػة بوح يػؽ

 .عم  مسوو، الماارين السكنية (مسودامة) ووج  وسياؽ مو رد لعمارض محمية معاصرض
 وو، المحمػن مػا لػـ يػوـ حػػؿ  ف مػف ديػر الممكػف الووصػؿ  لػػ  وح يػؽ وكامػؿ اقوصػادت عمػ  المسػػ

 .ماكمة السكف الون كان  وا زال  وث ؿ كافؿ المواطف
  ومف خ ؿ البحث فثف باقمكاف وممس صي   ولية ومثؿ  ساس نظرت لسػياؽ محمػن مميػز ونػاجن

بيليا و مناليا فن مجاؿ اقسكاف  وف ا السياؽ  نما يوونن مف خ ؿ الوركيز عم   عادض وثفيػؿ 
 ا  مواصػػػ ا  مػػػف يػػػة الموػػػوفرض فػػػن فػػػ ا ال طػػػاع مػػػف خػػػ ؿ ااحوكػػػاؾ بوجػػػارل اقمكانػػػا  ال او

                         .       حميا نمف ف ا الووج الممكف اعومادفا م

 :المصادر بالمغة العربية
 بحػث مناػور فػن مجمػة ،  فف الخصنائص المشنتركة لعمنارة دول العنالم الثالنثالوميمن  سػعدت  

 .88 – 78  ص ص 2المجمد  – 8العدد  – 7882فنوف عربية   
   أثننر الارتنندادات الجانبيننة والخمفيننة فننف كميننة الجػػوادت  م ػػداد حيػػدر   و  سػػعد فػػورت  لنعيمػػن

  المػػ ومر ال طػػرت الجاقننة المسننمجة عمننى المبنننى فننف النسننيج الحضننري فننف المشنناريع السننكنية
 .788 – 788  ص ص  2887 –كانوف الثانن  –بغداد  –السنوت اسوؿ لمهندسة المعمارية 

 تجنور الإسنكان وتنوفير المنفوى فنف المندن العراقينة وبخاصنة بغندادػ   7888  ألمدينة العربينة  
 .28ػ العدد   مجمة المدينة العربيةدراسة مناورض فن 
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   ػ دراسة مسومزما  الخصوصػية لممجمعػا  السػكنية الموعػددض اسسػر  7888حمودت  ودين حماد
 .  جامعة بغداد–ماجسوير دير مناورض  كمية الهندسة فن مدينة بغداد  رسالة

  ،حػػػوار صػػػح ن  جػػػرا   رداش كاكافيػػػاف حسنننن فتحنننف وقصنننة المشنننربيةػػػػ 7887حسػػػف  فتحنننف  
 .8ػ العدد  مجمة فنون عربيةمناور فن 

   عصاـ عبد المطيؼ  :   ورجمةالانسان والبيئةفولن  ميموش   و  فن ريجيها  و  جن س دؾ
 .7888مناورا  وزارض الث افة وال نوف  بغداد   – 88 –الموسوعة الصغيرض 

 ،دار الراػػيد لمناػػر  تننفريف فننن العمننارة العراقيننة فننف مختمننف العصننور ػػ 1892اػػريؼ   يوسننف  
 .بغداد
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 نموذج استمارة التحميل:الممحق
 معمومات التحميل المنشئف ئفمعمومات التحميل البي معمومات عامة

طبيعػػػة البيلػػػة الوػػػن ن ػػػ  فيهػػػا الماػػػروع - :اسـ الماروع-
:   طبيعػػػػػػة اجوماعيػػػػػػة:  طبيعػػػػػة مناخيػػػػػػة)

 :   ( طبيعة اقوصادية

نػػػػػوع الو نيػػػػػة المسػػػػػوخدمة فػػػػػن الواػػػػػييد -
 (و نية حديثة  و نية مركبة  و نية و ميدية)

 ووافػػؽ)مػػد، الووافػػؽ مػػن البيلػػة المحميػػة - :المصمـ-
 (واـ  ووافؽ جزلن  ا يوجد ووافؽ

وػػػػػوفر الو نيػػػػػة عمػػػػػ  المسػػػػػوو، المحمػػػػػن -
نعػػػػػـ موػػػػػوفرض  يمكػػػػػف ووفيرفػػػػػا مسػػػػػو ب   )

 (دير موجودض وا يمكف ووفيرفا
 مكانيػػػػػػة الوحػػػػػػوير فػػػػػػن الماػػػػػػروع كػػػػػػن - :الموقن-

يػػو  ـ مػػن طػػابن العمػػارض المحميػػة باػػػكؿ 
قابمية جيػدض لموحػوير  قابميػة جزليػة  )عاـ 

 ( لوحويرا ي بؿ ا

نعػـ )ووفر المواد عم  المسوو، المحمن -
موػػػػػوفرض  يمكػػػػػف ووفيرفػػػػػا مسػػػػػو ب   ديػػػػػر 

 (موجودض وا يمكف ووفيرفا

  :سنة اقنجاز-
 
 

 
 

اانسػػػػجاـ معماريػػػػا وسػػػػياقيا مػػػػن طػػػػابن -
جزليػػا   منسػجـ ومامػا   )العمػارض المحميػة 
 ا يوجد انسجاـ
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 الوعوارية العراقية رسةتفعيل تقنية التعلين الرقوي في الوذدور التذريسي في 
 

 الباحثة لينا غانم دكتورة وحدة شكر
قسم المعماري/ الجامعة التكنموجية  قسم المعماري/ الجامعة التكنموجية    

 

 

 هستخلص البحث
لمواكبااة  فااا التيااميم المعماااريلمبندسااة المعماريااة إلااأ أيميااة النبااوض بالحركااة التعميميااة  أشااارت العديااد مااا الدراسااات

وطار  التادريس إفاافة  مبا بمفردات المنايج المعمارياةوما الملاحظ أا تمك الدراسات قد أسببت فا ايتما ، ظايرة التعميم الرقما
أ طرح آلياات تفعياا التعمايم تؤكد عم معظم تمك الدراسات لمالا اا . غييرات الحايمةالتدريسا ليغطا تمك التدور إلأ إشارتبا إلأ 

الرقما فا المدارس المعمارية العراقية ، ولم يتم التركيز عمأ دور التدريسا فا ذلك التفعيا ، ما خلاا قيادته لمتعميم الرقما وف  
 : منبج وخطة دراسة جديدة فا فوء التقنية الرقمية وما ينا ظبرت مشكمة البحث فا 

،  فاما  ميم الرقميي فيي المدرسية المعماريية العراقييةعتفعيل تقنية الت تدريسي فيدور التؤكد عمى  وجود دراساتعدم 
موقاا التدريساا  –اساتعداد  لتوظياا التقنياة الرقمياة  –لاساتزادة ماا المعرفاة الرقمياة الرغبة والحماسة ل –المعرفة الرقمية )مفردات 

دور التدريسييي فييي تفعيييل تقنييية التعميييم الرقمييي فييي تشييصيص محاولااة ومااا ينااا جاااء ياادا البحااث فااا  (باايا التيييااد والمعارفااة
لاستكشاا مدى استعداد  الفعما لتوظيا معرفته ورغبتاه باساتخدام التقنياة الرقمياة فاا تطاوير العممياة  المدرسة المعمارية العراقية 

ة المناساابة التااا يمكااا مااا التعميميااة المعماريااة عموماااً وتطبياا  مفاييمبااا فااا ارقسااام المعماريااة عمااأ وجااه الخيااوص وبناااء ا لياا
 . خلالبا تفعيا ممارسة يذ  التقنية فا المدارس المعمارية العراقية

اساتطلاع المناايج التعميمياة المعمارياة وخاياة درجاة استحفااريا لمفاردات التعمايم الرقماا تم لغرض تحقي  يدا البحث 
حاوا واقاال التعمايم الرقمااا فاا الماادارس المعماريااة اسااات اساتطلاع الدر و  مفاارداتوماا يااا أيام ارساااليب المتبعاة فااا توظياا تمااك ال

تحمياا تام  حياث عماأ المادارس المعمارياة العراقياة وزعتتوظيا يذا المستخمص فا تيميم قائمة استبياا ، وتم العالمية والعربية  
تا تسايم فاا تفعياا تقنياة التعمايم ال  الاستنتاجات والتويياتاستخلاص ايم بغية  ومقارنتبا بيا المدارس المعماريةنتائج الاستبياا 

  .المدرسة المعمارية العراقيةالرقما فا 
The effect of architecture staff  in activate the technology of digital education in 

the Iraqi school of architecture 
ABSTRACT: 

Many researches assigned the importents of enhance the architectural education movement. It is 

obvious that these studies have elaborated in their interest in architectural curriculum and teaching methodm 

in addition to the important of qualifying the staff to cover these changes. Most of these studies couldn't 

define a specific solutions to improve teachers method to lead the digital education 

According to this the research problem was defined as: 

"There is no comprehensive study clear the real attitude of the architectural teachers in Iraqi schools 

of  architecture from the digital teaching…within the vocabulary of (digital knowledge– desire for 

more information about digital knowledge - the attitude of digitalizing architectural curriculum 

between accepting and denying – employing this technolgly on selected sample)". 
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Thus the research  goal is defined as: 

"Give a clear vision about architectural teacher attitude in Iraqi schools of  architecture in relating to 

to discover his real preparation to employ his knowledge using the digital technology in developing the 

architectural education in general, and applying their concepts in department of architecture in particular. In 

order to "built the propitiate mechanism in which may be used to activate this technique in Iraqi 

schools of  architecture ". 

Reviewing architectural teaching curriculum and the degree which it may send for the digital 

education vocabulary, and define the most important ways to employ them , reviewing the studies about the 

reality of digital learning in Iraqi schools of  architectural and analyzing the results and compare them 

between the architectural schools attitude the conclusions and recommendations 

in order to qualify them in activating the digital education technique in these schools . 
 مقدمة 

 ،الثالثة دورا فاعلا فا التطور العمما والتقناا فاا شاتأ المجاالات ارلفيةداية الثانية وب ارلفيةالثورة الرقمية مل نباية لعبت 
س ذلااك عمااأ تشااكيا وتكااويا كمااا انعكاا ،كمااا كاااا لبااا مااردود وافااو عمااأ الفنااوا والعمااارة حيااث ظباارت ارشااكاا والعمااارة الرقميااة

اعتماد فمسفة  إلأالاتجايات الفكرية الحديثة  الذي دفل  مجموعة ما ارمر. تيميم الففاءات الخارجيةو لممدينة  النسيج الحفري
إعطاااء دور فاعااا لمرقميااات فااا التيااميم المعماااري والحفااري لاايس كوساايمة لمرساام والتنفيااذ فقااط بااا فااا عمميااات ا بااداع والتيااميم 

 .المعماري
تطبيا  المعرفاة النظرياة  المدارس المعمارية العراقياة تبيئاة كاادر ماا الخاريجيا الاذيا يمتمكاوا القادرة عماأ ولما كانت فمسفة

كاااا لابااد لمقااائميا عمااأ العمميااة التعميميااة فااا مجاااا العمااارة 1*فااا حقااا العمااا واسااتيعاب التغياارات الفكريااة والتقنيااة والتعامااا معبااا
والتيااميم الحفااري مواكبااة يااذا التطااور التقنااا بباادا تيييااا الخااريجيا لمواجبااة تحااديات المسااتقبا بكااا مااا يشااممه مااا توجبااات 

 .ت معمارية متلاحقة تحت مظمة الرقميات كيساس ومرتكز مستقبما رئيسونظريا
 مؤياا ليكاوا المساتقبا شاباب تكاويا أسااس فباا التعميمياة العممياة وتحاديث إلاأ فارورة تطاوير دبياات المختمفاةرااشاارت 

 حاوا الجادا المثاار وبمراجعاة. عنباا تجينا وماا الرقمياة الثاورة لمواكباة الجدياد  فاافة والابتكاار ا باداع ماا آفا  جديدة إلأ للانطلا 

 الرسم و والكتابة القراءة مثا ارساسية فياع المبارات ما يحدث سوا فيما وتسبببا الرقمية، الثورة عا الناتجة المتقدمة التقنيات آثار

 تازداد وساوا الرقمياة ةالثاور  عيار فاا أيمياة أكثار ستيابو المباارات تماك أا فا غير ذلك يعكس ارمر واقل أا جدو  اليدوي، والعما

 والعممياة للأسااتذة الحاساب باديلا أجبازة ليسات المثااا سابيا فعماأ ارساساية، المباارات ماا يقو  بيساس يتمتعوا إلأ أشخاص الحاجة

نماا التعميمياة  والمباارات ا نساانية الاروح محاا أبادا تحاا لاا أنباا المادرس، كماا فاعمياة ماا وتطاور التعمايم وتادفل تسااعد أدوات ياا وا 

 .البشرى  الجنس تميز التا والمثابرة
الاذي أنااتج فكارا متطاورا ومتجااددا  ،رتكازة عماأ التكنولوجيااة الرقمياةماا تقاادم ظبارت أشاكالا واتجايااات معايارة م وبنااء عماأ 

ماا ببادا تييياا جياا جدياد  ،المعمااري التعمايمولمواكباة ياذا التطاور الفكاري لاباد ماا تطاور  ،يعتمد الرقميات فاا شاتأ المجاالات 
 .الخريجيا يواكب متطمبات العير

 التعميم الرقمي المعماري  في دور التدريسي:  الاولالمحور  -
 مبادئ التعميم المعماري الرقمي

وقد عرفت الدراسات المختلفة التعليم الرقميي سسي  .. يطلق على هذا النوع من التعليم أيضاً بالتعليم الالكتروني : التعلٌم  الرقمً  تعرٌف

للمتعلم بطريقة  لتقديم المستوى التعليمي( الرقمية) التعليم الالكتروني باعتماده التقنية الالكترونية( الموسى)ل دراسة، سيث عرف تخصص ك

 (.8من 1ص ،2002، الموسى) جيدة وفعالة ، مختصراً الوقت والجهد والتكلفة في العملية التعليمية

                                                 
1 2ص   3002-3002الجامعة التكنولوجية للأعوام / دات الخطة الدراسية لقسم البندسة المعماريةمفر    
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طريقة لمتعميم باستخدام آليات الاتيااا الحديثاة ماا حاساب وشابكاته " نا  بااوتعطا الدراسات أيفا مفبوماً لمتعميم الالكترو 
ووسائطه المتعددة ما يوت ويورة ورسومات ، وآليات بحث ، ومكتبات الكترونياة ، وكاذلك بواباات الانترنات ساواءً كااا عاا بعاد 

 وأكبارجباد  ممكاا وأقاا وقاتماة لمماتعمم بيقيار ، ويقيد استخدام التقنية بجميل أنواعبا فا إييااا المعمو " أو فا الفيا الدراسا
إفااافة إلااأ إمكانيااة الحاسااوب فااا تحساايا المسااتوى العااام لمتحياايا الدراسااا ، ومساااعدة (. 8مااا 0، ص5ذ022،  الموسااأ) فائاادة

 . المعمم والطالب فا توفير بيئة تعميمية جذابة ، لا تعتمد عمأ المكاا أو الزماا
 ( : 8ما 7، ص0225الموسأ ، )متعددة ويا  تخذ التعميم الرقما أشكالاً وقد ي

   استخدام الحاسوب فا التعميم. 

   ( .التعمم عا بعد)استخدام الانترنت فا التعميم 

   ( . الرقمية)التعميم الرقما الذي يعتمد عمأ التقنية الالكترونية 

لتقديم المحتيو  التعميميي لمميتعمم رقمية التعميم الذي يعتمد التقنية ال: مما ذكر أعلاه يمكن تعريف التعميم الرقمي بأنو 
، ويتصيذ اشيكالًا عيدة وىيي اسيتصدام الحاسيوب فيي  بطريقة جيدة وفعالة ، مصتصراً الوقت والجيد والتكمفية فيي العمميية التعميميية

  ( .الرقمية)والاعتماد عمى التقنية الالكترونية ( التعمم عن بعد)التعميم واستصدام الانترنت في التعميم 
فالمحتوى العمما  يقيد به المعرفاة الرقمياة   بدوا وجود محتوى عمما وتقديم ميه فاا التعميم الرقما لا يمكا اا يطبوع 
 . ا التقديم فيشما الكادر التدريساام ,

 اا استخدام مثا يذ  البرامج والاجبزة لا تعطا دور المدرس فا العممية التعميمية ولا تكوا بديلا عنه، وانما تعما عمأ
خم  حالة ما الامتزاج بيا ما يو مستجد فا الدروس العممية وبذلك يمنو الطالب فرية افافية لتعمم المبارات وتدفعه الأ 
التدريب والتكرار ما خلاا خم  الرغبة لديه كونبا شيئا جديدا يطب  فا المحافرات العممية ويختما عا الاسموب التقميدي 

 (0225عما ، ) .السائد
 معماري ال التعميم* 

 وبرامج التعميم المعماري  منهجٌة مفهوم

 العمما، المحتوى المرجوة، اريداا: )التالية  ارربعة ارركاا ما تتكوا العام بمفبومبا المنبجية أا عمأ إجماع شبه يناك

 ((52-2)، ص5002الطيبا ، ) )المستمر التقويم التدريس، طر 
 المحتاوى بايا كبيارًا ترابطًاا ينااك أا المعاروا التادريس حياث ،  مااففيماا يخاص موفاوع البحاث الحاالا ياو ركاا طار  

 المرجاوة التربوياة للأياداا ترجماة ياا التادريس طر  اعتبار ويمكا .بينبما الفيا أحيانًا وييعب ، ببا يدرس التا والطريقة العمما
 ييانا الابعض أا إلا ، الجيادة لتادريسا أسااليب تحدياد عماأ الترباوييا إجمااع عادم ماا الارغم وعماأ .فعماا واقال إلاأ وتحويمباا

 ((52-2)، ص5002الطيبا ، ) :يا أقسام ثلاث إلأ الجيد التدريب خيائص

   التدريس ييئة لعفو الجيدة العممية المؤيلات. 
 التدريس ييئة لعفو المبنية و التربوية الخبرات. 

  و التجديد عمأ قدرته و وموفوعيته ، لمتدريس حماسته و استقامته حيث ما التدريس ييئة لعفو الشخيية السمات 
 .ا بداع 
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اا أيمية مادة التيميم المعماري غير قابمة لمجدا فما منبجية التعميم المعماري ، وما بيا أيام الدراساات التاا اكادت 
ري ويوفاو ذلك يا دراسة الطيبا ، حيث اشار فا الشكا ادنا  الأ تمركز ماادة التياميم المعمااري فاما منبجياة التعمايم المعماا

 مجاالات جميال فاا دخولاه و لمحاساوب الساريل التطاور و القاوي الظباور أدى حياث. علاقتاه باعتباار  ماادة أساساية باالمواد التكميمياة 

 العماارة فاا مجااا المساممات يذ  أيم ما و . كمسممات أو كبديبيات ميخوذة كانت التا ارمور ما كثير فا إعادة التفكير الحياة إلأ

 المعماري التيميم يعتبر  حيث خلافه، و أبداع تدريس و و خبرات و نظريات و طر  و أسس ما يحتويه ما و المعماري التيميم يو

 التعمايم فاا أيمياة الدراسية المواد أكثر يو فالتيميم .المعمارية البندسة و العمارة يتعم  بمبنة ما كا فا ارساس و ارولأ الركيزة يو

الطٌبيً، ،).لمتياميم المعمااري الدراساا التقيايم ماا قادر أكبار تخيايص ياتم و الدراساية الجاداوا ماا ةمسااح اكبار و يحتاا المعمااري

  ((13-2) ،ص5002
 

، 
 

 
 
 
 
 
 
.. لا بد ما الولوج أولًا فا مبادئ تعميم التيميم المعماري .. عميه لغرض البحث فا جانب التعميم المعماري الرقما و 

 .ا عمأ خيائص التعميم المعماري الرقما وما ثم الانتقاا تدريجياُ لمتعر 
 تعلٌم التصمٌم المعماري* 

 دي التصمٌم المعماري التقلٌ -:أولاً 

البرنامج، التيميم  مرحمة تطوير مثا (Laseau) لاسو  تتفما عممية التيميم المعماري عدة مراحا كما اقترحبا
و فا حيا يبدو يذا التحديد مناسبا فا . رسومات التنفيذ، التنفيذ ذ،ارولا، التيميم الابتدائا، تطوير التيميم، مستندات التنفي

و ما المناسب أا نحدد . مختمفة أنواع لكا تطوير طر  جديدة لمتيميم يحتاج إلأ تقسيم التيميم إلأ فبم مراحا التيميم و
) زانج كما أقترحبم جيرو و ماير و)  ثلاث أنواع عمأ ارقا


Gero , Maher and Zhang):) التقميدي، التيميم  التيميم

المختمفة بالمراحا المختمفة لمتيميم يمكا أا نحدد مستويات التيميم،  وما خلاا تقابا ارنواع ألابتكاري، و التيميم ا بداعا،
. لمجاايذا ا يتم معالجتبا فا خلاا تحديد تمك المستويات وتحديد نقاط البحث التا لم ويمكا تفبم مدى تعقيد عممية التيميم ما

                                                 

 Laseau : 

ِْ  ىذٝٔ،   بر ْٕذعخ ٍؼَبسٝخأعز  ٍِ ِْ اى 05أمضش  ٍِ . design drawingٗاىشعٌ اىزظََٜٞ  freehand sketching( اىحش)اىشعٌ اىٞذٗٛ فٜ رؼيٌٞ  خجشحعْخ 

ٍُإىفُ   : اىنزت اىزبىٞخ  ٕ٘ 

"Graphic Thinking for Architects and Designers," "Graphic Problem Solving for Architects and Designers," "Inkline 

Drawing," "Architectural Drawing: Options for Design ," " Handbook of Architectural Representation" and "Visual 

Notes" with Norman Crowe. 

 John S. Gero, Mary Lou Maher and Rabee M. Reffat 

Key Centre of Design Computing and Cognition 

University of Sydney, Australia 

Email }john,mary,rabee@arch.usyd.edu.au{ 

 

 المعماري كمادة التصمٌم علاقة ٌوضح كما المعماري التعلٌم منهجٌة تحقق كٌفٌة ٌوضح) 1 (كل رقمش

 (( 22-2)، ص2002الطٌبً ،)التكمٌلٌة المصدر  بالمواد أساسٌة
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أنواع التيميم التقميدية، ومكا الخطي الاعتقاد بيا أي برنامج بذاته أو وحد   فالبرامج المساعدة لمتيميم المتوفرة تجاريا تساعد فقط
)  .ما البرامج المساعدة أا يوفر كا متطمبات عممية التيميم، اذ تتطمب كا مرحمة ما مراحا التيميم أنواع مختمفة يمكا

 .(a – 0222،page 6 of 26-محجوب

 

 مبادئ التصمٌم المعماري التقلٌدي  -أ 

التخياا وا حسااس وا باداع، ولماا كااا ماا الياعب وياا  يتفما ويا التياميم الكثيار ماا العنايار غيار الممموساة مثاا
وبادأ . هالاذي لا يظبار محتوياتاه ولا تفايايم (The Black Box) يذ  العمميات، كاا التياميم المعمااري يشابه بالياندو  ارساود،

، الاذي ( (The Glass Box بالياندو  الزجااجا الاحتيااج لتغييار ياذا التشابيه لفبام ماييتاه و نشااطاته، لاذلك تام تشابيه التياميم
   .(22ص ،2990النجيدي ، ) محتوياته و مكوناته تظبر

و تقاديمبا فاا شاكا     المادياة  لتغييار البيئاة يبدأ التيميم الفعما لمشروع ماا بفارد أو مجموعاة أفاراد يقوماوا باساتحداث أفكاار
ويقيااد التيااميم المعماااري امااراا اساسااياا عمااأ الاقااا، يشااير الاوا الااأ جممااة الاجااراءات والافعاااا التااا يقااوم ببااا  .يناسااب التنفيااذ

 ،2990النجياادي ، )المبناادس المعماااري منااذ اسااتلامه امرالمباشاارة بالعمااا لحاايا تقااديم الرسااوم والمواياافات المطموبااة لغاارض التنفيااذ 
تياميم  -إعاداد البرناامج الاوظيفا :المراحاا التالياة ويقسام الميامموا التياميم إلاأ. عندما يتم البنااء ينتبا التيميم عادة(. 9ص

 .عمأ التنفيذ إشراا -رسومات تنفيذية  -تيميم نبائا  -ابتدائا 

ساانة المافااية كاناات الرسااومات ( 022)لااااا الطريقااة التقميديااة التااا اعتمااديا المعماااريوا  لتطااوير وويااا تيااميماتبم خاالاا ا
اذ تتخاذ ايام .حيث يبدأ التيميم عادة بوفل الفكرة التيميمية فا التسمسا ما العام الأ الخاص، او ما الكا الأ الجزء. الخطية

اسااتمرارية ، وتتعاقااب القاارارات بعااديا، وتاازداد الرسااوم وفااوحا ماال (concept)القاارارات التيااميمية فااا البدايااة وتساامأ عااادة الفكاارة 
 . (20ص ، 2990النجيدي ، )ختمفة لعممية التيميم ممعالم الفكرة الاولية فا كا الرسومات التا توفو المراحا ال

و تعااديلات   (Sketch)الفكاارة الابتدائيااة )تتخمااا العمميااة التيااميمية أساااليب استكشااافية وأخاارى بنائيااة الاولااأ تتمثااا بااا 
لظبور إمكانيات فا التيميم لم تكا معروفاة لمميامم الاساليب البنائية فبا تيتا ما خلاا اما ( متعاقبة ما خلاا الور  الشفاا

 (.a – 0222،page 5 of 26-محجوب) ما قبا
 تعلٌم التصمٌم المعماري التقلٌدي  -ب 

ذ عام كنتيجة لدراسات قام ببا من" طر  التيميم فأ التعميم المعماري"عنوانه بحث،، Dennis Thornleyقدم دنيس ثورنلى 
التيميم الذي يتم تدريسه فا مدارس العمارة "عندما عاد لمتدريس بعد ممارسة المبنة فأ جامعة مانشستر حيث لاحظ اا  2958

شكا المبنأ و شكا الرسومات يو ايم شئ  حيث اا .له علاقة فئيمة لما يحدث فا الممارسة و تديور مستوى تعميم التيميم
،و لم يكا يناك أي أساس منطقا لمتحكيم حيث كاا التحكيم يتم بناء عمأ أيواء. و التفاييادوا النظر لمتحميلات الوظيفية ا

 .المبم يو تطاب  المسممات بيا المعمم والطالبو،المعلمٌن

و الطريقااة تتكااوا مااا . حاااوا ثااورنمأ إرساااء قواعااد لتعماايم التيااميم بااالتفكير فيمااا يفعمااه المعماااري عناادما يقااوم بالتيااميم
،:،ة،مراحلأربع

  جمل المعموماتAccumulation of data  

  الشكاتحديد الفكرة العامة أو Form Isolation of a General Concept or  

  تطوير الشكا لمتيور النبائاDevelopment of Form into Final Scheme  

  تقديم التيور النبائاPresentation of Final Scheme  



 ٗحذح شنش                                                                                 اىَؼَبسٝخ اىؼشاقٞخ سعخرفؼٞو رقْٞخ اىزؼيٌٞ اىشقَٜ فٜ اىَذدٗس اىزذسٝغٜ فٜ 

                                                                                                                                                                              ىْٞب غبٌّ

 

 914 

فكا مرحمة يتم تقييمبا . ة تعميم التا يتمكا ما خلالبا المعمم ما متابعة عما الطالبطريقة ثورنمأ أساسا أدا كانتوقد 
 .فا حيا كانت الدرجة الكاممة فا المافا تعطأ لممشروع النبائا

فقااد أشااارت إلااأ مفبااوم النمطيااة واعتباارت اا لااه دور فااا التعماايم المعماااري ، واتخااذت مااا قساام البندسااة ( 0225) القاازازأمااا 
حيث أوجازت فعالياات تادريس ماادة التياميم المعمااري فاا ياذا القسام لممارحمتيا الثالثاة , جامعة المويا حالة دراسية  – المعمارية
 (:225، ص0225القزاز، )بما يما( موفل البحث)والرابعة 
  اسااة كاالا اربعاااد أسااابيل تقريباااً متمثمااة بدراسااة الموقاال ، ودراسااة وظيفااة المشااروع متمثمااة بدر  3الباادء بدراسااة المشااروع لفتاارة

والعلاقااات الوظيفيااة لمكونااات المشااروع ، ودراسااة ارمثمااة المعماريااة المشاااببة لوظيفااة   (Standards)القياسااية الوظيفيااة 
 . المشروع 

  وع تقديم الفكرة ارولية فا نباية ارسبوع الثالث تقريباً ، ثم تطويريا خلاا ارسابيل التالية ويولًا إلأ التقديم النبائا لممشر
 . 

القااازاز، )لتتوياااا الاااأ يااادفبا ياااا (  2998المساااتنبطة ماااا دراساااة أباااو جاااادو )وأيااام المساااتويات التاااا اعتمااادتبا دراساااة القااازاز
 ( :  98، ص0225

-  Applicationمساتوى التطبيا    -  Comprehensionمساتوى الاساتيعاب  -  Knowledge(التاذكر)مساتوى المعرفاة  -
 . Evaluationمستوى التقويم  - Synthesisالتركيب  مستوى - Analysisمستوى التحميا 

يلاحظ مما تقدم ان تعميم التصميم التقميدي احتوتو ميدارس مصتمفية وبصييا واشيكال مصتمفية ، وكميا مبيين فييي ت ي  
مييو مين تسمسلًا لأحداث التصميم والتقيييم ، وبالتيالي فيان مراحميو تتطميب منياورات وا يحة بيين التصيميم والتقيييم وميا يترتيرب ع

 . تواصل بين التدريسي والطالب ، وان عممية استيعاب الطالب لا بد ان تقترن بعممية النقد 
 

 التصمٌم المعماري الرقمً  -:ثانٌا

 مبادئ التصمٌم المعماري الرقمً -أ 

o المعماري بمساعدة الحاسوب التصمٌم وصف 
مثا التخيا و ا حساس و ا بداع،  ير الممموسةبالرغم ما يعوبة ويا التيميم المعماري لتفمنه الكثير ما العناير غ

حسااب المعموماات الموجااودة فاا ارشااكاا اللازماة لمقيااام بانااه  . الحاساوب إلا أا الكثياريا حااولوا تعريااا التياميم فااا فاوء وجاود
و أبعادياا و ( جاومالح ارقطااب و ارركااا و المساطحات و)اذ  تحادد ياذ  المعموماات عاادة أشاكاا ارشاياء . بالتيانيل أو ا نشااء

تيخاذ العممياة التياميمية . الماواد والخاواص الاخارى ارشاكاا زواياياا الا ، و قاد يوجاد كاذلك رماوز ميااحبة للأشاكاا لتحدياد أناواع
الرسااومات ذات  الظاروا المحيطااة و لكاا عااادة ماا تكاوا عمميااات حساابات كتغيياار أو إفاافة ارشاكاا فااا أشاكالا مختمفاة حسااب
 .(a – 0222،page 5 of 26-محجوب) ،ت ذات الثلاث أبعادالبعديا أو المجسما

و لكا يا يمكا توفيو أيا تتادخا  .لا يدع مجالا لمعممية ا بداعية فا التيميم مجردا حيث قد يبدو يذا التعريا مبسطا و 
  .العممية ا بداعية فا التيميم ما خلاا اتخاذ رؤية حسابية لمتيميم؟

o ت المعمارٌة الحدٌثةفً التوجها الحاسوب  استخدام 

احادث دخااوا الحاسااوب التيااميم المعماااري تحاولا كبياارا تطمااب مشاااركة الجمياال مااا الطالاب إلااأ التدريسااا فااا يااذا التحااوا 
عادة النظر فا مايية عممية التيميم وارنشطة التا يتفمنبا وتكويا رؤية  جديدة لمتيميم المعمااري فاا فاوء وجاود الحاساوب وا 

 .الرسم والتيميم ومعالجة المعموماتفا فالحاسوب أداة جديدة وعميه ( ص, 0225الطويا ،. )
عاا التياميم وياو نسا  عمماا مقانا يتبال أساس و  فالرسم ياو وسايمة التعبيار .التيميم بطبيعة الحاا مختما عا الرسمو  

 الرسام بطبيعاة المشاروع يتفاما أماا التياميم فباو نسا  فكارى لتياور و تساجيا. عالياة أسااليب محاددة لمتعبيار يتطماب دقاة
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يرماز عناد   (CAD)ج و التعبيار الادار  .يتفما التيميم العدياد ماا ارنشاطة ارخارى التاا لا ياتم التعبيار عنباا بالرسام كما. الحاا
و إذا كاا الرسم ياو ارداة  .بمساعدة الحاسوب التيميم و لكا بالنسبة لمعمارة فبو يعنأ الرسم بمساعدة الحاسوب إلأ اغمب الناس

 الوسايمة باا ياا البادا فا يورة رسومات و لكا الرسومات ليست ياا يظبر التيميم فاا التيميما ية ارولأ لمتعبير عالمعمار 

 .لمتعبير عا التيميم

أن  ينعني التصيميم باسيتصدام الحاسيوب فعنيدما نقيول .الحاسيوب باسيتصدام أو بمسياعدة التصيميموىناك أي ا فرق بيين 
 حاسيوبأن لم يفيعني الحاسيوب التصيميم بمسياعدة أميا. اسيتصدام الحاسيوب فيي التعبيير عنييا التقميديية مي  التصميم يتم بالطرق

  .ةييييييييسير بطريقة مصتمفة عن الطريقة التقميدي دور أساسي في العممية التصميمية و أن نسق التصميم

 جديادة كايداة فقاط لايس  عموماات،الم وتقنياات الحاساوب عماأ تعتماد وجميعباا العماارة مبناة مجااا دخمات جديادة أدوات ينااك أا

 ما ولكا المعمومات، نرى وكيا نيمم وكيا نرسم كنا كيا يغير سوا فالحاسوب تستخدم، كانت التا التقميدية اردوات إلأ تفاا

 يبادأ اأ كبيارة خطاوة وياا قباا ماا الساريل التغييار ياذا مثاا التياميم مبناة عماأ يطارأ ولام ، بباا نيامم التاا الطريقاة تغير أنبا أيم يو

 .المعماري التيميم فا جديدة أداة استخدام

ياادخا اسااتخدام الحاسااوب فااا المبااارات الفكريااة وطريقااة التفكياار  فكممااا تاام اعتماااد المبااارات الفكريااة المتداولااة إفااافة إلااأ 
لدقااة ويعااالج أخطاااء النتاااج مااا حيااث الساارعة والدقااة، إذ انااه يااوفر وقاات ا المبااارات التقنيااة التااا يفاايفبا الحاسااوب ياازداد التقاادم فااا

  .الرسم إفافة إلأ السرعة
و . المعمااري و عماأ مبنااة العماارة ككااا يثيار اساتخدام الحاسااوب فاا العماارة الكثياار ماا الجادا حااوا تايثير  عماأ التيااميم

 المعمااري التياميم المعمااري باعتباار  ياؤثر عماأ العممياة ا بداعياة و قادرات المبنادس يتحفظ الكثيريا عمأ استخدام الحاسوب فاا

المبنادس المعمااري و إا ياتم الاساتغناء عاا المبنادس المعمااري  عمأ الابتكار، با إا البعض يتخوا ما أا يحا الحاسوب محاا
 . تماما

o  التصميم المعماريالحاسوب في  ٌساعدكيف 

د مسااتعمما الحاسااوب وحتااأ العدياا. مااا الممكااا اسااتخدام الحاسااوب  نتاااج الرسااومات دوا الاسااتفادة مااا إمكانياتااه فااا التيااميم
التقميدي إلأ الرسم بالحاسوب فا حايا تقادم بارامج التياميم بمسااعدة الحاساوب  المتمرسيا قاموا بتحويا مباراتبم اليدوية فا الرسم

ومين   .الاساتفادة الكامماة ماا تماك المميازات و ماا المبام تعمام كيفياة. ما المميزات بطر  مختمفة عا مبارات الرسام التقميادي العديد
 : (a – 0222،page 1-16of 26-محجوب) : بكفاءة منبا المبادئ ارساسية التا تمكننا ما التيميم بمساعدة الحاسوباىم 

 Layers)الطبقاات و المجموعاات، ( (Mass Production ا نتااج بالجمماة، (Design with Objects ) التياميم بالعنايار

and Other Collections)  ، مسااتويات التيااميم(Cycles of Design) ،اساتخدام المقياااس الحقيقااا (Real-World 

Scale) ،السااارعة و المراجعاااة ((Speed and Feedback ، التخطااايط قباااا الرسااامPlanning Before Drawing)) ،
رساومات و نمااذج البعاد ، Interaction with Client ) التفاعاا مال العمياا، Intelligent Drawings) )الرساومات الذكياة 

  (3Dimensional Drawings and Models) الثالث
  الرقمً  تعلٌم التصمٌم المعماري -ب 

العممياة  فاا أساسااالتغييار  كااا ياذا إذاولايس ينااك اتفاا  عماا . يقوم الحاساوب بتغييار كيفياة تادريس البندساة المعمارياة
مراساام التيااميم  أوتوى مساااقات تقنيااة متقدمااة و لكااا الوافااو اا يناااك تاايثير متزايااد عمااأ مساا. تقنيااات التعماايم فقااط فااا أمالتعميمياة 

و لام تتخاذ العدياد ماا مادارس العماارة دور . ماا الطمباة و المشاتغميا بالمبناة أساسااالتغييار تايتأ  فااوالرغباة . عمأ كاا المساتويات
التعمايم  فااساوب مجااا دور الحا فاايذا المجاا باالرغم ماا اا قاوة التناافس تازداد بايا المادارس و حتاأ داخاا المادارس  فا قيادي

الرقماااا يعناااا  فالتياااميم ينااااك عااادد ماااا الاتجاياااات يمكااا التفكيااار فيباااا لتعمااايم التياااميم المعماااري بمسااااعدة الحاساااوب .المعماااري
  c – 0222،page2محجوب) ( .بيورة رقمية)التفكير فما مراحا التيميم وليس فقط النتاج 
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 ،نظم،التصمٌم،المعماري،بمساعدة،الحاسوب،بعد،تخرجهمتأهٌل،الطالب،بالأفكار،و،المهارات،اللازمة،لاستخدام. 

 ،بأنفسهمبمساعدة،الحاسوب،و،تطوٌر،و،استحداث،تلك،النظم،،المعماريتطور،نظم،التصمٌم،،فًتأهٌل،الطالب،للتحكم. 

 ،عمل،مشروعاتهم،أثناءالتصمٌمٌة،،النواحًتوفٌر،التجهٌزات،المناسبة،تجارٌا،و،فنٌا،لطلبة،العمارة،لاستكشاف 

 المعامل،لتجربة،تصمٌماتهم،من،خلال،بٌئة،تصمٌمٌة،جدٌدة،توفٌر،

 الرقمي التصميم المعماري بين التصميم المعماري التقميدي و  مقارنة-:ثالثاً 

وباارخص ماا ياو  ، ا بداعية فا التيميم الحاسوب يمكا أا نستوفو أيا تتدخا العممية بواسطةما خلاا تعريا التيميم 
قواعاد حسااب ا شاكاا و عادم اتفاا  أسااليب المنطا   ارية فاا تفساير ا شاكاا و عادم الاساتقرار عماأدور الغموض و عدم الاستمر 

  .قد اكتما أو أيبو مناسبا الناقد فا تحديد ما إذا كاا التيميم
لتفسير ارشكاا يؤدى إلاأ رؤياة  فعدم الثبات عمأ قواعد محددة ، و لمغموض و عدم الثبات فا تفسير ارشكاا دور يام

  .مختمفة حسب الظروا المحيطة ببا و فا ارحواا المختمفة اويا جديديا لبا، اذ يرى الميمم ارشكاا المرسومةوت

غنياااة  التياااميم لااايس وياااا شااااء ماااا ولكناااه استكشااااا ماااا يمكاااا أا يكاااوا، فالرساااومات تكاااوا مفيااادة عنااادما نرايااااف
لماا نارا  فاا الرسام يفاعا العممياة ا بداعياة،  عناأ واحاد فقاطتحدياد م. بالاحتماالات و المعاانا التاا يمكاا أا نراياا بطار  مختمفاة

ويمكاا ملاحظاة الفار  بايا التياميم التقميادي والتياميم  ،وما ينا ييتا دور القابمية التعبيرياة لمميامم فاا أغنااء الفكارة التياميمية
 .(2)فا الجدوا  بمساعدة الحاسوب

 
 

 الحاسوب بمساعدة الطريقة التقميدية المقارنةمجال 

مقيااااااد بمسااااااتويات التعبياااااار المتدرجااااااة و  مستويات التعبير عا التيميم
 المتزايدة فأ الدقة مل تطور التيميم

غير مقيد بمستويات تعبير فاأ المراحاا 
 المختمفة ما التيميم

 طر  متعددة تعتمد عمأ الامكانات الرسومات التقميدية و المجسمات طر  التعبير عا التيميم

 قرارات مستمرة فأ اى وقت قرارات محددة فأ رسومات محددة ميميةاتخاذ القرارات التي

التوجااااااه مااااااا أعمااااااأ إلااااااأ أساااااافا تباااااادأ  العممية التيميمية
 بالتفاييا بالعموميات و تنتبا

ليس لباا توجاه يمكاا أا تبادأ ماا أسافا 
 أسفا إلأ أعمأ أو ما أعمأ إلأ

يااتم إعااداد الاانظم و التفاياايا و حساااب  المعمومات ارساسية
 التقميدية ميات بالطر الك

الاااانظم و التفاياااايا و الكميااااات متاحااااة 
 التحديث بطريقة اليكترونية دائمة

 سريعة و دقيقة بطيئة و غير دقيقة التحميلات البيئية و ا نشائية

 سريعة بطيئة عما المرادفات

 أسموب عمما أسموب شخيا تقييم المرادفات

وكماا .. لناوعيا ماا التعمايم المعمااري باعتمااد المساتويات التاا طرحتباا دراساة القازاز ويمكا اعطااء وجاه اخار لممقارناة بايا ياذيا ا
 .مبيا فا الجدوا ادنا  

 
 الرقمي تعميم التصميم المعماري التصميم المعماري التقميدي و تعميم بين  مقارنة: رابعا

  2رقم يمكن ملاحظتيا من الجدول 
 

اعداد الباحث / عماري التقميدي وبمساعدة الحاسوبمقارنة بين التصميم الم( 1)جدول رقم     
 

اعداد الباحث /وتعميم التصميم بمساعدة الحاسوبالتصميم المعماري التقميدي  تعميم مقارنة بين( 2)جدول رقم   
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مما تقدم يت ح أن التعميم الرقمي يستند أساساً إلى العممية التصميمية والتعميم الرقمي الذي يؤكد أىمية التفاعل بين التدريسي 
يسييي فييي تفعيييل تقنيييةالتعميم الرقمييي فييي المييدارس والطالييب ، ميين حيييث التوجيييو والتقييييم وعميييو يتنيياول ىييذا البحييث دور التدر 

 .المعمارية 

موقييف التدريسييي ميين تقنييية التعميييم الرقمييي واسييتصداميا فييي التعميييم المعميياري عمومييا وفييي مييادة التصييميم * 
 .المعماري بشكل صاص

واد الساااندة، ويااذ  المااواد يعتمااد  يااميم الدراسااة المعماريااة فااا مجاااا العمااارة بشااكا أساسااا عمااأ مااادة التيااميم المعماااري والماا
تتطمااب تواياااا مساااتمر ومباشااار بااايا الطمباااة والتدريساااا المعمااااري لتوجياااه النقاااد المباشااار ساااواء عاااا طريااا  الوساااائا المتاحاااة أثنااااء 

وقد أشارت العديد ما الدراسات إلأ أيمية توظيا تقنية التعمايم الرقماا . تواجديم فا المراسم أو عا طري  التوايا عبر الانترنت
مااا يخااص مااادة التيااميم المعماااري ولكنبااا تبايناات ماال التقنيااات والامكانيااات المتاحااة فااا كااا دراسااة وحسااب الظااروا المتاحااة  فااا

   .لمتدريسا
تخيص البحث باستطلاع الدراسة فا مجاا تعميم التيميم المعماري الرقما كما سب  ذكر  فاا فقارات المحاور اروا ، وعمياه 

ردات دور التدريسا فا التعمايم الرقماا المعمااري ، كااا لا باد ماا اساتطلاعه ماا خالاا تايثير  ولغرض الويوا الأ استخلاص مف
فااا تعماايم التيااميم المعماااري الرقمااا ، ولمويااوا الااأ ذلااك سااوا يااتم استكشاااا تجااارب مجموعااة مااا الماادارس المعماااري عمااأ 

 : وكالاتا.. لما والعربا والعراقا المستوى العا
 

 . العالمية ةالتصميم المعماري الرقمي في المدارس المعماري دور التدريسي في تعميم

 سوبالحا بمساعدة الطريقة التقميدية المقارنة

تعماايم التيااميم مااا خاالاا  فاااالطاار  التقميديااة  المعماريتعميم التيميم 
 انتقاا الخبرة الشخيية

 أكثاااارالايتمااااام باااااا تكااااوا العمميااااة التيااااميمية 
 وفوحا و تقنية 

اكتساااااب الخباااارات التقميديااااة اللازمااااة لممارسااااة  التعميمية اريداا
 المبنة

 اكتساااااب الخباااارات التقميديااااة و الجدياااادة اللازمااااة
 لممارسة المبنة

التعماايم مااا خاالاا المراساام  فاااالطار  التقميديااة  التدريس أسموب
 و المحافرات

تاااااااااوفير التجبيااااااااازات والمراسااااااااام الاليكترونياااااااااة و 
شاااااابكات الاتياااااااا بالمكتبااااااات توجيااااااه الطالااااااب 

 الذاتالمتعمم 

التفاعاااااا بااااايا الطالاااااب و 
 ارستاذ

تفاعااااااا مسااااااتمر داخااااااا المراساااااام بباااااادا نقااااااا 
 الخبرات

تباعاااد ببااادا النقاااد و التوجياااه و تاااوفير تفاعاااا م
 التجبيزات

تكاااويا فبااام لمعممياااة  فااااالاعتمااااد عماااأ الااانفس  فبم العممية التيميمية فا ارستاذيعتمد عمأ  الطالب
 التيميمية و الدقة التقنية

التعميميااااااة و  اريااااادااالعممياااااة التياااااميمية و  ارستاذ
 تطور الطالب

يمياااااااة و التعم اريااااااادااالعممياااااااة التياااااااميمية و 
تطااااااور الطالااااااب و الااااااتمكا مااااااا التكنولوجيااااااا و 

 تطوير الوسائا التعميمية
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التااا طرحاات بشااكا مباشاار أو .. ساايتم اسااتعراض واقاال التعماايم الرقمااا فااا الماادارس المعماريااة العالميااة مااا خاالاا الدراسااات التاليااة 
دراساااة ، (0225)يباااا، دراساااة الط(Gero&Maher&Reffat,2001)دراساااة : وماااا ياااذ  الدراساااات .. غيااار مباشااار ياااذا الواقااال 

 .( 0225)دراسة الطويا ،  (2992)محجوب 

 (مثاا جامعة استراليا) – (Gero&Maher&Reffat,2001)دراسة : اولا

فام تدراساة التياميم المعمااري بالحاساوب و حياث تباتم الجامعاة  ب, تتناوا الدراسة مثاا التعميم الرقما فا جامعة استراليا
طالب تخرجوا ما نموذج يا دراسا لدراسة التيميم بالحاسوب وجاءت  92منبم المعماري فا القسم طالب دراسات أولية  322

. ساااااااااااانة فااااااااااااا المجاااااااااااااا اركاااااااااااااديما والبحثااااااااااااا لطاااااااااااار  التاااااااااااادريس والتيااااااااااااميم باسااااااااااااتعماا الحاسااااااااااااوب  32خبااااااااااااراتبم مااااااااااااا 
(Gero&Maher&Reffat,2001,P.11of 13)  
 , Faculty of Architecture)معاااة سااادنا ا الكمياااة المعمارياااة لجافاااوقاااد اعطيااات شااابادة التياااميم بالحاساااوب 

University of Sydney)  حيث يحق  الطالب ثلاث أساسيات يا: 
 
 

  (تطور المفردات والمفاييم)تطوير البيئة التعميمية لمتيميم الرقما 

  (التفاعا مل برامجيات التيميم الرقما)التيميم الرقما 

  ًالتفاعا مل المشاريل الميممة رقميا. 

 المرحمة المادة
جامعة واشنطن 

 أمريكا -

جامعة كاليفورنيا 

 أمريكا –

جامعة تورنتو 

 كندا –

جامعة شيفمد 

 انكمترا -

جامعة 

 –ماربورج 

 ألمانيا

مواد الرسم والتصميم 

 الرقمي 

         سم والتصميم بالحاسوب الر  .1

         الرسم والتصميم المعماري الرقمي  .2

ميييييييييييييواد الاظييييييييييييييار 

والنمييييييياذج ال لا يييييييية 

 الابعاد

         الاظيار والنماذج ال لا ية الابعاد .3

         النماذج ال لا ية الابعاد .4

ميييييييواد الاسكتشيييييييات 

 (الرسم اليدوي)

        الاسكتش الرقمي .5

        ميالاسكتش في الرسم الرق .6

مييييييييييييواد التصييييييييييييميم 

 الافترا ي 

        تصميم البيئات الافترا ية .7

          التصميم المعماري الافترا ي .8

مييييييييييييواد التصييييييييييييميم 

 المعماري بالحاسوب 

         التصميم بالحاسوب .9

        التصميم المعماري بالحاسوب .12

        برمجة الرسم بالحاسوب لمتصميم .11

           التصميم المعماري الرقمي .12

 مسميات المواد المعتمدة في دراسة الطيبي(: / 3)جدول رقم  
اعداد الباحث   

 

 



2العذد   هجلة الهنذسة  2212حزيراى   16هجلذ  
 

 

 919 

رغشثخ عبٍؼخ ثٞشٗد فٜ اىزؼيٌٞ ( 0)شنو 

 اىَؼَبسٛ اىََزضط

ٍغيخ ) Faculty of Architecture 

Engineering P.49 (2004-2005) 

 

يسااتمزم تبيئااة كااادر  ولكااوا اا البيئااة التعميميااة تاارتبط ارتباااط مباشاار بالكااادر التدريسااا ، فعميااه اا أي تطااور يحاادث فااا تمااك البيئااة
 .تدريسا قادر عمأ تحقي  يذ  المتطمبات 

 (واشنطا ، كاليفورنيا ، تورنتو ، شيفمد ، ماربورج: مثاا جامعات ) 0225دراسة الطيبا : ثانيا 
 

،  المااادة الاكثاار اعتماااداً فااا الجامعااات المااذكورة يااا مااادة التيااميم المعماااري الرقماااتساامية  اا(: 3)مااا الجاادوا رقاام يلاحااظ 
الرسام والتيااميم , الرساام والتياميم بالحاساوب )، أماا الماواد %  52ثام ماادة التياميم المعماااري الافترافاا بنسابة %  22,7بنسابة 

الجامعاات التاا فقاد شاكمت  (المعماري الرقماا ، الاظباار والنمااذج الثلاثياة اربعااد ، النمااذج الثلاثياة اربعااد ، التياميم بالحاساوب
 % . 22,7ما الجامعات المذكورة ، وما تبقأ ما المواد اقا استخداماً لفظياً ، وبنسبة %  33,3نسبة تستخدمبا 

،  ماساسوشييت ،    مٌتشييٌجان،  أوهيياٌو،كورنٌييللمتيااميم ،  هارفيياردمدرسيية،: مثاااا جامعااات ) 2992دراسااة محجااوب  : ثالثااا
 (اورٌجون،، بلو ،انجلو ،افورنٌكالٌبجنوب،، جامعة  مٌلواكى-وٌسكونسون،  هٌوستون، ،مونتانا،  أرٌزونا

وكاااا موقااا التدريسااييا باايا المؤيااد , تفاامنت الدراسااة بياااا موقااا البيئااات التدريسااية لمجامعااات المااذكورة مااا تقنيااة التعماايم الرقمااا
رقمااا فااا والمعااارض ماال مراعاااة الفاار  باايا موقااا البيئااة الادرايااة والبيئااة التدريسااية وعاادم ثبااات الموقااا ماال تطااور تقنيااة التعماايم ال

 المدارس المذكورة
 (م ال جامعة جورجيا ، مانيتوبا ، فيلادلفيا) 2225دراسة الطويل :  ال ا

اسااتبياا لمجموعااة كبياارة مااا ( الثااورة الرقميااة وأثريااا عمااأ تطااوير التعماايم الرقمااا) فااا دراسااته الموسااومة  )الطويااا(طاارح 
التاا أعتماد نظاام تادريس الحاساوب فيباا ( جورجيا)ميم البيئا بجامعة الجامعات وكميات العمارة عمأ مستوى العالم، منبا كمية التي

أماا الاثنااا ا خاراا فيعتماداا بياورة أكثار تادقيقاً ومساتوى حياث  حاساوب ،عمأ أربعة مواد تحوي اثنتاا منبا التعاماا وا ظباار بال
اعتمادت ( مانيتوبا)، أما كمية العمارة بجامعة يجمعاا دراسة متطورة لمبرامج مل استخدامبا فا مشروعات التيميم البيئا والتخطيط

عمااأ التجاااوب باايا اليااد الحاارة والحاسااوب فااا الماانبج اروا إمااا الثااانا فيشااما معمومااات مفياامة ودراسااة أكثاار وفااوحاً باسااتخدام 
 –التياميم الرقماا  – العماارة والتياميم الاداخما)والتاا تتايلا ماا أربعاة أقساام ياا  ، (فيلادلفياا)الكومبيوتر، كمية العماارة بجامعاة 

والتاا تعتماد دراسااتبا ارساساية بقسام الكرافيااك ( تياميم الففاااءات الخارجياة –التيااميم الياناعا  –تياميم الكرافياك والاتياالات 
أكثاار منااه فااا باااقا ارقسااام، قساام العمااارة والتيااميم الااداخما يشااما الدراسااة فيااه عمااأ خمسااة منااايج تعتمااد الحاسااوب أداة رئيسااية 

 . بالمتدريس ب
باعتماااد التعماايم الرقمااا فااا التيااميم والاظبااار المعماااري اذ  افااا توجااه الجامعااات والتدريسااي اً تبايناا أشاارت دراسااة الطويااا

اظباار تدريسااا بعااض الجامعااات الحماااس لمتعماايم الرقمااا والرغبااة فااا مواكبااة الحركااة العالميااة مقابااا تمسااك ادارة الجامعااة بااالطر  
 0225الطويااا ،). ماااد التعماايم الرقمااا يعتمااد اساسااا تاييااد الادارة وامكانيااة التدريساايا فااا مواكبااة التطااورالتقميديااة فااا التعماايم واا اعت

 (70،ص 
التدريسيييي فيييي تعمييييم التصيييميم المعمييياري الرقميييي فيييي الميييدارس المعماريييية  دور* 

 العربية

 BEIRUT ARAB)تحميا تجربة جامعة بيروت العربية  دراسة الطويا  بينت 

UNIVERSITY). ة اعتمدت ورقة بحاث الطوياا الخاياة بمايياة المناايج التدريساي
 ودورمااااادة التياااميم المعماااااري  فااااا دعااامومحتواياااا  ،بالجامعاااات المختمفااااةحاساااوب لم

كاااا حساااب النساااب أو إذا ماااا كااااا  ،الفاعاااا فاااا عممياااة التياااميم المعمااااريالحاساااوب 
عات وتقيااايم كاااذلك نسااابة ساااا ،ورقاااةينااااك إجاباااات أخااارى ببااادا تفعياااا المروناااة فاااا ال
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تقااارب معظاام الجامعااات ( 0)حيااث يبايا الجاادوا رقاام . مقارنااة بالعادد ا جمااالا لمرحمااة البكااالوريوسالحاسااوب تادريس مااواد ومنااايج 
كمااا  ،فااما مشااروعات التياميم المعماااري الحاساوب ب وا سااقاطبماا يسااايم فااا عممياات الرساام الحاسااوب العربياة فااا تادريس مااواد 

فااا العممياة التياميمية بايي شااكا ماا ارشاكاا ولا يتعاادى دور  فاا الرسام وا ظبااار الحاساوب م تادخا اساتنتجت دراساة الطوياا عااد
 (.0225 ،الطويا) إلأ حد بعيد

الرقمااا الحااالا فااا الااوطا العربااا واشاارت معوقااات تطوريااا فااا جااانبيا مبماايا يااورة التعماايم اوفااحت دراسااة النجااار  كمااا 
 : (02/  7ص  ، 0223 ،النجار )يما

 ي  الجزئا لبعض تقنيات المعمومات والاتيالاتالتطب. 

 التيخير فا الاستفادة ما التقدم الكبير فا تقنيات المعمومات والاتيالات فا التعميم والتدريب. 

حيث اوفحت معوقات التطور فا عدم التواف  بيا رغبة الطالب فا مواكبة التقدم العالما التا تتيو له فارص عماا جيادة 
نيااة الماادارس المعماريااة مااا حيااث التقنيااات المطموبااة وامكانيااات التدريسااييا فااا مواكبااة وسااائا التعماايم الرقمااا يااذا بعااد التخاارج وامكا

 .افافة الأ مدى استجابة البيئات الاداري وامكانية تطوير منايج التعميم المعماري لتحقي  ذلك
العرباااا نحاااو تطبيااا  التعمااايم الرقماااا فاااا التياااميم تجرباااة جامعاااة بياااروت كتجرباااة رائااادة فاااا الاااوطا طرحااات دراساااة الطوياااا 

الخبارة والكفاااءة فااا اسااتخدام الحاسااوب فاا التيااميم المعماااري واسااتخدام برامجيااات  يالمعمااري باشااراا مجموعااة مااا التدريساايا ذو 
 3D)برناامج و ( PhotoShop)برناامج  و، (3D studio MAX)وبرناامج ( AutoCAD)برناامج :  مثاا التياميم بالحاساوب

home) ، برنااامجو(Archi cad)،  برنااامج و(3D VIZ) ، برنااامجو(Maya ) ... ،  فااا اعتماااد التعماايم الرقمااا فااا الماارحمتيا الاا
اذ تاام اعتماااد (.0)شااكا  ،الرابعااة والخامسااة واعتماااد ورش عمااا خايااة سااايمت فااا تطااوير امكانيااة الطالااب وابداعااه فااا العمااا 

اءا بمراحااا التيااميم الاولااأ وانتباااءا بمراحااا الاظبااار المعماااري واعااداد الرسااوم مفااردات منااايج خايااة تعتمااد التيااميم الرقمااا ابتااد
 .د ما التدريسيادالا اا التجربة اقتيرت عمأ المرحمتيا المنتبية فقط وباشراا عدد مح ،النبائية لممشروع

معااة فيلادلفياا ، منبجااً مثالياااً جا –كماا افارزت الدراساة امكانيااة اعتمااد مانبج قساام العماارة والتياميم الااداخما كمياة العماارة 
لتفعيااا دور الرقميااات بكميااات العمااارة لمااا لااه مااا تنااوع فااا الباارامج 
والمحتويااااات العمميااااة المسااااايمة بشااااكا فاعااااا فااااا تيييااااا الطاااالاب 
لمواجبااة المسااتقبا الرقمااا ، خايااة مااا يتعماا  بالدراسااات البياارية 

 ( 70،ص  0225الطويا ،. )والواقل الافترافا بمادة البيريات 
دور التدريسييييي فييييي تعميييييم التصييييميم المعميييياري الرقمييييي فييييي * 

 .العراقية  ةالمدارس المعماري

تدرس الحاسبات فا ارقسام المعمارية فا الجامعات العراقية 
 ،بييغة منفيمة وكمواد مستقمة عا مادة التيميم المعماري

إلأ أا طبيعة المحافرات لا زالت عامة خلاا ارعوام إفافة 
أي بمعنأ آخر لا زالت تستخدم كوسيمة فا ا ظبار  المافية

 وليس مؤثر مبم فا العممية التيميمية إلا ما ندر ما الحالات 

ناك بعض التوجيبات الفمنية التا تحفز عمميات الخم  يذ إ
با فا اغمب اروقات إلا أن, لكثير منبم قد ويا إلأ مرحمة لا بيس ببا ما التياميم بالحاسوباوا بداع لدى الطمبة سيّما واا 

ويذا ما يمكا ملاحظته كمثاا فا أعماا , فقمما ينطم  الطالب ما التفكير الرقما منذ بدء التيميم,  ترتكز عمأ التقاديم النبائية

  

أعماا طمبة العمارة لممرحمة الرابعة فا الجامعة ( 2)شكا 
 التكنولوجية

( .3002)التقديم النبائا لمشروع التيميم الحفري   
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يم وبالتالا ما اليعب تحديد ما اذا كاا الطالب يعتمد الحاسوب فا التيم, طمبة العمارة لممرحمة الرابعة فا الجامعة التكنولوجية
انبا توفر رؤيا وافحة لمبعد الثالث فا التيميم وتعطا يورة شمولية اكثر , ولكا مما لا شك فيه, ام كاداة لمرسم والاظبار فقط

 (.     3شكا رقم ), وكما يظبر فا نماذج ما مشاريل الطمبة, لمطالب والاستاذ

 ماريةدور التدريسي في تفعيل تقنية التعميم الرقمي في المدرسة المعصلاصة 

الفار  بايا التياميم المعمااري  وبينات  ماا خاارج العماارة سواء فاا حقاوا العماارة أوايمية التعميم الرقما الدراسات اشرت 
افااافة الااأ  ،حيااث تباايا الامكانااات التااا توفريااا برامجيااات التيااميم بواسااطة الحاساابة فااا زيااادة الدقااة والساارعة ،التقمياادي والتقنااا

نتاج توفير الرسم فا الب امكانية  الواجباات و القطاعاات و المنظاور لباا علاقاات مباشارة بايا المساقط ارفقاا و رساوماتعد الثالث وا 
الامر الذي يتطماب مباارات وامكاناات لادى الطالاب والتدريساا عماأ حاد ساواء  ، الامر الذي يتيو رؤيا شاممة لمتيميم بالبعد الثالث
 .فا مواكبة التعميم الرقما فا المدارس المعمارية

اذ تشاما جميال ،قماا فاا التياميم المعماارياعتمااد تقنياة التعمايم الر وتشعب الجواناب المتعمقاة بتداخا  كما بينت الدراسات
  .افافة الأ الامكانات المادية والتكنولوجية،الاطراا المشتركة ما الطالب الأ البيئة التدريسية ما تدريسا وادارة

الاأ خياائص التادريب الجياد ، وممكاا اعتمادياا لكاا تكاوا منطما  ( 2-0-2)فاا فقارة  فا دراساة الطيباا تمت الاشارة
 و التربوٌية والخبيراتحياث اا الماؤيلات العممياة الجيادة لعفاو ييئاة التادريس .. لخياائص التادريب الجياد فاا التعمايم الرقماا 

ية لعفاو ييئاة التادريس ماا حياث السامات الشخيا،  أماا ( بالمعرفية الرقميية الجييدة لع يو ىيئية التيدريس)تتمثاا يناا  له المهنٌة
 هاسيتعداد )و (  بالرغبة والحماسة للاستزادة مين المعرفية الرقميية مين جانيب) تنعكس رقمياً استقامته وحماسته لمتدريس  يمكا اا 

قسيام لتوظيف معرفتو ورغبتو باستصدام التقنية الرقمية في تطوير العمميية التعميميية المعماريية عمومياً وتطبييق مفاىيمييا فيي الأ
 والطرٌقة العلمً المحتوى بٌن كبٌرًا ترابطًا هناك أنكما ورد فا الفقرة نفسبا ..  (من جانب آصر المعمارية عمى وجو الصصوص

تحدييد المؤييد والمعيارض  موقيف التدريسيي أي )،ب،ن،ذليك،سيٌتمثلوبالتيالً،فيا بٌنهميا الفصيل أحٌانًيا،وٌصيعب بهيا  ٌيدر  التيً
 ( .لرقميلاستصدام المحتو  العممي ا

   :في تفعيل التقنية الرقمية بما يأتيوعميو يمكن تمصيص أىم المفردات التي يعتمد عمييا دور التدريسي 
  لع و ىيئة التدريسالجيدة المعرفة الرقمية. 

 من المعرفة الرقمية  الرغبة والحماسة للاستزادة. 

  لتوظيف التقنية الرقمية استعداده. 

  لاستصدام المحتو  العممي الرقميالمعار ة موقف التدريسي بين التأييد و . 
 .تم توظيفبا فما الدراسة العممية الموفحة لا حقاً سي  وبعد أا تم استخلاص يذ  المفردات

 (الدراسة العممية) المحور ال اني* 
ريساييا ماا اعتمد البحث اسموب الاستبياا المباشر وعبر الانترنيت لمحيوا عمأ اليورة الوافحة التا تبيا موقا التد

 .التعميم الرقما وف  مفردات الاطار النظري
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 تصوين قائوة الاستبياى  -

مادى معرفاة التدريساا فاا  إلاأ التوياا إلاأ حيايمة معرفياة عاايدفت ارسئمة الاستبيانية الموجبة إلأ العينة المساتبينة 
 فاااواستكشاااا ماادى رغبتااه الفعميااة  ،( اندة وارساااليبالبرمجيااات واردوات الساا)بتقنيااة التعماايم الرقمااا  الماادارس المعماريااة العراقيااة

والتعاارا عمااأ موقفااه المؤيااد أو المخااالا مااا اسااتخدام التقنيااة الرقميااة فااا التعماايم المعماااري وماادى  ،الاسااتزادة مااا المعرفااة الرقميااة 
 .التيميم المعماري عمأ وجه الخيوصقدرته عمأ توظيفبا فا المنبج المعماري عموماً ومادة 

العراقيااة فااا بغااداد وباااقا محافظااات معماريااة الماادارس وتوزيعبااا عمااأ تدريسااا ال ، (2)ممحاا  قائمااة الاسااتبياا  يمياامتاام ت
الجامعة التكنولوجية  ،قسم البندسة المعمارية -جامعة بغداد: شما الاستبياا  ،العرا  عا طري  التسميم المباشر او عبر الانترنيت

 -جامعة ديوك  ،قسم البندسة المعمارية -جامعة أربيا  ،قسم البندسة المعمارية  -ميمانية جامعة الس ،قسم البندسة المعمارية  –
معاة ارقساام المعمارياة فاا جا اعتمد البحث نتائج اساتبياا تدريساا ،قسم البندسة المعمارية -جامعة كوية  ،قسم البندسة المعمارية

 :الاتيةوذلك للاسباب وجامعة أربيا بغداد والجامعة التكنولوجية 
 .اعتباريا ما اقدم المدارس المعمارية فا العرا  -

 .عدد التدريسييا المعمارييا مقارنة بالمدارس المعمارية الاخرى -

يمكا  الاجابة عمأ عدد ما استمارات الاستبياا -
 . اعتماديا فا تحقي  يدا البحث

 والتوصيات النتائج والاستنتاجات -
 الاستبياننتائج  -

المعرفة )ستبياا المتفمنة جوانب الاتحميا قوائم  اظبر
الموقا ما  –الرغبة بالاستزادة ما المعرفة الرقمية  –الرقمية 

تطبي  التقنية الرقمية عمأ عينة  –رقمنة المنايج المعمارية 
 :  ارتا( منتخبة
التدريسااااا ببرامجيااااات معرفااااة النتااااائج المتعمقااااة بدرجااااة  -:أولًا 

 : التقنية الرقمية
فااااا الجانااااب المتعماااا  بدرجااااة  سااااتبيااالانتااااائج باااارت اظ

اسااتخدام )معرفااة التدريسااييا ببرامجيااات وأدوات التقنيااة الرقميااة 
 (AutoCAD)بتشاغيا برناامج أوتوكااد  فااالجيادة  ممعرفاةل ةاعماأ نساب .(0)الشاكا رقام فاا  وفاوموكماا ( الحاساوب وبرامجياتاه

 مكانيااة تاوفير الكااادر  البرنااامج فاا الخطاة المنبجيااة المعدلاة مماا يعكااس ناحياة ايجابيااة فاا إمكانياة توظيااا ياذا%( 22.7)بنسابة 
تشااااغيا برنااااامج و ( Windows)التعامااااا مااااا أنظمااااة تشااااغيا الحاساااابة فااااا معرفااااة جياااادة يميبا ،  الملائاااام لااااذلك فااااا يااااذ  الجامعااااة

(Microsoft Office)  ئج الاساتبياا نسابة معرفاة أما البرامجيات المتعمقة بالرسم بالبعد الثالاث فقاد اظبارت نتاا ..%(23.9)بنسبة
وياذ  النسابة فائيمة باالنظر إلاأ ماا يمتمكاه  ،%(32.2)  (3D studio MAX)تشاغيا برناامج قميمة بباا فقاد كانات نسابة المعرفاة ب

 .ل الخطة التدريبية لمتدريسيياعند وف أساسابنظر الاعتبار بشكا  أخذ مما يتطمب يذا البرنامج ما أيمية كبيرة ، 
 
 
 
 
 : ةي بتعمم برامجيات التقنية الرقميالتدريس رغبةتائج المتعمقة بدرجة الن-: انياً 

درجة معرفة التدرٌسٌٌن ببرامجٌات وادوات التقنٌة الرقمٌة )استخدام الحاسوب وبرامجٌاته( -
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 ( مجٌاتهرااستخدام الحاسوب وب)نٌة الرقمٌة وأدوات التق
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نتاااااائج الاساااااتبياا وكماااااا نلاحاااااظ ماااااا 
رغبااااااااة  خااااااااتلااأ( 5)الشااااااااكا رقاااااااام يظباااااااار 

حسااب نااوع البرنااامج و الااتعمم التدريسااييا فااا 
التعامااا :  كااا تاو بااايا بشااكا يكاااد يكااوا مت

( Windows)ماااال أنظمااااة تشااااغيا الحاساااابة 
بنساااااااابة الااااااااتعمم فاااااااائيمة نساااااااابة رغبااااااااة فااااااااا 

 Microsoft)تشاغيا برناامج ثام ، %(5.2)

Office)  يميبااااااااا بنساااااااابة  %(23.9)بنساااااااابة
برنااااااااااااااامج  رغبااااااااااااااة تعماااااااااااااامبقميااااااااااااااا  أاعماااااااااااااا

(AutoCAD ) ارجباااااااااازةو التعامااااااااااا ماااااااااال 
التعاما مل برامجيات الحاسبة بشكا و  التابعة
تشغيا برناامج و  ،%(07.8)بنسبة ( 3D studio MAX)تشغيا برنامج  وما ثم رغبة تعمم  %(22.7)بنسبة  (Software) عام
(PhotoShop ) التعامااااا ماااال الااااا ، أمااااا%(32.2)بنساااابة(Hard ware )تشااااغيا  ثاااام %(38.9) فنساااابة الرغبااااة بتعممااااه بمغاااات

ويااامت الرغباااة  (3D VIZ)تشاااغيا برناااامج  و(Archi cad)برناااامج
نسااابة وب الاخااارى برناااامجالتشاااغيا  وأخياااراً  ،%(02.7)بتعممباااا إلاااأ نسااابة 

مبرامجياااااااااات ل نلاحاااااااااظ ماااااااااا النساااااااااب أعااااااااالا .%(07.0)بمغااااااااات  أأعمااااااااا
(Windows )، (Microsoft Office) ، (AutoCAD )
ويذا يؤكاد بادور  ما قبا التدريسييا فئيمة بالتعمم  رغبة  (Software)و

النساااب المرتفعاااة التاااا ظبااارت ساااابقاً فاااا درجاااة معرفاااة التدريساااييا لباااذ  
اسبة فا اعاداد المناايج وفا  ياذا بناء الاليات المنيتطمب  مماالبرامجيات 

  . المنظور
ن اسييتصدام تقنييات التعميييم التدريسييي مي بموقيفالنتيائج المتعمقيية -: ال ياً 

 الرقمي 

موقيييف التدريسيييي مييين اسيييتصدام تقنيييية التعمييييم الرقميييي عمومييياً وفيييي إمكانيييية تطبيقييييا عميييى التصيييميم المعمييياري والميييواد  .أ 
حياااث تياااا نسااابته إلاااأ دريساااييا المؤياااد لتقنياااة التعمااايم الرقماااا وافاااو جاااداً أا موقاااا الت( 2)يلاحاااظ ماااا الشاااكا .المصتمفييية

وجباة ب، أماا ماا يتعما  (7) شكا( %83.3)بنسبة  ، وكذلك تطبيقبا عمأ المواد التا يقوموا بتدريسبا فا أقسامبم%(90.0)
بمغاااات يجابيااااة أيفااااا نظااار التدريسااااا فااااا إمكانيااااة توظياااا الحاسااااوب فااااا تاااادريس ماااادة التيااااميم المعماااااري فكاناااات النسااابة ا

 (. 8)شكا ( 83.3%)

 .موقف التدريسيين من جدو  التقنية الرقمية في التعميم المعماري  .ب 

 ( : 9)شكا رقم لاحظ ية تارمر يتفو ما خلاا الجوانب الايذا 
 :الاعتقاد بينه يجب أا نبدأ ما وجبة نظر العمارة وننظر إلأ ما يناسبنا فا الحاسوب -

 

تففايا أا يكاوا التغياار فاا منااايج وياذ  النساابة كانات مماثمااة ل %(90.0) ةبنسابو ..تامااً مااا قباا التدريسااييا  لاقاأ ياذا ارماار تيييادا
ومااا ثاام يااتم توظيااا باااقا .. التعماايم المعماااري عنااد اسااتخدام تقنيااات التعماايم الرقمااا بشااكا تاادريجا متفاامناً بعااض المااواد ارساسااية 

 . المعدلة المواد الدراسية تدريجياً فما الخطة المنبجية

ن المؤٌد والمعارض الموقف من تقنٌة التعلٌم الرقمً بٌ
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ٌوضح موقف التدرٌسٌٌن من التعلٌم الرقمً () 2 (شكل رقم
 بٌن المؤٌد والمعارض

نسبة الراغبٌن بالتعلم من التدرٌسٌٌن لبرامجٌات الحاسوب المختلفة
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نسبة الراغبٌن بالتعلم

 

ضح نسبة الراغبٌن من التدرٌسٌٌن بتعلم برامجٌات ٌو) 2 (شكل رقم

 الحاسوب المختلفة 
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 . أي يدخا فا يميم التفكير الذينا المعماري )الاعتقاد باا الحاسوب يستخدم فا توليد ارفكار ويعد كيداة لمعيا الذينا  -

 
 
 

 

 
 
 
 

 

ارفكاار فكاانوا بايا لاقأ يذا ارمر اجابات غير مؤيدة، اذ لم يؤياد تدريسايا الجامعاات المنتخباة اساتخدام الحاساوب فاا تولياد 
 .وعميبم فاا نسبة تيييديم للأمر كانت منخففة أو لديبم وجبات نظر أخرى االمعارفي

. والاظباار المختمفاةالاعتقاد باا الحاسوب يعتبار كوسايمة مجاردة تساتخدم لرظباار المعمااري ماا خالاا اساتخدام برامجياات الرسام  -
يس العمااارة ولااه أيميااة كبياارة فااا مراجعااة وبينااه يحاادث تغيياار أساسااا فااا طريقااة تاادر  شااانبا شاااا باااقا أدوات ا ظبااار المعماااري

ماا فبام نواياا الطمباة رنبام يساتطيعوا رؤياة المبناأ وباذلك  (Staff)التياميم داخاا المراسام بالافاافة إلاأ تمكيناه لجناة التحكايم 
يتخاااااذ التقيااااايم مساااااار مماثاااااا 

بااااااااااااااا والاعتقااااااااااااااد لممبناااااااااااااة 
الحاسااوب سااوا يمكااا طمبااة 
العماااااارة ماااااا تياااااميم الااااانظم 

نفااااااس الوقاااااات والمبااااااانا فااااااا 
وتيااااميم المبااااانا مااااا رؤيااااة 

بالافااااااافة إلااااااأ أنااااااه  شاااااااممة
يمكاااااااا الطمباااااااة ماااااااا ساااااااوا 

اختبااااار أفكاااااريم بساااارعة واا 
جودة تياميمبم ساترتفل ألاأ 
عاااادة افااااعاا واقعبااااا تحاااات 

كااا ... ظااا الماانبج التقمياادي
يذ  الجوانب المتعمقة بجدوى 

 . (%22.7-%22.2)اوحت نسبته بيا قبولًا متوسطاً تر  تالتقنية الرقمية فا التعميم المعماري لاق

أي )ا يكاوا ارسااموب التعميمااا ممتاازج ر أماا أكثاار الجوانااب تييياداً مااا قبااا كافااة التدريساييا الااذيا تاام اساتبيانبم فقااد كاااا تففاايمبم -
ماا  ، وعماأ العكاس%( 222)كانات نسابته  حياثال  ... ما رسوم حرة ، وسكيتشات ، رسوم حاسوب ( يستخدم وسائط ممتزجة

اعتباار  دراياة الطالاب الفائقاة فاا مجااا تقنياات الحاساوب عااملا أساسايا فااا بخياوص %( 00)فااا أقاا نسابة تييياد كانات  ذلاك
 قبوله فا ارقسام المعمارية فا يومنا 
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 موقف تدرٌسًٌ الجامعات المستبٌنة من جدوى التقنٌة الرقمٌة ٌوضح) 9 (شكل رقم

وجهة النظر فً امكانٌة تطبٌق اسلوب التعلٌم الرقمً على 

المادة التً ٌدرسها التدرٌسً بٌن المؤٌد والمعارض
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ٌوضح امكانٌة تطبٌق اسلوب التعلٌم الرقمً على المادة ) 7 (شكل رقم

 (بٌن المؤٌد والمعارض)التً ٌؤٌدها التدرٌسً 

وجهة النظر فً امكانٌة توظٌف الحاسوب فً تدرٌس التصمٌم 
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ٌوضح وجهة نظر التدرٌسً فً إمكانٌة توظٌف الحاسوب فً ) 8 (ل رقمشك

 تدرٌس مادة التصمٌم المعماري  
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بنساابة  لاقااأ تيييااداً فااعيفاً  يتطمااب العمااا بتقنيااة التعماايم الرقمااا تغييااراً جااذرياً فااا منااايج التعماايم المعماااري فيمااا اذا، وكااذلك  يااذا -
(32.2)% . 

 . درجة التغيير وتقييمو بين مفردات التعميم التقميدي والتعميم الرقمي وقف التدريسيين من م .ج 
حيث أعتبرت مفردة تعميم التيميم المعماري ما وجبة نظر التدريسييا يا اركثر تغيراً بتغير اسموب التعميم ما التقميدي إلأ 

لكا ما مفردات تغير اريداا %( 32.2)نسبة  تمتبا( %07.0)سموب التدريس بنسبة يميبا تغير أ%( 50.8)الرقما وبنسبة 
شكا  %(00.0)أما موقا الاستاذ فبو ارقا تغيراً وبنسبة , التعميمية ومفردة التفاعا بيا الطالب وارستاذ ومفردة موقا الطالب 

وعمأ العكس %( 75)التيميم قد لاقأ تيييداً ممحوظاً وبنسبة  أما ما يتعم  بتقييم التغير فيلاحظ اا التغير فا مفردة تعميم ( 22)
 .( 22)شكا فاا مفردة تغير التفاعا بيا الطالب والاستاذ اعتبر تغييراً سمبياً 

 

 العممييية التعميمييية معرفتييو ورغبتييو باسييتصدام التقنييية الرقمييية فييي تطييوير باسييتعداد التدريسييي لتوظيييفالنتييائج المتعمقيية  -:رابعيياً 

 " : رية عموماً وتطبيق مفاىيميا في الأقسام المعمارية عمى وجو الصصوصالمعما
 لتجرباة تطبيا  التعمايم الرقماا فاا التياميم المعمااري بشاكا ممحاوظ  التدريسايياتييياد  (20)لشاكافاا ا النتاائج و كماا مبايا أظبرت
لفاماا اماتلاك الطالاب المباارات اليدوياة فاا بتدرج فا عادد الطالاب وابتاداء ماا المرحماة الثالثاة  عمأ أا يكوا %(23.9)وبنسبة 

 .الكرافيك والتيميم التا يتناولبا فا المرحمتيا الاولأ والثانية
 . الاستنتاجات* 

ولماا كانات العماارة احاد الاوجاه المعبارة عاا التحاولات  ،يشبد العالم اليوم ثاورة تكنولوجياة ورقمياة تمتاد لتشاما جميال ميااديا الحيااة  -
كااا لاباد لباا ماا مواكباة الثاورة الرقمياة والاشاكاا الافترافاية عماأ مساتوى الواقال او عماأ المساتوى الاكااديما  الحفرية فا العالم

 .باعتباريا احد التيار الفكرية التا يشبديا العالم اليوم

معمومات كاا لاباد تعتمد العممية التيميمية عمأ تقييم واسترجاع المعمومات ولما كاا ذيا ا نساا محدود فا تخزيا واسترجاع ال -
. فاا العممياة التياميمية الحاساوبما الاستعانة بوسائا التخزيا الخارجية ومساعدته فا التيميم فكانت ا شارات ارولأ ريمياة 

ليساات إفااافة لموسااائا القديمااة ولا يمكااا التعامااا معبااا دوا تغيياار فااا نمااط  الحاسااوبأا الوساايمة الجدياادة فااا التيااميم باسااتخدام 
 .  لمفردات والمنايج الدراسيةالتفكير وا

ويظباار  ،فاا المباارات الفكريااة وطريقاة التفكيار افااافة الاأ امكانياتاه فااا سارعة ودقاة الاظبااار المعمااري الحاسااوبيادخا اساتخدام  -
بالبعاااد  التعبيرياااة عماااأ مساااتوى التياااميم فاااا التياااميم والاظباااار لامكانياتاااه الحاساااوبالطااالاب ايتماااام كبيااار فاااا اساااتخدام تقنياااات 

الاماار الااذي يتطمااب اشااراا وادارة اكاديميااة  ،والااذي يظباار فااا نتاجااات الطاالاب وخايااة فااا المراحااا الدراسااية المتقدمااة ،الااثالث
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موقف التدرٌسً من ٌوضح ) 10 (شكل رقم
 درجة التغٌٌر

تقييم التغيير
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فً موقف التدرٌسً ٌوضح ) 11 (شكل رقم
 تقٌٌم التقرٌر 

ريسي يىضح استعذاد التذ( 12)رقن  شكل

باستخذام التقنية  لتىظيف هعرفته ورغبته

 الرقوية في تطىير العولية التعليوية الوعوارية 

اقتراح التطبٌق على عٌنة منتخبة
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شااموا تقنيااات التعماايم الاماار الااذي يتطمااب  ،فااا التيااميم المعماااري الحاسااوبلحيااوا الطالااب عمااأ اليااورة اليااحيحة لاسااتخدام 
 .الرقما فما منايج التيميم المعماري

نما فا تيويا العما المعماري  ،ا بداع  المعماري عمأ غنأ الاحتمالات يعتمد  - فكمما كانات الرساومات  ،ليس فا ويا العما وا 
فاا  الحاسوبواا المعنأ الواحد يعدد العممية ا بداعية ما ينا جاء دور  ،غنية بالاحتمالات والمعانا ازداد عما المعماري إبداعا

مكانية استعماا التيميم الطباقاالتيميم فا زيادة غنأ العما م  . قارنة بالرسم اليدوي وا 

  ،الاا ... حاسااوب رسااوم  ،وسكيتشااات  ،مااا رسااوم حاارة ( أي يسااتخدم وسااائط ممتزجااة)ففااا أا يكااوا ارسااموب التعميمااا ممتاازج ي -
مية باالتوازي مال الرسام ما المبم أا يساعد الميمم فا العممية التيمي ،الرسم اليدوي مكوا أساسا لممارسة التيميم المعماري ف
 .فالاثنيا أكفاء معا فا التيميم المعماري ،الحاسوبب

مواكباة التطاور التيثير المتزايد لمتكنولوجية المتطورة فا التيميم المعماري عمأ كا المساتويات وايمياة  حواوافحا تفا  الا يظبر -
 .التكنولوجا الذي يشبد  العالم اليوم

اا ايجابياً جداً مما يفتو المجاا أمام ارقسام المعمارياة لممباشارة بوفال الخطاط التطويرياة ساواء اا موقا التدريسييا بشكا عام ك -
 . عمأ مستوى المنبج التطويري المعماري أو عمأ مستوى الخطة التدريبية لمتدريسييا

جبزة التابعة الذي يعكس مواكباة أا نسبة كبيرة ما التدريسييا فا مختما الجامعات تمتمك معرفة جيدة ببرامج تشغيا الحاسبة والا -
فا تيميم الخطة التعميمية الجديدة للأقسام  وعميه يمكا استخدام يذ  المعرفة  ،ر التكنولوجا فا التعميمالتدريسا المعماري لمتطو 

 . المعمارية

تاتم العممياة فاما اطاار  ولابد اا يواكب التطور التكنولوجا ويذا ما يوكد فارورة اا ،التدريسا المعماري يو ميمم معماري اولا -
   .بفرص التعميم الرقما اكاديميا ظأ الطالبحوتوجيه اكاديما لي

لاام تتخااذ العديااد مااا الماادارس المعماريااة الاادور القيااادي فااا مجاااا التيااميم بالحاسااب وعميااه لا بااد مااا المباشاارة بمحاولااة النبااوض  -
فرورة أا يكوا التعمايم ممتازج أي  عمأسبة كبيرة ما التدريسييا وقد أجمعت ن.. بالواقل التعميما فا المدارس المعمارية العراقية 

 .كما بينوا فرورة المباشرة بالمرحمة ارولأ .. لا يكوا رقمياً يرفاً خاية فا المرحمة الانتقالية 
 التوصيات * 

دياة التاا تساايم فاا رفال أداء تطوير المنايج والمفردات لتتواف  مل متطمبات فكار التياميم بالحاساوب باالتوازي مال المفاردات التقمي -
بيسااموب لا يبتعااد عااا رو ح ا بااداع، واا تقاايم أعماااا ومشاااريل الطمبااة وفاا  الحاسااوب يجااب أا تاادرس برامجيااات  حيااثالطالااب 

 . معايير التقييم المعماري

مناً بعااض المااواد تففاايا أا يكااوا التغياار فااا منااايج التعماايم المعماااري عنااد اسااتخدام تقنيااات التعماايم الرقمااا بشااكا تاادريجا متفاا -
أي بمعناأ آخار يساتوجب أا يكاوا ،وما ثم يتم توظيا باقا المواد الدراسية تدريجياً فما الخطاة المنبجياة المعدلاة .. ارساسية 

ينااا التعماايم ممتاازج وانطلاقاااً مااا تطااوير المااواد ارساسااية التااا تاادرس الحاسااوب فااا القساام ماال تحديااد برامجيااات أخاارى خايااة مااا 
  .وتساعديم عمأ الخم  وا بداع.. الطمبة ما تنفيذ تياميمبم بسبولة وطلاقة شينبا أا تمكا 

 الايتماااام بتزوياااد مكتباااات الكمياااات بالااادوريات والكتاااب المتخيياااة التاااا تبااارز الفمسااافات المعمارياااة المتطاااورة فاااا التعمااايم الرقماااا -
 .مادة المعينةتكنولوجا الذي يحدث فا الالبرامجيات ليتوايا الطالب مل التطور ال بيحدثرفديا المستمر  إلأ با فافة

 .وتوجباتبا الفكرية ،الرقمية والعمارة الرقمية ا شكااتطوير مفردات مادة نظرية العمارة لتشما طروحات  -
لوحااات الرساام  إلااأ با فااافةتياامم المراساام المعماريااة بياايغة يااا رقمااا يحتااوي  أايجااب  إذوسااائا التعماايم المعماااري تطااوير  -

تتاوفر قطعاة واحادة منباا فاا كاا  أاالسااندة فيكفاا  ارجبازة أماا ،ب لكا طالب يستخدم داخا المرسمجباز حاسو  أعم( البوردات)
 .يتم استخدامبا ما قبا الجميلمرسم لكا 
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 .يتعدا  ليشما التعميم عا بعد أايجب  إذ ،لا يقتير التعميم الرقما عمأ المراسم المعمارية أايجب  -

 كرافياكالو ماا بينباا التياميم  ،أقساامعادة  إلاأتتفارع الدراساة المعمارياة  أالجامعات العالمية فيمكا كما يو واقل الحاا فا بعض ا -
 .يص مبم فا مجاا التعميم المعماريتخي بارساسال  ما المسميات التا يا  ..قسم التعميم الرقما أو ،المعماري بالحاسوب

 .  المعماري والتنفيذفا مجاا التيميم  قنية والتكنولوجيةالتمتطورات لالمدارس المعمارية  أساتذةالتيكيد عمأ مواكبة  -

 
  :لمصادر -

 الميادر العربية : اولًا 
 مقاليييية فييييي مجميييية "عمييييى تطييييوير التعميييييم المعميييياري وأ رىيييياال ييييورة الرقمييييية (:" 2225)حيييياتم عبييييد الميييينعم  ،الطويييييل

vol.16 Architectural @planning journal،2005  -April ، ، 82)-( pp67 

 دراساة مقدماة فاا " الرقميية لم يورة المسيتقبمية والتقنييات المعمياري التعمييم اتجاىيات"،  0225مساعد ،  أحماد .الطيباأ ، د
 – البندساة كمياة – العماارة ، قسام" والعماراا العماارة عماأ وتيثيرياا الرقمياة الثورة"السادس الموسوم  الدولا المعماري المؤتمر

 .ا سكندرية  الجميمة ، جامعة الفنوا العمارة ، كمية ، قسم ٧٢- م ٥٠٠٢ مارس ٧١أسيوط،  جامعة

  ، تفعييل دور النمطيية فيي التعمييم الجيامعي لميادة التصيميم المعمياري" 0225القزاز ، فحأ عبد الغناا عباد العزياز"  ،
ية ، السنة الثانياة جامعة المويا ، بحث منشور فا المجمة العراقية لمبندسة المعمار  –دراسة فا قسم البندسة المعمارية 

 . 0225آذار , العدد الثاما  –
 تاريخ الحصول عمى المقالية ( جامعة الممك سعود –ندوة مدرسة المستقبل  إلىورقة عمل مقدمة (  : 2225) الموسى

21-2-2226  
 ياسييييييييييييييير  كتييييييييييييييياب . د ، محجيييييييييييييييوب(Design Book)  الموقييييييييييييييي  الالكترونيييييييييييييييي التيييييييييييييييالي ، :

http://www.fortunecity.com/victorian/paintbrush/1127/dsgnbk/DSGNBK0.html 
 ياسر.د ،محجوب(--a1996 )- Design Book  الحاسوبالتصميم المعماري و . 

  ياسر .د ،محجوب(-b-1996) - Design Book  فى العمارة  الحاسوبصدام ردود الأفعال تجاه است  
 ياسر  .د ،محجوب(--c1996)، - Design Book  الحاسوبتعميم التصميم المعماري باستصدام . 

 ياسر  .د ،محجوب(--d1996)، Design Book  الحاسوبأم مة طرق تدريس التصميم ب . 
  2225 ،    فيييييي الييييدول الناميييييية الالكتروناااااالتعميييييم ،   -Education/Doc24-http://www.ituarabic.org/E

SuezCanalUniv.doc 

 دراسة مقدمة إلى قسم اليندسة المعمارية منيجية التصميم المعماري (1992) ،حازم راشد.د،النجيدي . 

 رسييالة  ، لمعمارييية فييي المؤسسييات الأكاديمييية العراقيييةتقييييم المشيياري  ا ،( 1994) ،سيييى حسيين عبييد ا   ،الييدىوي
 .بغداد ،مقدمة إلى قسم اليندسة المعمارية في الجامعة التكنولوجية ،غير منشورةماجستير 

  الالكترونييييييي اسييييييتصداماتو فييييييي الييييييتعمم والييييييتعمم الحركييييييي الحاسييييييب  ، 2225 ،فا ييييييل  عااااااادا.د ،عمييييييى ، 

SuezCanalUniv.doc-Education/Doc24-http://www.ituarabic.org/E 

 الموقف العربي : التعميم الرقمي  إستراتيجياتورقة عمل حول  2223 ، فيييريييد. د.أ ، النجار. 

  (2227-2223)مفردات الصطة الدراسية لقسم اليندسة المعمارية الجامعة التكنولوجية 

  (2227-2223). جامعة السميمانية مفردات الصطة الدراسية لقسم اليندسة المعمارية 

  (2227-2223) .السميمانية  –لمكمية التقنية مفردات الصطة الدراسية  

  (2227-2223) .مفردات الصطة الدراسية لقسم اليندسة المعمارية جامعة أربيل  

http://www.fortunecity.com/victorian/paintbrush/1127/dsgnbk/DSGNBK0.html
http://www.ituarabic.org/E-Education/Doc24-SuezCanalUniv.doc
http://www.ituarabic.org/E-Education/Doc24-SuezCanalUniv.doc
http://www.ituarabic.org/E-Education/Doc24-SuezCanalUniv.doc
http://www.ituarabic.org/E-Education/Doc24-SuezCanalUniv.doc
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قبئَخ الاعزجٞبُ( 2)ٍيحق سقٌ   

 قبئَخ اعزجٞبُ
 اػضائْب اىزذسٝغِٞٞ 

( .. أٛ ثبعزخذاً اىنٍ٘جٞ٘رش)ٗالاّزقبه ثٔ ٍِ الأعي٘ة اىزقيٞذٛ فٜ اىزؼيٌٞ ئىٚ اىَغز٘ٙ اىشقَٜ اىحذٝش .. ىغشع الاسرقبء ثبىَغز٘ٙ اىزؼيَٜٞ فٜ قغٌ اىْٖذعخ اىَؼَبسٝخ  

ىزغزنشف ٍذٙ قبثيٞبرنٌ فٜ ٍغبه اىزؼيٌٞ .. ٗػيٞٔ فقذ طََذ ٕزٓ اىقبئَخ الاعزجٞبّٞخ .. ٓ ّٗحِ الاُ فٜ طذد اػذاد اىذساعبد الاعزنشبفٞخ اىزطجٞقٞخ ىٖب فقذ قَْب ثبعشاء دساعزْب ٕز

.. عزْؼنظ ػيٚ ّغبػ ٍٗظذاقٞخ ثحضْب ٕزا .. ٗدقخ اعبثبرنٌ ٍٗذٙ ٍظذاقٞخ .. ٍٗبٕ٘ اعزؼذادمٌ اىفؼيٜ ىلاعزضادح ٍِ اىَؼشفخ اىشقَٞخ ىيَغبَٕخ فٜ ٕزٓ اىؼَيٞخ اىزط٘ٝشٝخ  .. اىشقَٜ 

  ٗىنٌ عضٝو اىشنش عيفبً .. اىزٛ ٖٝذف ثبىذسعخ الاعبط اىٚ رط٘ٝش اىؼَيٞخ اىزؼيَٞٞخ اىَؼَبسٝخ ثشنو ػبً ٗرطجٞق ٍفبَٕٖٞب فٜ قغَْب ثشنو خبص 
 ٍؼيٍ٘بد ػبٍخ ػِ اىَغزجِٞ -:اٗلا

  :اعٌ اىزذسٝغٜ

  :اىغبٍؼخ

  يَٜاىيقت اىؼ

  :ػْ٘اُ اىجشٝذ الاىنزشّٜٗ 

 اىزحظٞو اىذساعٜ

 اىغٖخ اىَبّحخ ىيشٖبدح ػْ٘اُ اىَششٗع أٗ الاؽشٗحخ اىذسعخ

   ثنبى٘سٝ٘ط  

   ٍبعغزٞش     

   دمز٘سآ      

 اىذٗساد اىحبع٘ثٞخ اىزٜ اعزضرٖب

AutoCAD  3 D studio MAX  Maya  Archi cad  

Photoshop  3 D home  Windows  Microsoft Office  

 :ثشاٍظ اخشٙ رزمش

 ٍبٕٜ اىَ٘اد اىزٜ رذّسعٖب فٜ اىقغٌ ٗلأٛ ٍشحيخ  -:صبّٞب
 ػذد عْ٘اد اىزذسٝظ  اىَشحيخ  اىَبدح 

2- 

0- 

3- 

  

 : حذد دسعخ اىَؼشفخ اىزٜ رَزينٖب فٜ اىزطجٞقبد اىجشاٍغٞخ اىزبىٞخ ٍإششاً اصاء اىذسعخ اىزٜ رشرئٖٞب  -:صبىضب

 ٍؼشفخ عٞذح ىَبدحا 
ٍؼشفخ 

 ٍز٘عطخ

اّؼذاً 

 اىَؼشفخ

ارا مْذ لا رَزيل اٛ ٍؼشفخ ثٖزٓ اىَبدح ٕو 
 ىذٝل سغجخ فٜ رؼيَٖب

 ملا ّؼٌ

      (Windows)اىزؼبٍو ٍغ أّظَخ رشغٞو اىحبعجخ  2

      (Software)اىزؼبٍو ٍغ ثشاٍغٞبد اىحبعجخ ثشنو ػبً  0

      (Hard ware)اىزؼبٍو ٍغ اىـ 3

0 
: اىزؼبٍللو ٍللغ الاعٖللضح اىزبثؼللخ ٗاىزللٜ رؼزجللش ادٗاد عللبّذح فللٜ اىزؼيللٌٞ اىشقَللٜ ٍضللو 

Data show- Scanner – Printers & Plotters 
     

      (AutoCAD)رشغٞو ثشّبٍظ  5

      (D studio MAX 3)رشغٞو ثشّبٍظ  2

      (Microsoft Office)رشغٞو ثشّبٍظ  7

      (D home 3)رشغٞو ثشّبٍظ  8

       (Archi cad)رشغٞو ثشّبٍظ 9

       (D VIZ 3)رشغٞو ثشّبٍظ 22

       (PhotoShop)رشغٞو ثشّبٍظ  22

      (Maya)رشغٞو ثشّبٍظ 20

      :رزمش –ثشاٍظ أخشٙ 23

 (عبثزٖباىفقشاد ٍَنِ اُ رزغبٕو ا ارا ٗعذد اٛ اشنبه أٗ غَ٘ع فٜ ثؼغ): الاعئيخ الاعزجٞبّٞخ  -:ساثؼب
 ٍِٗ اعزخذاٍٖب فٜ اىزؼيٌٞ اىَؼَبسٛ ػيٚ ٗعٔ اىخظ٘ص ؟ , ٍبٕ٘ ٍ٘قفل ٍِ رقْٞخ اىزؼيٌٞ اىشقَٜ ثشنو ػبً : 2ط

                  ٍؼبسع           ٍـإٝذ 
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 . ...........................................................................................................................اخشٙ رزمش 

ئرا مبُ ىذٝل ٍقزشػ فلٜ رىلل ٝشعلٚ اُ .. اىَغبه ٍبٕٜ ٗعٖخ ّظشك فٜ اٍنبّٞخ رطجٞق اعي٘ة اىزؼيٌٞ اىشقَٜ ػيٚ اىَبدح اىزٜ رقً٘ ثزذسٝغٖب فٜ اىقغٌ ٍٗبٕٜ أمضش اىجشاٍغٞبد ػلاقخ ثٖزا :  0ط

 ٍشن٘ساً .. رشفقٔ ؽٞبً ٍغ ٕزٓ اىقبئَخ الاعزجٞبّٞخ 

                           ٍؼبسع           ٍـإٝذ 

 ... ..............................................................................................................................اخشٙ رزمش 

 . ٌَٞ اىَؼَبسٛ ؟ ٍٗب ٕ٘ ٍقزشحل فٜ رأصٞش اىحبعجخ ػيٚ اىؼَيٞخ اىزقَٞٞٞخ ٍب ٕٜ ٗعٖخ ّظشك فٜ اٍنبّٞخ ر٘ظٞف اىحبع٘ة فٜ رذسٝظ ٍبدح اىزظ:  3ط

                           ٍؼبسع           ٍـإٝذ 

 ...... .............................................................................................................................اخشٙ رزمش 

 . حذد رىل ٍِ خلاه اىغذٗه اىزبىٜ .. أٛ اىغ٘اّت رؼزقذٕب الأمضش رجذلاً ثزغٞٞش ّظبً اىزؼيٌٞ ٍِ اىزقيٞذٛ اىٚ اىشقَٜ ٗأٛ اىفقشاد رؼزقذٕب اٝغبثٞخ اٗ عيجٞخ :  0ط

 

 

 

 ٍفشداد اىَقبسّخ ثِٞ اىزؼيٌٞ اىزقيٞذٛ ٗاىشقَٜ 
 رقٌٞٞ اىزغٞش دسعخ اىزغٞش

 عيجٜ اٝغبثٜ قيٞيخ ٍز٘عطخ مجٞشح

      رؼيٌٞ اىزظٌَٞ اىَؼَبسٛ 2

      الإٔذاف اىزؼيَٞٞخ 0

      أعي٘ة اىزذسٝظ 3

      اىزفبػو ثِٞ اىطبىت ٗالاعزبر 0

      ٍ٘قف اىطبىت 5

      ٍ٘قف الاعزبر 2

 ٕو رؼزقذ ثبّٔ ٝغت أُ ّجذأ ٍِ ٗعٖخ ّظش اىؼَبسح ّْٗظش ئىٚ ٍب ْٝبعجْب فٜ اىحبع٘ة ؟ :  5ط

  أخشٙ رزمش ملا  ّؼٌ 

 ؟ ( أٛ ٝذخو فٜ طٌَٞ اىزفنٞش اىزْٕٜ اىَؼَبسٛ )ٕو رؼزقذ اُ اىحبع٘ة ٝغزخذً فٜ ر٘ىٞذ الافنبس ٗٝؼذ مبداح ىيؼظف اىزْٕٜ :  2ط

  أخشٙ رزمش ملا  ّؼٌ 

 (Photo Shop)ٗاىلـ  (d studio max 3)ٗ اىلـ  (AutoCAD)ٍغٞلبد اىشعلٌ ٍضلو اىلـ ٕو رؼزقذ اُ اىحبعل٘ة ٝؼزجلش م٘علٞيخ ٍغلشدح رغلزخذً ىلاظٖلبس اىَؼَلبسٛ ٍلِ خللاه اعلزخذاً ثشا: 7ط

 شبّٖب شبُ ثبقٜ ادٗاد الاظٖبس اىَؼَبسٛ ؟.. ٗغٞشٕب 

  أخشٙ رزمش ملا  ّؼٌ 

 طف اىؼَبسح ؟ ٕو رؼزقذ اُ اىحبع٘ة ٝحذس رغٞٞش أعبعٜ فٜ ؽشٝقخ رذسٝظ اىؼَبسح أً أّ ٝز٘قغ أُ ٝغٞش اىحبع٘ة ؽشٝقخ اعزٞؼبة ٗٗ:  8ط

  أخشٙ رزمش ملا  ّؼٌ 

 . ٕو رؼزقذ اُ ىيحبع٘ة إَٔٞخ مجٞشح فٜ ٍشاعؼخ اىزظبٌٍٞ داخو اىَشاعٌ :  9ط

  أخشٙ رزمش ملا  ّؼٌ 

ب اىطيجخ لأٌّٖ ٝغزطٞؼُ٘ سؤٝخ اىَجْٚ ٗثزىل ٝزخلز اىزقٞلٌٞ ٍغلبس ٍِ فٌٖ ّ٘اٝ (Staff)فٖو رؼزقذ اُ اىغجت ٕ٘ لاُ ٕزٓ اىزقْٞخ رَنِ ىغْخ اىزحنٌٞ ( ّؼٌ)ارا مبّذ اعبثزل ػيٚ اىغإاه اىغبثق : 22ط

 .ٍَبصو ىيَْٖخ 

  أخشٙ رزمش ملا  ّؼٌ 

 ٕو رؼزقذ اُ اىحبع٘ة ع٘ف َٝنِ ؽيجخ اىؼَبسح ٍِ رظٌَٞ اىْظٌ ٗاىَجبّٜ فٜ ّفظ اى٘قذ ٗرظٌَٞ اىَجبّٜ ٍِ سؤٝخ شبٍيخ ؟ : 22ط 

  أخشٙ رزمش ملا  ّؼٌ 

 . اُ اىحبع٘ة َٝنِ اىطيجخ ٍِ اخزجبس أفنبسٌٕ ثغشػخ ٗاُ ع٘دح رظبٌٍَٖٞ عزشرفغ أىٚ ػذح اػؼبف ٗاقؼٖب رحذ ظو اىَْٖظ اىزقيٞذٛ  ٕو رؼزقذ:  20ط

  أخشٙ رزمش ملا  ّؼٌ 

 . اىخ .. .سعً٘ مٍ٘جٞ٘رش , ٗعنٞزشبد , ٍِ سعً٘ حشح ( أٛ ٝغزخذً ٗعبئؾ ٍَزضعخ)ٕو رفؼو أُ ٝنُ٘ الاعي٘ة اىزؼيَٜٞ ٍَزضط :  23ط 

  أخشٙ رزمش ملا  ّؼٌ 

 ٕو رؼزجش دساٝخ اىطبىت اىفبئقخ فٜ ٍغبه رقْٞبد اىحبع٘ة ػبٍلا اعبعٞبً فٜ قج٘ىٔ فٜ الاقغبً اىَؼَبسٝخ فٜ ٍْٝ٘ب ٕزا ؟ :  20ط 

  أخشٙ رزمش ملا  ّؼٌ 

 ىَؼَبسٛ ؟ ٕو ٝزطيت اىؼَو ثزقْٞخ اىزؼيٌٞ اىشقَٜ رغٞٞشاً عزسٝبً فٜ ٍْبٕظ اىزؼيٌٞ ا:  25ط

  أخشٙ رزمش ملا  ّؼٌ 

ٍٗلِ صلٌ ٝلزٌ ر٘ظٞلف ثلبقٜ اىَل٘اد اىذساعلٞخ .. ٕو ٝفؼو اُ ٝنُ٘ اىزغٞش فٜ ٍْبٕظ اىزؼيٌٞ اىَؼَبسٛ ػْذ اعزخذاً رقْٞبد اىزؼيلٌٞ اىشقَلٜ ثشلنو رلذسٝغٜ ٍزؼلَْبً ثؼلغ اىَل٘اد الأعبعلٞخ :  22ط 
 رذسٝغٞبً ػَِ اىخطخ اىَْٖغٞخ اىَؼذىخ ؟

  أخشٙ رزمش ملا  ّؼٌ 

ثؼذ رخظلٞض )خ اىَ٘اد ثبعزخذاً اىحبع٘ة ى٘ رٌ اقزشاػ رطجٞق ٕزا اىْظبً اىشقَٜ ػيٚ ػْٞخ ٍْزخجخ ٍِ خشٝغٜ اىَشحيخ اىضبّٞخ ثؼذ اعشاء اخزجبس ىٌٖ ىٞزٌ رشنٞو طف خبص ٝذسط مبف:  27ط 
ؽلاة  فٖو رؼزقذ اّٖب رغشثخ اٝغبثٞلخ ( 22)ش مبفخ اىزقْٞبد اىلاصٍخ ىزىل ٗاُ لا ٝزغبٗص ػذد اىطيجخ اىَْزخجِٞ ػِ ثؼذ ر٘فٞ( ٍْٖظ خبص ثٖزا اىْ٘ع ٍِ اىزؼيٌٞ ٝزَبشٚ ٍغ اىَفشداد اىخبطخ ثبىقغٌ

 أً عيجٞخ ؟ 

  أخشٙ رزمش عيجٞخ اٝغبثٞخ


