
Journal of Engineering Volume 16 march 2010      Number1  
 

 

 4462 

 

 

 

 

 

 

RELIABILITY-BASED DESIGN PROCEDURE OF AXIALLY 

LOADED PILES 
 

Dr. Mohammed Yousif Fattah 

Assistant Professor, Department of Building and Construction Eng., University of Technology. 

 

 

ABSTRACT: 

Geotechnical engineering involves many different and complex materials and many different 

mechanisms of behaviour. The direct use of experience as a guide to the prediction and design is 

effective, provided these are understood. Geotechnical engineering is a relatively new science. Its 

successful application to prediction requires realistic assumptions to be made, and predictions 

must be tested against reality. Methods of prediction need then to be refined. An example of the 

importance of making realistic assumptions is examined in this paper. It includes the effects of 

soil properties on the ultimate capacity of axially loaded piles. 

Better analysis offers better prediction and better understanding. Both are only possible 

when reality is modelled. There are occasions when mechanisms are too complex for predictive 

analysis. Prediction must then be based directly on experience, applied with an understanding of 

the mechanisms involved. Moreover, methods of analysis may become too sophisticated for 

everyday use. However, pseudo-analysis, involving standardized methods based on 

oversimplified and unrealistic mechanisms of behaviour and material properties, is dangerous. 

The use of engineering experience as a guide to prediction and design may offer a more effective 

alternative, provided it is based on a realistic understanding of mechanisms and materials. 

 In this paper, a procedure is recommended to estimate the bearing capacity of axially 

loaded piles based on reliability calculations. The procedure is an extension of the point estimate 

method in which the expected values of the standard deviation of the capacity and demand 

functions are calculated. The probability of failure, the reliability, central factor of safety and 

reliability index are calculated as appropriate. The procedure is then applied to two cases where 

the pile in the first case is driven in sand while in the second, it is driven in clay. 

  

 

 مبدأ الاعتمادطريقة تصميم للركائز المحملة محوريا مبنية على أساس 
 

 :الخلاصة

لمباشر ٌعتبر الاستعمال ا. تتطلب الهندسة الجٌوتقنٌة العدٌد من المواد المعقدة و العدٌد من آلٌات السلوك
تعتبر الهندسة الجٌوتقنٌة علما حدٌثا . للخبرة كدلٌل فً التخمٌن و التصمٌم فعالا عند إدراك هذه المتطلبات
و هذه التخمٌنات ٌجب أن تختبر من , نسبٌا و ٌتطلب تطبٌقها بنجاح فً التخمٌن و صنع فرضٌات مقبولة
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فً هذا البحث أختبر مثال على . إلى تهذٌبو علٌه فان طرق التخمٌن فً حاجة . ناحٌة قبولها و اعتمادها
و هذا ٌتضمن تأثٌر خواص التربة على قابلٌة التحمل القصوى للركائز . أهمٌة وضع فرضٌات معقولة

 .المحملة محورٌا
و كلاهما ٌصبحان ممكنٌن عند التمثٌل بشكل , التحلٌل الجٌد ٌوفر تخمٌنا جٌدا و فهما جٌدا إن 

و عندها ٌجب أن ٌستند التخمٌن , دها الآلٌات معقدة لوضع تحلٌل تخمٌنًهناك حالات تصبح عن .معقول
فضلا عن ذلك قد تصبح طرق التحلٌل معقدة بالشكل , مباشرة على الخبرة مقترنا مع فهم الآلٌات المطلوبة

التحلٌل الساكن الذي ٌتطلب طرقا قٌاسٌة  إن, و على كل حال .الذي ٌجعلها صعبة الاستعمال بشكل ٌومً
ان استعمال . غٌر معقولة و مبسطة بشكل مفرط لتصرف المواد و خواصها ٌعتبر خطرا آلٌاتنٌة على مب

و  للآلٌاتالخبرة الهندسٌة كدلٌل للتخمٌن و التصمٌم قد ٌوفر بدٌلا فعالا عندما ٌكون مستندا إلى فهم معقول 
 .للمواد

لة محورٌا بناءا على حسابات مبدأ فً هذا البحث أقترح أسلوب لتخمٌن قابلٌة تحمل الركائز المحم 
هذا الأسلوب ٌعتبر امتدادا لطرٌقة تخمٌن النقطة التً من خلالها تحسب القٌم  إن. الاعتماد و المعقول

و تحسب احتمالٌة الفشل و الاعتماد و معامل . المتوقعة للانحراف المعٌاري لقابلٌة التحمل و دوال الحاجة
ثم طبق الأسلوب على حالتٌن حٌث فً الأولى . و المعقول حسب الحاجةالأمان المركزي و مؤشر الاعتماد 

 .الركٌزة مساقة فً رمل و فً الثانٌة الركٌزة مساقة فً طٌن
 

 

INTRODUCTION 

The trend in civil engineering today, more than ever before, is toward providing economical 

designs at specified levels of safety. Often these objectives necessitate a prediction of the 

performance of a system for which there exists little or no previous experience. Current design 

procedures, which are generally learned only after many trial-and-error iterations, lacking 

precedence, often fall short of expectations in new or non conventional situations. In addition, 

there is an increasing awareness that the raw data, on which problem solutions are based, 

themselves exhibit significant variability. It is the aim of reliability methods of design to 

demonstrate how concepts of probability analysis may be used to supplement the geotechnical 

engineer’s judgment in such matters. 

        Quite often, deterministic approaches are employed in the analysis and design of engineering 

structures. These approaches are characterized by the use of specified minimum factors of safety 

or specified minimum material properties. Deterministic approaches do not rigorously account for 

uncertainties in engineering analysis and design. In order to address uncertainty, probability 

theory has been widely accepted and used in engineering design in which some statistical 

knowledge of random variables such as their mean values and standard deviations is used to 

introduce them into applications (Kaymaz et al., 1998). Probabilistic methods, especially, 

reliability analysis, have frequently been used in structural engineering (e.g. Grigoriu, 1983; 

Afolayan, 1998) as well as in geotechnical and geoenvironmental engineering (e.g. Christian et 

al., 1994; Rowe and Fraser, 1995; Gui et al., 2000). Reliability calculations provide a means of 

evaluating the combined effects of uncertainties, and a means of distinguishing between 

conditions where uncertainties are particularly high or low (Duncan, 2000). Moreover, reliability 

analysis provides a framework for establishing appropriate factors of safety and other design 

targets and leads to a better appreciation of the relative importance of uncertainties in different 

parameters (Christian and Baecher, 2001). 
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The interaction between theory and practice is complex. To predict real behaviour, 

realistic assumptions for material properties must be made, based on the geological origins of 

materials, on their intrinsic nature and on their behaviour observed in the laboratory and in the 

field. Realistic assumptions for boundary conditions must also be made. Theory must be 

examined regularly to see whether or not it meets these requirements, and it must be refined when 

it does not. Terzaghi ,Peck and Mesri (1996) recognized the need to link theory and practice, and 

to test one against the other, nearly 60 years ago. Theory is much more coherent now. Perhaps old 

habits should be recovered. Often, if problems are understood, simple methods of analysis will 

provide adequate solutions. 

The primary value of realistic analysis is to aid understanding of problems. If they are 

understood they can usually be solved. Understanding provides a framework within which 

uncertainties which cannot be avoided can be defined and managed. The ability to make exact 

deterministic theoretical predictions, even by the most advanced methods, is uncertain. There are 

many areas where analysis may help to explain a problem, but not solve it in a predictive way. 

Then the direct use of field experience is necessary, and this is proper and safe provided the 

mechanisms governing behaviour are understood. Recognition of when this approach is 

appropriate needs to be improved. A theoretical framework provides the language with which 

experience can be digested, learned from and made generally available, but reality must be 

incorporated if success is to be achieved. Such an approach often makes things more complicated 

than they need be, and so introduces the risk of unnecessary errors. Doubtless these can be 

eliminated by quality assurance, but quality assurance applied to unrealistic and therefore 

irrelevant calculations merely eliminates the possibility of being right by accident. 

There is an alternative: practical guidance carefully linked to both geology and type of 

construction, with warnings as to where uncertainties lie. This offers a much more effective 

approach to everyday problems. Probably the most important question facing the profession, and 

the one of greatest economic significance, is in what form should effective guidance in 

geotechnical engineering be given to non-specialist engineers? It controls how effectively the 

considerable expertise of geotechnical engineers is used, (Vaughan, 1994). 

 

Phoon (2004) presented an overview of the evolution in structural and geotechnical design 

practice over the past half a decade or so in relation to how uncertainties are dealt with. The key 

elements of reliability-based design (RBD) were briefly discussed and the availability of statistics 

to provide empirical support for the development of simplified RBD equations is highlighted. 

Several important implementation issues were presented with reference to an EPRI study for 

reliability-based design of transmission line structure foundations (Phoon et al., 1995). 

 

PROBABILISTIC PRELIMINARIES 

The probability of the success of a structure is called its reliability, R, Symbolizing the 

probability of failure as p(f), we have the important expression: 

     

   R + p(f) = 1                                              (1) 
 

Moments  

Consider a system of discrete parallel (vertical) forces, P(1), P(2), …, P(N), acting on a rigid  

beam at the respective distances x(1), x(2), …, x(N), as in Fig. 1(a). From statics, we have that 

the magnitude of the equilibrant, M, is: 



M.Y. Fattah                                                                                                 Reliability-Based Design Procedure 

                                                                                                  Of Axially Loaded Piles 

 

 4465 

 

                  



N

i

iPM
1

)(                                             (2)  

and its point of application, x , is 

        








N

i

N

i

iP

iPix

x

1

1

)(

)().(

                                                (3a) 

Suppose now that the discrete forces P(i) in Fig. (1a) represent the frequencies of the occurrence 

of the N outcomes x(1), x(2), …, x(N ). As the distribution is exhaustive, the magnitude of the 

equilibrant must be unity, M = 1. Hence, Eq. (3b) becomes: 
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      The expected value (mean) provides the locus of the central tendency of the distribution of a 

random variable. To characterize other attributes of the distribution, recourse is had to higher 

moments. Again, returning to statics, a measure of the dispersion of the distribution of the force 

system about the centroidal axis, at x = E[x] in Fig.1(b), is given by the moment of inertia (the 

second central moment), 
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The equivalent measure of the scatter (variability) of the distribution of a random variable is 

called its variance, denoted as v[x] and defined as: 
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In terms of the expectation, these can be written as: 

 

      2
)( xxExv                                                                                                    (6) 

 

which, after expansion, leads to a form more amenable to computations: 

 

              22
)( xExExv                                                                                          (7) 

 

 

This expression is the equivalent of the parallel-axis theorem for the moment of inertia. 
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As an example, let us find the expected value and the variance of the exponential distribution: 

 

p(x) = a.exp(-a x),   x > 0    a is a constant. 

 

 

 

 
 

Figure (1): Equilibrant for discrete and continuous distributions, (Harr, 2002). 

 

 

 

It is first required to show that p(x) is a valid probability distribution: 
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The expected value is: 
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Continuing, 
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whence, using Eq. (7), 

     
2

2

2

112

aaa
xv 








  

It is seen that the variance has the units of the square of those of the random variable. A more 

meaningful measure of dispersion of a random variable (x) is the positive square root of its 

variance (compare with radius of gyration of mechanics) called the standard deviation, [x], 
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           xvx                                                                                                    (8) 

 

From the results of the previous example, it is seen that the standard deviation of the exponential 

distribution is [x] = 1/a. 

 An extremely useful relative measure of the scatter of a random variable (x) is its 

coefficient of variation V(x), usually expressed as a percentage: 
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It should be emphasized that a straight line fit can be assumed. The reasonableness of this 

assumption is provided by the correlation coefficient, defined as: 
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where  [x], and  [y] are the respective standard deviations and cov[x, y] is their covariance 

which is defined as: 
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With analogy to statics, the covariance corresponds to the product of inertia, (Harr, 2002). 

 

Point Estimate Method — Several Random Variables 
Rosenblueth (1975) generalized the methodology for any number of correlated variables. For 

example, for a function of three random variables say, y = y[x (1), x (2), x (3)], where (i,  j) is the 

correlation coefficient between variables x(i) and x( j), 
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where [xi] is the standard deviation of x (i). 

The sign of (i,  j) is determined by the multiplication rule of i and j; that is, if the sign of 

i = (–), and of j = (+), then (i)( j) = (–)(+) = (–). 

 

Equation (12a) has 2
3
 = 8 terms, all permutations of the three + s and – s. In general, for 

M variables there are 2
M

 terms and M(M – 1)/2 correlation coefficients, the number of 

combinations of M objects taken two at a time. The coefficient on the right-hand side of Eqs. 

(12c), in general, is (1/2)
M

, (Harr, 2002). 

 

RELIABILITY ANALYSIS 

Capacity–Demand  

The adequacy of a proposed design in geotechnical engineering is generally determined by 

comparing the estimated resistance of the system to that of the imposed loading. The resistance is 

the capacity C (or strength) and the loading is the induced demand D imposed on the structure. 

In the present procedure, because of its greater generality, we shall use a capacity– demand 

concept. Some common examples are the bearing capacity of a soil and the column loads, 

allowable and computed maximum stresses, traffic capacity and anticipated traffic flow on a 

highway, culvert sizes and the quantity of water to be accommodated, and structural capacity and 

earthquake loads.  

Conventionally, the designer forms the well-known factor of safety as the ratio of the 

single-valued nominal values of capacity C and demand D (Ellingwood et al., 1980), depicted in 

Fig. 2(a), 

                  
D

C
FS                                                                               (13) 

 

For example, if the allowable load is 400 tons per square meter and the maximum 

calculated load is 250 tons per square meter, the conventional factor of safety would be 1.6. The 

design is considered satisfactory if the calculated factor of safety is greater than a prescribed 

minimum value learned from experience with such designs. Thus, in concept, in the above 

example, if a factor of safety of 1.6 was considered intolerable, the system would be redesigned 

to decrease the maximum induced load. 

In general, the demand function will be the resultant of the many uncertain components of 

the system under consideration (vehicle loadings, wind loadings, earthquake accelerations, 

location of the water table, temperatures, quantities of flow, runoff, and stress history, to name 

only a few). Similarly, the capacity function will depend on the variability of material parameters, 

testing errors, construction procedures and inspection supervision, ambient conditions, and so on. 

A schematic representation of the capacity and demand functions as probability 

distributions is shown in Fig. 2(b). If the maximum demand (Dmax) exceeds the minimum 

capacity (Cmin), the distributions overlap (shown shaded), and there is a nonzero probability of 

failure. 

The difference between the capacity and demand functions is called the safety margin (S); that is, 
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            S = C – D                                                                          (14) 

 

Obviously, the safety margin is itself a random variable, as shown in Fig. 2(c). Failure is 

associated with that portion of its probability distribution wherein it becomes negative (shown 

shaded); that is, that portion wherein S = C – D ≤0. As the shaded area is the probability of failure 

p(f ), we have: 

  

              00)()(  SPDCPfp                             (15) 

 

 

Reliability Index 

The number of standard deviations that the mean value of the safety margin is beyond S = 0, Fig. 

2(c), is called the reliability index, ; that is, 
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The reliability index is seen to be the reciprocal of the coefficient of variation of the safety 

margin, or 
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Application to their definitions, produces the following identities (a, b, and c are constants), 

(Ditlevesen, 1981): 
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From Eq. (17a), we have: 
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 Equation (17c) produces: 

 

       DCDCS  ..
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Hence, 

D-CE[D]-E[C]E[S] 
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It is seen that  is a maximum for a perfect positive correlation and a minimum for a 

perfect negative correlation. It can be shown that the sum of difference of two normal variates is 

also a normal variate (Haugen, 1968). Hence, if it is assumed that the capacity and demand 

functions are normal variates, it follows that: 

             
2

1
)( fp                                                                        (20) 

where [] is standard normal probability as given in standard normal probability tables. 

 
 

 

Figure (2): (a) Conventional factor of safety, (b) capacity–demand model, (c) safety margin, 

(Harr, 2002). 

 

RECOMMENDED PROCEDURE 

The following points represent the desirable attributes of a reliability-based design procedure 

(Harr, 2002): 

 It should account for the pertinent capacity and demand factors, their components, and 

their interactions.  

 It should produce outputs that can be related to the expected performance during the 

design life 

 of the system under consideration. 
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 It should employ as input into formulations quantities, parameters, or material 

characterizations that can be ascertained within the present state of the art. 

 It should not disregard indices currently considered to be pertinent, such as factor of 

safety or   reliability index. It should serve to supplement this knowledge and reduce 

uncertainty. 

 Ideally, mathematical computations should be reduced to a minimum. 

 

All of the above can be accommodated by an extension of the point estimate method. The 

recommended procedure is as follows, where it is here applicable to the problem of bearing 

capacity of axially loaded piles: 

 Using the point estimate method, or an equally valid probabilistic formulation, the 

expected values and standard deviations of the capacity and demand functions: E [C], E 

[D],  [C],        [D] are obtained. 

 Calculating the expected value and standard deviation of the safety margin, E [S],  [S]. 

 Fitting a beta distribution (and normal distribution, as a check) to the safety margin, using 

appropriate upper and lower bounds. If unknown, take them as E [S] ± 3 [S]. 

 Obtaining the probability of failure, p ( f ) = P [S  0], the reliability, central factor of 

safety, and reliability index, as appropriate. 

 

Application to Axially Loaded Piles 

I. Piles in Sand 

The ultimate bearing capacity Q of a pile in a dry sand (cohesion, c = 0) is given by the following 

equation (Tomlinson, 1993): 

    

         sb QQQ   

where: Qb = base resistance. 

             Qs = shaft resistance 

          

         NqAQ vbbb ..   

 

         '
.).tan(. vs AsKsQ   

          

where:     Ab =  area of the pile base, 

               As = the surface area of the pile,  

               v’ = effective overburden pressure along the pile, 

              vb   = effective overburden pressure at the pile base, 

               Ks = a factor depending on the pile type and the relative density of the soil, 

                = the coefficient of friction between the pile and the soil (= 3/4 for concrete piles),      

              Nq = bearing capacity factor.                    
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Example: If a 12 m length concrete pile having a square cross-section (0.285 x 0.285 m) is to be 

driven in a sandy soil with the following parameters: 

 

 

 Parameter, 

x 

Expected Value Standard Deviation x (+) x (-) 

Unit weight, 

(kN/m
3
) 

18 2 20 16 

Angle of friction, 

(
o
) 

35 5 40 30 

Cohesion, c 

(kN/m
2
) 

0 - - - 

 

The correlation coefficient (, c) = -0.5: 

a. Estimate the expected value and the standard deviation of the bearing capacity. 

b. If a central factor of safety (CFS) of 4 is required, and it is assumed that the coefficient of 

variation V(D) = 50%, estimate the probability of failure. 

 

Solution: 

(a) Forming the required values of Nq as the bearing capacity factors are functions of only 

(Terzaghi, Peck and Mesri, 1996):. 

 
Nq (+) = 64.20           and              Nq (-) = 18.40 

Since c = 0, the bearing capacity Q becomes Q(



The respective values of Q(c, ) are calculated in (kN): 

Q (i, j) (kN) Q
2
 (i, j) 

Q (+ +) = 2087.94 4359493.44 

Q () = 964.30 929874.49 

Q () = 1670.36 2790102.53 

Q () = 771.44 595119.67 

and  
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         p (+ +) = p (
8

1
)1(

2

1
2

    

         p (+ ) = p (
8

3
)1(

2

1
2

    

From equation (3b): 

              )()( ijpijQQQE        = 1345.42 kN 

 

            )()(
22

ijpijQQE             = 2014318.02 

 

and from equation (7), we have: 

 

               22
)( QEQEQV              = 204163.04 

 

and equation (8) gives: 

 

           04.204163)(  xVQ    = 451.84 

             

Equation (9) requires: 

       
 
 

100x
xE

x
QV


      100

42.1345

84.451
x     = 33.6% 

 

(b) For a CFS = 4: 

4

42.1345

4


Q
D     = 30.57 

As V (D) = 50% 

 

  )(*)( DVDED     = 30.5 * 0.5 = 15.28 

 

Forming the characteristics of the safety margin with  (Q, D) = 
4

3
  , we have: 

  DQSE      = 1345.42 – 30.57  = 1314.85 kN 

 

From equation (19), we have: 

)28.15)(84.451)(75.0(2)28.15()84.451(

85.1314

22 


49.40

85.1314
    = 2.98 

If S is to be taken as normal: 

From equation (20): 

)(
2

1
)( fp  

 

since : 
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then:   











2
exp.)2(

1

2

1
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      = 0.49 

The probability of failure )( fp = 0.01 

 

II. Piles in Clay 

The ultimate bearing capacity Q of a pile in a saturated clay ( = 0) is given by the following 

equation (Tomlinson, 1993): 

    

         sb QQQ   

where: Qb = base resistance. 

             Qs = shaft resistance 

         Since = 0, the bearing capacity factors, Nq = 1 and N

         bb ANcCuQ ..  

          

         CuLPQs ...  

where:     P =  perimeter of the pile, 

               L = length of the pile,  

               Cu = undrained cohesion, 

              Nc = bearing capacity factor, 

               = a factor depending on the undrained shear strength of the pile.      

 

Example: If the same concrete pile of the previous example is to be driven in saturated clay 

having the following parameters: 

 

Parameter, x Expected Value Standard Deviation x (+) x (-) 

Unit weight, 

(kN/m
3
) 

20 2 22 18 

Angle of friction, 

(
o
) 

0 - - - 

Cohesion, c 

(kN/m
2
) 

60 20 80 40 

 

The correlation coefficient (, c) = -0.5: 

c. Estimate the expected value and the standard deviation of the bearing capacity. 

d. If a central factor of safety (CFS) of 4 is required, and it is assumed that the coefficient of 

variation (VD) = 50%, estimate the probability of failure. 
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Solution: 

(a) The required values of the bearing capacity factor Nc are constant since ( 

 

    is calculated following Tomlinson method. 

    Since 0, the bearing capacity Q becomes Q(c, 



The respective values of Q(c, ) are calculated in (kN): 

Q (i, j) (kN) Q
2
 (i, j) 

Q (+ +) = 631.43 376296.36 

Q () = 454.76 206806.65 

Q () = 613.43 376296.36 

Q () = 454.76 206806.65 

and  

         p (+ +) = p (
8

1
)1(

2

1
2

    

         p (+ ) = p (
8

3
)1(

2

1
2

    

From equation (3b): 

              )()( ijPijQQQE        = 379.06 kN 

 

            )()(
22

ijPijQQE             = 291551.50 

 

and from equation (7), we have:  

 

               22
)( QEQEQV              = 147865.0 

 

and equation (8) gives: 

 

           0.147865)(  xVQ    = 384.53 

             

Equation (9) requires: 

       
 
 

100x
xE

x
QV


      100

06.379

53.384
x     = 101.44% 

 

(b) For a CFS = 4: 

4

06.379

4


Q
D     = 94.76 

As V (D) = 50% 

 

  )(*)( DVDED     = 94.76 * 0.5 = 47.38 

 



Journal of Engineering Volume 16 march 2010      Number1  
 

 

 4476 

Forming the characteristics of the safety margin with  (Q, D) = 
4

3
  , we have: 

  DQSE      = 1379.06 – 94.76  = 284.3 kN 

 

From equation (19), we have: 

)38.47)(53.384)(75.0(2)38.47()53.384(

3.284

22 


39.250

3.284
    = 1.13 

If S is to be taken as normal: 

 

From probability tables, )(  = 0.370762

From equation (20): 

)(
2

1
)( fp  

The probability of failure )( fp = 0.129 

 

CONCLUSIONS 

A procedure is recommended to estimate the bearing capacity of axially loaded piles based on 

reliability calculations. The procedure is an extension of the point estimate method in which the 

expected values of the standard deviation of the capacity and demand functions are calculated. 

The probability of failure, the reliability, central factor of safety and reliability index are 

calculated as appropriate. The procedure is then applied to two cases where the pile in the first 

case is driven in sand while in the second, it is driven in clay.  

It was found that the proposed procedure is simple and can be extended to other 

applications in geotechnical engineering. 
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ABSTRACT  

This paper describes an experimental study on the performance of sulfamic 

acid and citric acid in scale removal of Dura refinery heat exchange piping systems. 

Experiments were carried out using sulfamic acid and citric acid inhibited by 

hexamine as cleaning solutions at different time, temperature and concentrations. A 

dynamic flow system was designed for this state. A scaled copper alloy pipes from the 

main hot water lines (heat exchanger) was used. Hexamine was used as corrosion 

inhibitor.The research involved a study of  effect of the time ,temperature and acid 

concentration of each acid on the scale removal, and a comparison of the performance 

of the two used acids were investigated. 

 

 

يك في ازالة التكلسات المترسبة على انابيب اجهزة المبادلات رستئية حامضي السلفامك والااددراسة 

 الحرارية في مصفى الدورة

 

 الخلاصة

ركلساخ المرشسثح على في اصالح ال يهذف الثحث الى دساسح عمليح لادائيح حامضي السلفامك و السرشيك

اجشيد ذجاسب عمليح اسرخذم فيها حامضي السلفامك .فى الذوسج اواتية المثادلاخ الحشاسيح المسرخذمح في مص

والسرشيك المثثطح تمادج الهكساميه كمىاد كيمياويح مضيلح للركلساخ عىذ اصمان مخرلفح ودسجاخ حشاسج 

.وذشاكيض مرعذدجمخرلفح  

أخىرج مه اجهضج المثادلاخ جشياويح لهزا الغشض اسرخذمد فيها قطع مه اواتية م صممد مىظىمح

ودسجح الحشاسج وذشكيض  لقذ ذضمه الثحث دساسح ذاثيش صمه المعالجح.لحشاسيح المسرخذمح في مصفى الذوسجا

اجشاء مقاسوح لادائيح كل مه الحامضيه المسرخذميه لاصالح ذكلساخ الاواتية المسرخذمح والحىامط المسرخذمح 

.المثادلاخ الحشاسيح في مصفى الذوسج في  
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INTRODUCTION 

Problems involved with use of water are caused by the dissolved constituents 

namely solids. Chemical reaction sometimes occur between some constituents 

dissolved in water produce insoluble compounds. These insoluble compounds 

deposited by the water are called scale. 

Scale deposition in the heat exchanger tubes is the most undesirable yet 

unavoidable problem.[1] 

Formation of scale on the interior surfaces of pipes,tubes,tanks,heat 

exchangers,and other vessels has been a source of trouble where such pipes  come in 

contact with aqueous liquid.The formation or deposition of scale markedly reduces 

the heat transfer through walls of such pipes and furthermore,the capacity of the pipes 

and the passage of fluids therthrough is restricted by the formation of such 

scale.Because of the scale formation on the inner surfaces of the pipes,particularly in 

the heat transfer appliances,pipes are subjected to excessive heat due to the loss in the 

heat transfer capacity.Furthermore,greater pressures are required to over come the 

restricting effect of the deposited scale.These disadvantages often lead to leaks and 

rupture which necessitate undesirable down time and maintenance cost.Still 

further,the reduced cross-section of pipes caused by the deposition of scale can cause 

increased pressure drop.[2] 

Cleaning can be done either mechanically or with the use of chemicals. 

Mechanical cleaning obviously takes a great deal of downtime and does not always 

get all the scale out.Chemical cleaning can get at scale buildup not always reachable 

in mechanical cleaning scale removal by acid cleaning is commonly employed in 

many types of plants.[3] 

For removal of Calcium Carbonate and/or Magnesium hydroxide scales, 

Circulation of an inhibited acid solution (HCl, H2SO, C6H8O7(citric acid) or 

HSO3NH2) through the scaled system was found to be appropriate. 

Adding an inhibitor to the acids is essentially to diminish its corrosive effect on 

metals. [4] 

Explanation of the scale inhibitor action is that the inhibiting compounds serve 

to blanket the entire metal surface with a protective layer of  compound used.This 

occurs as simple adsorption of the inhibitor ion on the metal surface.[5] 

The modes of adsorption of an inhibitor are dependent on chemical structure 

of the molecule, chemical composition of the solution, nature of the metal surface and 

the electrochemical potential at the metal solution interface.[6] 

Hexamine as corrosion inhibitor has been effectively used with the  solutions 

for acid cleaning.[5]  

The present investigation of the problem of scale removal is being studied 

mainly on tubes of heat exchanger obtained from Dura Refinery using sulfamic acid 

and citric acid as cleaning solutions. 

A special flow system has been designed where parts of these piping were 

being fixed in exposed to the treating solution.  

Percentage of scale removal was studied as a function of time and acid 

concentration.Furthermore, a comparison between sulfamic acid and citric acid 

performance in the scale removal process has been investigated in this study. 
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EXPERIMENTAL WORK : 

Materials  
All chemical cleaning bench-scale tests, metals (copper alloy) heat exchanger 

tubes from Dura refinery. 

The scaled tube specimens were prepared by cutting sections from the 

exchanger tubes. The tubing was of (20mm) outside diameter, 100mm long and 

(2mm) thickness having the chemical composition listed in table(1). 

The large thickness (2.5-5mm) scale used has a mixed type composition as 

shown in table (2). 

 

SOLUTIONS AND TEST APPARATUS:   

 

 

Citric acid       with    concentrations   of  

 

 

 

(3%, 6%, 9%) and sulfamic acid (HSO3NH2) at concentrations of  

(3%, 6%, 9%) were used. Hexamine with concentration of 0.1% was used as 

corrosion inhibitor. The dynamic system for descaling investigation was all made of 

Q.V.F. glass(Quick fitting). It consisted of 5 liter round bottom container with three 

necks, the container was connected from the bottom with tubing through which hot 

solution circulated. A controlled heating tapes were rapped around the insulated 

Q.V.F glass tubing for heating the circulating solution. 

The circulation of the chemical solution was effected using Q.V.F pump 

(0.25kw) and total flow rate was measured by a rotameter  ranged from (0-1000) 

liter/hr.The flowing liquid passed the scaled metal specimen, and returned to the 

round bottom container, as shown in figure (1). 

The temperature of the test solution ranged from 0-100
o
C and it was measured 

by means of thermometer. 

The amount of the scale deposits which has been removed at each run was calculated 

by weight difference of the scaled tube before and after the tests. 

 

PROCEDURE  

 

The scaled tube was inserted into Teflon section and the Teflon section was 

tightened carefully to prevent leakage of test fluid. 

The flow system contained (5) liter of circulating fluid. To obtain scale 

removal rate data, the pre-weighed test specimens were removed and weighted after 

the experiment. The tests were conducted at constant flow rate of 300l/hr. 

 

 

 

 

 

 

    CH2COOH 

HO – C – COOH 

      CH2COOH 
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Fig(1) Schematic digram of the experimental system 

 

RESULTS AND DISCUSSION: 

The present work including the effects of temperature, time and concentration, 

on scale removal for a given turbulent flow rate. 

 

-EFFECT OF TEMPERATURE  

Rising temperature imparts kinetic energy to molecules causing them to move 

faster and collide more frequency and causing the rate of reaction in general to 

increase. 

Such an increase in temperature on a cleaning job should speed up chemical 

reaction, There by decreasing the cleaning time [7]. 

Temperature ranged from (25
o
C – 65

o
C) have been used for the process of 

scale removed.  

Figures (2), (3),and table(3) show the effect of temperature on the scale 

removal process for sulfamic acid and citric acid respectively it was clear that the 

higher the temperature the higher the percentage of scale removal when other 

conditions of the process (time, concentration) remained constant.This may be due to 

the effective penetration of above compounds at high temperature to internal structure 

of the scale.Also the reaction rate constant increases as the temperature increases,and 

has its maximum value at the highest temperature. 
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Fig.(2)-Sulfamic acid scale removal versus temperature at different concentration  
 

 

 

 

 

 

 

 

 

 

 

Fig.(3)-Citric acid scale removal%  versus temperature at different 

concentration 

- EFFECT OF TIME : 

The effect of time on scale removal is observed in figures (4), (5)  

for citric acid and sulfamic acid respectively at different concentrations and 

(temperature 45
o
C). 

It can be seen that the percentage of scale removal increases with reactions 

time at a constant concentration and temperature. 

The pattern of the curves is similar to those of Moor [8]. Above 4 hours of 

reaction time with all concentrations of sulfamic acid greater than 85% scale removal 

could be accomplished while at all concentrations of citric acid above 75% scale 

removal could be obtained after 4 hours at 45
o
C temperature and different 

concentrations. 
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Increasing the time cause the scale removal to increase, that is due to 

increasing the action of the fluid to break the bound between the scale particles as 

increasing the time of passing over it. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(4)-Sulfamic acid scale removal% versus time at different concentration 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(5)-Citric acid scale removal% versus time at different concentration 
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-EFFECT OF CONCENTRATION : 

Sulfamic acid and citric acid were tested in three concentrations of 3%, 6%, 

9%. Figures (6), (7) shows the effect of increasing the concentration of each acid with 

scale removal percentage. It was clear that increasing the acid concentration cause to 

increase the scale removal percentage at any time. 

It can be observed that more than 75 wt% of scale can be removal at 

concentration of 4 wt% of sulfamic acid and more than 70 wt% of scale can be 

removed with citric acid of concentration above 4 wt% at constant time and 

temperature. 

Increasing the scale removal with increasing acid concentration due to the 

increase in concentration gradient between the bulk and the solid solution interface 

consequently, the reaction rate of the scale with the acid will be increased.[9] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(6)-Sulfamic acid scale removal % versus concentration at different time 
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Fig.(7)-Citric acid scale removal % versus concentration at different time 

 

-COMPARISON OF THE TWO ACIDS USED : 

Figure (8) shows the performance of sulfamic acid and citric acid in the scale 

removal, it was clear that sulfamic acid appears to be the better scale removal than 

citric acid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(8)-Copmparison of scale removal % of sulfamic acid and citric acid versus 

time at 6%concentretion 
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CONCLUSION  

 

 The following conclusions could be obtained from the present    study : 

 Scale removal by means of inhibited sulfamic acid and citric acid increases as 

the temperature of the process increase and it was observed that above 80 wt% 

of the scale was removed when the temperature of the process was 45
o
C at 

time 4 hr and different concentration. 

 The amount of scale removal increases with increasing the reaction time, and 

above 75% of the scale removed at a time greater than 4 hours using any of the 

two acid solutions. 

 The amount of scale removal increases with increasing the acid concentration 

for each of the two acids used and it was found that above 70wt% of the scale 

was removed with acid concentration more than 4wt% of each acid. 

 Sulfamic acid was found to be the better solution than citric acid for Dura 

refinery heat exchanger piping scale removal. 

 

Table (1) Chemical Composition Of The Tube Used From Dura  

Refinery Heat Exchangers 

Comp. Copper Tin Lead 

Max. 

Iron 

Max. 

Zinc Arsenic 

Wt% 70-73 0.9-1.2 0.07 0.06 Balance 0.02-0.1 

 

Table (2) Complete analysis of scale Al-Dura refinery water  

deposit from heat exchanger tubes 

Element Analysis Wt% 

Iron (Fe2O3) 20.6 

Aluminum (Al2O3) 2.04 

Calcium Carbonate (CaCO3) 32.71 

Calcium (CaO) 14.1 

Magnesium (MgO) 3.25 

Sulfur (SO3) 2.2 

Potassium (K2O) 0.04 

Copper (CuO) 1.12 

Zinc (ZnO) 3.6 

I.R (Insoluble Residue) 9.11 

L.O.Z (Loss on Ignition) 11.23 
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Table(3) Effect of temperature on scale removal% using sulfamic and citric acids 

                                        at different concentrations 

 

Temperature 

(C
o
) 

Scale removal% Concentration 

Sulfamic acid Citric acid 

25 

 

65 

70 

78 

60 

65 

75 

3% 

6% 

9% 

45 82 

85 

92 

74 

78 

86 

3% 

6% 

9% 

65 91 

95 

100 

 

83 

90 

95 

3% 

6% 

9% 
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 الخلاصة 

 

نحًييرس انًترحمدييٍ انًمرٕنيٍ  ةنٓا طرر  خا ر خلال شبكة الاَحرَيثيٍ يٓا يحى اندخٕل عهيعظى انحطبيقات انحي 

ْذِ انطرر  غلهبٓرا جقهيديرّ جرحى عرٍ طريرا انًقانَرّ بريٍ انًعهٕيرات انًدخهرّ يرٍ  برم , باندخٕل نٓا عٍ انًحطفهيٍ

قرّ دديردِ يطهرا حطفهريٍ بسترحعًال طريًانحرر  يقرٕو بعًهيرّ ااح را  قانُظاو انً, ٔجهك انًمسَّٔ بانُظاوانًتحمدو 

نسيُيرّ تحر  عُرد برُف  انفحررِ ا غاح را  انًحطفهريٍطريقّ ان بكّ انضربابيّ انحكيفيرّ ٔانحري نٓرا انقردنِ عهر   عهيٓا

انًرتهّ الأن  جحضًٍ يرا بة دًير  انورٕادخ , انُظاو انًقحر  يحكٌٕ يٍ يرتهحيٍ. اد عدد يتحمديي انُظاويزدا

 ايررا انًرتهررّ انهاَيررّ  ححضررًٍ جوديررد الاخحرررا  ٔانررذ  يكررٌٕ بُررٕعيٍ,ٔانفعانبررات انحرري جورردخ بانُظرراو ٔجوهيهٓررا

ْٔرري انطريقررّ انًفحرتررّ  رري ْررذا  الاتررحعًال انطبيعرري ٔالاتررحعًال انمرراط ا باتررحعًال ان رربكّ انضرربابيّ انحكيفيررّ

.انبود نحًييس انًرٔن انطبيعي ٔانًرٔن لير انطبيعي  ي انُظاو  

 
ABSTRACT 

 

     Many Network applications used as remote login have some ways for detecting the 

intruders which are classical ways applied by comparison of operations between login 

user interface and system stored information. The proposed system tried to detect the 

intrusions happened by the network intruders using new technique called Adaptive 

Fuzzy Neural Network which have the ability to detect the intrusions at the same time 

even if the number of users is large. The proposed system consists of two stages, the 

first stage is for monitoring all events that happen and analyzing them, and the second 

stage is to detect intrusions. The detection operation combines anomaly intrusion 

detection and misuse intrusion detection using the Adaptive Fuzzy Neural Network 

system, which is a suggested method in our paper used to learn the normal network 

traffic and detect the abnormal traffic. 

 
INTRODUCTION 

     Intrusion detection is the process of monitoring the events occurring in a computer 

system or network and analyzing them for signs of intrusions, defined as attempts to 

compromise the confidentiality, integrity, availability. Intrusions are caused by 

attackers accessing the systems from the Internet, authorized users of the systems who 

attempt to gain additional privileges for which they are not authorized, and authorized 

users who misuse the privileges given to them. Intrusion Detection Systems (IDS) are 

software or hardware products that automate this monitoring and analysis process [1]. 
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     Intrusion detection is classified into two types: misuse intrusion detection and 

anomaly intrusion detection. Misuse intrusion detection uses well-defined patterns of 

the attack that exploit weaknesses in the system and application software to identify 

the intrusions. These patterns are encoded to match against the user behavior to detect 

intrusion. Anomaly intrusion detection uses the normal usage behavior patterns to 

identify the intrusion. The normal usage patterns are constructed from the statistical 

measures of the system features. The behavior of the user is observed and any 

deviation from the constructed normal behavior is detected as intrusion [2]. 

     Since the system is concerned with the development of an effective, simple Fuzzy 

logic system for modeling of ill-define dynamical system used. The system 

represented as a feed forward neural network. Supervised linear back propagation 

learning algorithm has been applied to model a system through identifying the Fuzzy 

parameters. The Fuzzy learning system with the training algorithm is called the 

Adaptive Fuzzy Neural Network (AFNN). [3]. 

     It is in this context that we present an overview of Intrusion Detection system that 

uses the content of Fuzzy Neural Network (FNN) for adopting the proposed IDs 

system. In the next section an overview of Fuzzy Neural Network is explained. After 

that the proposed system is described. Then the results from different experiments are 

presented. Finally conclusions are expressed. 

 

FUZZY NEURAL NETWORK: AN OVERVIEW  

 

     Unlike classical logical systems, Fuzzy logic aims at modeling the imprecise 

modes of reasoning that play an essential role in the remarkable human ability to 

make rational decisions in an environment of uncertainty. 

     Fuzzy logic allows variables to be partial members of a particular set and uses 

generalization of the conventional Boolean logical operators to manipulate this 

information. By allowing partial membership of a set, it is possible to represent the 

smooth transition from one rule to another as the input is varied smoothly, which is a 

very desirable property in modeling and control application [4]. 

     Our approach deploy in a different manner that uses the Fuzzy Neural Network. 

There are several reasons for using such method, which are: 

 

 Most papers used the classical Neural Network such as back propagation for 

IDS, so we want to adopt a new technique. 

 The normal approach will slow down as the number of users increases because 

we need to compare all the data base in order to reach the specified user. Our 

approach need no time as an average, so that all the information related to 

each user is propagated through the Fuzzy Network learning, i.e. we need to 

supply the input to this net in order to discover the confidentiality of the user. 

 The FNN has a significant property that is the ability to confident users even 

the input data is not complete, i.e. if we use part of the information as the input 

for Fuzzy Network. This net will still be able to recognize the confident user 

like supplying the data entering without operations and vice versa. 

 

- Fuzzy Set Basic Operations [5, 6, 7] 

 
     A Fuzzy set F in a universe of discourse U is characterized by a membership 

function  which takes values in the interval [0,1], namely:  

: U    [0,1]                
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     A Fuzzy set may be viewed as a generalization of the concept of an ordinary set 

whose membership function takes only two values {0,1}. 

     Let A and B be two Fuzzy sets in U with membership functions                       

and respectively. The set theoretic operations of union, intersection and 

complement for Fuzzy sets are defined via their membership functions as follows : 

 The membership function  of the union A  B is pointwise defined for 

all  u U by :                                                                                                                 

 
 

 The membership function  of intersection A  B is pointwise  defined for 

all u U by: 

 
 

 The membership function of the complement of a Fuzzy set is pointwise 

defined for all u  U by : 

 

 

Membership Function (MF) is the function which corresponds to a real number 

between 0 and 1 to any generic element of the Universe of Discourse. There are 

different shapes of membership functions like, Triangular, Trapezoidal, Gaussian, and 

Singleton. 

 Adaptive Fuzzy Systems Architecture 

     The fundamental configuration of a Fuzzy logic system consists of four basic 

blocks; the Fuzzy role base, the Fuzzy interface engine, the fuzzifier, and the 

defuzzifier, as shown in Figure (1). 

 

 

 

 

 

 

 

 

 
Figure (1) Basic Configuration of Fuzzy Logic Systems 

 
There are different types of fuzzifiers and defuzzifiers. Several combinations of the 

Fuzzy interface engine, fuzzifier, and defuzzifier may constitute useful Fuzzy logic 

system. If the Fuzzy logic system can be represented as a feed forward network, then 

the idea of back propagation training algorithm can be used to train them. 

 

 

 

Fuzzifier Fuzzy 

Interface 

 

Fuzzy Role 
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Defuzzifier 

Fuzzy set in U Fuzzy set in V 

x in U y in V 
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 Adaptive Fuzzy System Structure 

     The most useful class of fuzzifier is the center average [8, 4], of the form: 
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     Where M is the number of Fuzzy rules, yj is the center of Fuzzy set Fj, which is, a 

point in the universe of discourse V when Fj (y) achieves its maximum value, and Fj 

(y) is given by a product interface engine. Hence using product operator becomes: 
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     Where n is the number of input variables. 

 

     In order to develop training algorithms for this Fuzzy logic system, the functional 

form of Fi (xi) must be specified. The bell shaped membership function, based on the 

normal distribution of the grades of the membership [9, 10], was proposed, i.e. the 

membership function will be given by: 
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     Where mi and i are, respectively, the center and width of the bell-shaped function 

of the i
th

 input variable. By combining Equations (2, 3), the overall function of the 

Fuzzy logic system is: 
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     This equation represents a Fuzzy logic system with center average defuzzifier, 

product interface rule, non-singleton fuzzifier, and bell-shaped membership function. 

Equation(4) can be implemented on a Forward Neural Network. This connectionist 

model combines the approximate reasoning of Fuzzy logic into a five layer neural 

network structure [11], as in Figure (2). 

     Associated with each node in a typical neural network is an integration function, 

which serves to combine information or activation from the other nodes. This function 

(1) 

  (2) 

(3) 

 (4)  
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Xi
L
 provides the net input of the i

th  node in layer L. A second action taken by each 

node is to output an activation value as a function of its net input: 

 

OI
L
(k) = g(XI

L
 (k))  

     Where g (.) denotes the activation function. 

 

 

 

 

 

 

 

 

 

 

Figure (2) Adaptive Fuzzy System as a FNN 

 

     The basic function of the nodes in each layer would be defined as follows: 

 

a) Input layer 

     The nodes in this layer just transmit their inputs to layer 2: 

 

X1
1
 = x1, X2

1
 = x2, …, Xn

1
=xn 

 

Oi
1
 = Xi

1
 

     Where  i = 1,2, ……, n and n is the number of the input linguistic variables. 

 

b) Antecedent Layer 

     The output from this layer is: 

Oi
2
 = Fi (Xi

2
) 

 

     Where Xi
2
 is the input to node i in layer 2 and Fi is the linguistic label assigned to 

Fuzzy set (small, large, etc.). Using Equation(3), Equation(8) can be rewritten to 

have: 
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     Where mij and ij are, respectively, the center and width of the bell-shape function 

of the i
th 

input of the j
th 

rule. 

 

   (5) 

 

 (6) 

(7) 

(8) 

(9) 
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c) Rule Layer 

     The output from each node in this layer is dictated by the firing strength of the 

corresponding rule. With the proposed scheme (i.e. Equation(4)), the rule node 

perform the Fuzzy product operation; Therefore: 

 





n

i
ijjj

XOz
1

33
 

      

     Where Xij
3
 denotes the i

th
. Input to node j in layer 3. 

 

d) Consequent Layer 

     The upper node of these layer sums all outputs from the rule layer with action 

strengths (yi) and the lower node those with unity strength: 
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     Where N and D are the numerator and denominator of Equation(4) 

 

e) Action Layer 

     The network output would be pumped out the single node layer. 

D

N

X

X
Oxf 

5

2

5

15)(  

 
PROPOSED SYSTEM 

  
 Adaptive Fuzzy System Training Algorithm 

     Fuzzy-neural network will be used here in an intrusion detection system. The data 

sets from the monitoring system data base are used for the training and the testing of 

the fuzzy-neural networks. 

     Based on the error back propagation algorithm, the goal is to determine a Fuzzy 

logic system f( x ) in the form of Equation(4), which minimizes the error function: 
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     Where P is the number of outputs and dj(k) is the j
th 

desired output at time k. 

Without loss of generality, Multi-input single-output (MISO) Fuzzy logic system was 

considered in this paper. A multi-output system can always be decomposed into a 

group of single-output systems [12,13], therefore for P=1, Equation(14) is reduced to: 

 

(11) 

(12) 

(13) 

(14) 

(10) 
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 ) (k) d- ) (k) x ( (f 
2

1
  E(k) 2  

 

     According to Equation(4), if the number of rules is M, then the problem becomes 

training the parameters yj, mij, and ij such that E(k) is minimized. 

     Based on the back propagation training algorithm the iterative equations for 

training the parameters yj, mij, and ij are: 
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     Where  is the learning rate, Equation (16), (17), and (18) perform an error back 

propagation procedure. 

 

    Our system combines the two distinct intrusion detection approaches, (anomaly and 

misuse). Combining these two approaches enables bypassing drawbacks that appear 

in each approach.  

     The proposed system has six main components to be maintained along the project 

implementation: 

 

i. Subject: The users and their identification information, for the machine that 

they are working with, represent the subjects here. 

ii. Object: This term refers to the resources managed by the system.  

iii. Audit records: This is the basic element of IDS because it is generated by the 

server machine (where the IDS is residing ) in response to actions performed 

or attempted by subjects on objects such as user login, command execution, 

file access, and time of accesses. These records are arranged into database to 

be referenced along the execution of IDS. Each record field will be stored in 

the string type to increase the analysis and detection speed. 
iv. Profiles: are structures that characterize the behavior of subjects. The more 

important profiles fields are: the IP address, PC name, type of event (delete, 

create, rename, open), the time of accessing (starting and ending) per day (in 

hour).  
v. Anomaly records: are generated when abnormal behavior is detected. 

vi. Activity rules: actions taken when some condition is satisfied, which           

update profiles, detect abnormal behavior, relate anomalies to suspected 

intrusions, and produce reports. 

(15) 

(16) 

    (17) 

(18) 
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     The block diagram for the proposed system is shown in Figure (3). Each part of the 

proposed system will be discussed in detail in the following subsections. 

 

 

 

 

 

 

 

 

 

 

 
Figure (3) Proposed IDS block diagram 

 

 The Proposed IDS Architecture 

     The architecture of the proposed IDS is shown in Figure (4) and is stated in the 

following points: 

i. An audit record is created. This occurs when an action happens, such as open 

file. 

ii. The detection engine searches for anomaly behavior comparing the current 

data with the historical data.  

iii. Anomaly record is generated when abnormal behavior is observed. The 

anomaly record is forwarded to a number of different sub-systems for security 

officer, response, and storage. 

iv. The security officer is notified through visual method such as showing the 

message as alarm.  

v. A response is generated. Responses include actions such as shutdown the 

target, restart the target or notify the security officer. 

vi. Store the anomaly record to use it in expecting new type of intrusion. 

vii. Reports can be generated and forwarded to the security officer. 

 

The Proposed Monitoring System 
 

     Host based monitor activities are normally executed only by an administrator. 

Operating systems log any event user accounts are added, deleted, and renamed. Host-

based IDS can detect an improper change as soon as it is executed. Host-based IDS 

can also audit policy changes that affect what systems track in their log. 

     The proposed system does not contain any special features for dealing with 

complex actions that exploit a known or suspected security flaw in the target system; 

indeed, it has no knowledge of the target system's security mechanisms or its 

deficiencies. By detecting the intrusion, however, the security officer may be better 

able to locate vulnerabilities. 

     The proposed system was built as an administrator for a LAN network with a two 

personal computer connected to server. These two computers will operate under 

windows, the first step is start up the server, no network services without server. Each 

client registers himself as an employee. The employee has to fill registration form 

Monitoring system 

Detection model 

 

Alerting model 
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which asks him about many personal aspects. This personal information is decided 

previously. After that, employee returns to his office to get himself ready for the next 

step through which the system learns more about him, as shown in Figure (5). 

Monitoring Algorithm can be characterized as seen in algorithm (1)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure (4) The architecture of the proposed system 

 

Algorithm (1): 

 

 Start when the computer is turned-on. 

 Specify the target system that wants to monitor it. 

 Monitoring the specified target system. 

 Check if any operation of (delete, create, rename, and open) on the file or 

folder has occurred then add a record in database, go to step 3. 

 End. 

Detection Model 

     There are two categories of intrusion detection system. They are called network-

based IDS and host-based IDS. Networks have made computer systems easily 
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accessible from remote location. This allows legitimate users to access computer 

systems and information on those computer systems and this may lead to a large 

number of intrusions. 
     A single intrusion of a computer network can result in the loss or unauthorized 

utilization or modification of a large amount of data and cause users to question the 

reliability of all the information on the network. An important shortcoming of IDS is 

that can detect when an event is unusual, which may or may not indicate an attack. 
       This model acts the heart of the proposed system, it consists of two phases: 

Encoding phase and Detection phase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure (5) The proposed monitoring system 
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Encoding Phase 

      
The main function of this phase is reading the records from monitoring system 

database and encoding it. The input files to the Fuzzy Neural Network must be 

encoded. These files must be in decimal format, therefore, all log files must be 

converted to decimal format, as shown in the figure (6). Encoding phase explained in 

the following algorithm. 

 

 

Algorithm (2): 

 Start while DB contain operation record.  

 If  rec. no  from MSDB  larger  than  zero, then go to  step 3. 

 Else go to step 11. 

 Read record from MSDB.  

 Set coding  = 0 , x =0.  

 x   = x +1.  

  If x <  field no.  then go to step 7.  

 Else   go to   step 2.  

 7. Execute Query  
 Query = "select target field, code, ser, max (ser). As m ser from code table    

where target field = record, field (x)"  

 Check if rec. no. Of Query larger than zero then go to step 9 
o Else go to step 10  

   Coding  (x + ser ) = Query (code ). 

 x = x + Query (m ser ) and go to step 5  

 End.  
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Figure (6) Flow chart of Encoding phase 

 Detection Phase 

  
     The purpose of this phase is to detect intrusions by using Fuzzy  

Neural Network. In this phase, two kinds of intrusions will be detected, anomaly and 

misuse intrusion. 

Yes 

Yes 

Yes 

No 

No 

No 

  Start 

End 

Is rec. 

no. of 

ms >0 

If rec.no. 

From 

Query>0 

Is x< 

field 

no. 

Execute Query 

Query = "select Target field, code, ser, max (ser) as m ser from code table 

where Target field= record. Fields(x)" 

Coding (x+ser) = Query (code) 

x= x + Query (m ser) -1 

Set coding = 0, x=0 

x = x + 1 

Read record from MSDB 

 



Journal of Engineering Volume 16 march 2010      Number1  
 

 

 8444 

 

a. Anomaly Detection 

     This is the first detection mechanism in the proposed system. The structure of the 

anomaly detection is shown in Figure (7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (7) Structure of the anomaly detector 

• Machine Learning Component: This part uses fuzzy-neural (back propagation) to 

learn normal patterns of system behavior. This normal behavior is stored in profiles. 

This allows the system to adapt to new environment. 

• Anomaly Intrusion Detection Module: This module extracts patterns of an 

observed audit trail and compares these new patterns with the normal patterns. If the 

similarity of the sets of patterns is below a specified threshold, the system alarms of 

an intrusion.   
• Decision- Making Module: This will decide whether or not to activate anomaly 

intrusion detection and integrates evaluation results provided by the anomaly intrusion 

detection.  

• Communication Module: It is the bridge between the intrusion detection and 

decision- making module. 

• Intrusion Detection Sentries: Pre-process audit data and send results to the 

communicatION module. 

 

     Algorithm (3) shows the steps of anomaly detector. Figure (8) shows Neural 

Network for anomaly detector. 
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Algorithm (3): 

1. Begin 

2. Monitoring system turn on. 

3. Select specific fields from monitoring system data base and arrange them in 

vectors 

4. While .T. DO 

Begin 

Read vector from monitoring system data base. 

Apply encoding algorithm. 

Input vector to the designed FN 

If the output of FN is (1) then 

                            Mark the specified Vector as normal 

Else   mark the specified vector as abnormal  

5. If no more vector found then  

                Exit 

6. End (while) 

7. End. 

 

     The input values to the FN are coded as x1, x2… x9.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (8)  Neural network architecture used for anomaly detector 

Where: 

x1: the destination name.                  x6: the attribute of folder (hidden or not). 

x2: create event.                                x7: the file 

x3: delete event.                                x8: the folder. 

x4: rename event.                              x9: the event in time. 
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x5: open event. 

 

     The main task of this phase is to identify intrusion patterns by considering the 

threshold that was computed in the fuzzy-neural network with back propagation 

training algorithm. The detector was designed using Fuzzy Neural Network, which 

utilizes back propagation architecture that consists of (9) input nodes, the hidden layer 

consist of (7) nodes and one output node. 

     The FN is designed to provide an output value (0) to indicate a misuse attack, and 

if output value is larger than error then anomaly intrusion has occurred. If output 

value is smaller than error then behavior is normal. 

The number of hidden layers and the number of nodes in hidden layer is determined 

based on the process of trial and error. 

     The hidden layer consists of seven nodes, because this number of nodes gives good 

rate of accuracy in learning operation. If the number of nodes in hidden layer is 

increased then the accuracy will be increased but this number of nodes in hidden layer 

needs more time because of the computations between the nodes. 

      The output layer consists of one node, because we need either yes or no. It means 

intrusion or not- intrusion. 

 

b. Misuse Detector 

     This type of detection involves a comparison of user's activities with the known 

behaviors of attackers. This detection mechanism matches the current behavior with a 

signature of known attacks. A signature is a pattern that we want to look at in event 

records. The structure of the misuse detector is shown in Figure (9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (9) The structure of the misuse detector 
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The algorithm of the misuse detector is illustrated in algorithm (4). 

Algorithm (4): 

1. Begin 

2. Monitoring system turn on. 

3. Select specific fields from monitoring system data base and arrange them in     

vectors 

4. While .T. DO 

a. Begin 

b. Select specific features from records in MSDB depending on the                                                                                                                                                                                                                                           

Signature of the attack 

c. Match the selected features with the features of the attack  

d. signature 

e. If    the two sets of features match then                                                                                                                                                                                                                                                                               

                               Misuse attack is found 

Else 

                               Mark the event as normal 

f.    If    no more attacks found     then 

        Exit 

Else 

Check another attack type 

End 

5. End 

 

 
Alerting Model 

     This is the last stage in the proposed system. This stage is concerned with deciding 

if an event or a set of events is an intrusion or not. It receives the output of anomaly 

detection or misuse detection part and then gives the result in a report. This report 

shows if the event is an intrusion and normal. The report also specifies the source that 

causes the abnormal behavior and the data and time of it. This model is important, 

since it is used to stop an intruder. Alerting model has many levels of reactions 

against the intruder, using any one of them depends on the nature of attack. Figure 

(10) shows this mechanism.   

     This model may be enough in showing the warning messages or locking some 

bottoms in the keyboard or freezing the IP that causes that attack.   
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Figure (10) General block diagram of the proposed system 
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SYSTEM IMPLEMENTATION 

     The system is divided in two parts: the first one for the user and the second part for 

Administrator only. The final experiments were conducted to see what percent of the 

normal patterns and the attacks that are classified correctly.  

     The first part of the proposed system represents the user behavior by applying the 

four operation (open, rename, delete, and create) on folder or file and select the file 

categories. By executing that we obtain the total path and its history in exact time and 

date. This will record the required information for the user who authorized to work on 

this IP address by registering correct username and password. The second part of the 

proposed system that represents the administrator will record the required information 

to register users like (user name, password, etc). 

     Since our work is in LAN environment, therefore, all clients in the LAN must be 

monitored and all events that occurred should be notified and registered in the 

database. The events that monitoring system monitors are open, rename, create and 

delete file or folder. Our system monitors the files that have the following extensions 

(*.sys,*.txt, *.avi, and custom). 

     The experiments were conducted in two parts, the preliminary experiment and 

final experiment. 

 

i. The Preliminary Experiment: In this test we used both known and unknown 

attacks in the same file. When we used just three hidden units, no attacks were 

detected at all. With 5 hidden units, we got a detection rate of 86%. The results 

from this experiment gave the background for choosing the number of hidden 

units and iterations used for the training of the fuzzy-neural network in the 

final experiment. This means that number of hidden units must be over 5; 

number of iterations must be over 100. There is a huge drop in the error 

between 3 and 5 hidden units. Table 1 shows Preliminary experiment results, 

figure (11) shows the error for the preliminary experiment. 

 

 

 
Table 1: Preliminary experiment results 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hidden 

number 

Iterations 

number 

Error 

2 100 0.3544 

3 100 0.3541 

4 100 0.0219 

5 100 0.0195 

6 100 0.0183 

7 100 0.0031 
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Figure (11): Error for the preliminary experiment 

 

 

ii. The Final Experiment: The testing was divided into normal traffic, known 

attacks, and unknown attacks. The classification rate of normal is 82%, but for 

the known attacks is 82% and the classification rate of unknown attacks is 

80%, as shown in table 2: 
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Table 2: Final experiment results for normal traffic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As explained before, the lower error rate is, the better rate normally is, in Figure 

(12) the differences in the errors when we used 100,1000,5000 and 20000 

iterations for the training of the neural network are shown, 

 

 

 

 

 

 

Hidden number Iterations number 

 

Error 

4 100 0.021995822141 

7 100 0.018322100972 

12 100 0.018230336374 

24 100 0.018132969630 

4 1000 0.006137723648 

7 1000 0.004811317503 

12 1000 0.004608365849 

24 1000 0.004337760720 

7 5000 0.002035273630 

12 5000 0.001919316337 

24 5000 0.001778245927 

7 20000 0.000985901225 

12 20000 0.000917864210 

24 20000 0.000841241861 



Journal of Engineering Volume 16 march 2010      Number1  
 

 

 8444 

 
 

Figure (12): Error comparison 

 
CONCLUSIONS 

 

     The proposed system is dedicated to design a network-based intrusion detection 

system on a network. Using the machine learning component of IDS architecture 

allows the system to adopt new environments. This makes the proposed system able 

to detect both of attacks anomaly and misuse attacks. Both anomaly detection and 

misuse detection are supported by the system. This gives the ability to respond to 

anomaly and not only to signatures of known attacks. Using Fuzzy Neural Network in 

anomaly detection shows that it can learn the characteristics of normal behavior and 

identify instances that are unlike normal behaviors that are anomalies. The training of 

the neural network requires a very large amount of data to ensure that the results are 

accurate. 
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 ABSTRACT 

 Automatic detection and classification of cardiac arrhythmias is important for diagnosis of 

cardiac abnormality. This paper shows a method to accurately classify ECG arrhythmias 

through a combination of slantlet transform and artificial neural network (ANN). The ability of 

the slantlet transform to decompose signal at various resolutions allows accurate extraction of 

features from non-stationary signals like ECG. The low frequency coefficients, which contain 

the maximum information about the arrhythmia, were selected from the slantlet decomposition. 

These coefficients are fed to a Multi-Layer Perceptron (MLP) artificial neural network 
which classifies the arrhythmias. In the present work the ECG data is taken from standard MIT-

BIH database. The proposed system is capable of distinguishing the normal sinus rhythm and 

nine different arrhythmias. The overall accuracy of classification of the proposed approach is 

98.40 %. Three other transformation methods are used and the accuracy of the classification of 

each was compared with the slantlet system accuracy. These transformation methods are: the 

Fourier transform which gives 67.80% accuracy, the discrete cosine transform which gives 

92.72% accuracy, and the wavelet transform (using Haar and Daubechies-4 scaling function 

coefficients, which give an accuracies of 96.02% and 96.25% respectively). 

 

 

وض   ري ة ل لني     ذا البح    ه  .إن كشف و تصنيف حالات القلب المرضيي  هميف  يش تشيايح ال يالات القلليي  الشيا   -:الخلاصة
ق اي   .(ANN) لم   الب ب ل البي ب ل الاي ر ا  ( Slantlet)الحالات الميض ل من نخر ر الةل   و ذل م م ن خ مج ام ح النحو  ج 

للم  اات الن ت نحمل  ا الأب ايات   لى نحل ج الأباي  إلى   اي يها ذات الاق ل المخنل  ل ن  م  بلا  نخم   ا ( Slantlet)النحو ج 
و الن ت نحن وع  ل ى   ن ب    بل م ن )المباممت ذات الن ياا ال وارت  . الموج ل لنخر ر الةل  ال  يبائتم نةي  مثج الاب اج الغ ي 

ه ذ  المب اممت ن ب نج  اه ا ال ى (. Slantlet)نب إخن ايها من النحل  ج ال  انح م ن إ  نخااب النحو  ج (  ن الحالل الميض لالمبلومات 
ف ت البم ج المة اب ن ب  خ ذ ب ا  ات نخر  ر . بب ل  يب ل اير ا  ل منباا  الربةات و الن ت ب اويها نة وب بني     الح الات الميض  ل

قااي  لى النم  ا ب ن الحال ل الرب ب  ل و ن  بل ح الات   نيحإن ال ناب المة.. (MIT-BIH)الة ا  ل  الةل  ال  يبائت من قا ا  الب ا ات
ثم  ري  نحو مت  خيى و نب مةاي ل اق ل   ذلم نب   نخااب . ٪89.>=الاقل الاجمال ل للني    فت الري ةل المةامل هت  .ميض ل

ال  ذع  بر  ت اق  ل ( Fourier)ه  ذ  الر  ي  ه  ت النحو   ج (. Slantlet)   ج الني      ل   ج ري ة  ل م    الاق  ل ال انج  ل بلا   نخااب النحو
بلا  نخااب مب اممت اال ل الحج ب ( ] Wavelet)و النحو  ج  ٪9;.9=و الذع  برت اق ل ( discrete cosine)النحو ج , 9٪>.;:

(Haar ) و(Daubechies-4 ) لى النوالت ٪99.:=و  ٪99.:=و النت   رت اقل      .] 
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 Slantlet Transform, Neural Networks, ECG Features Extraction and Classification.   
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INTRODUCTION   

  Electrocardiogram (ECG) measurements are used to monitor the contraction of the cardiac 

muscles by measuring the propagation of electrical depolarization and repolarization in the atria and 

ventricles. The ECG waveform is divided into P, Q, R, S, T and U elements. Fig. 1 shows the 

components of a typical ECG signal. The P wave corresponds to atrial depolarization that shows 

contraction of both left and right atria. The QRS complex represents the depolarization of the 

ventricles. The T wave represents ventricles repolarization which setting up the cardiac muscle for 

another contraction. Sometimes it will follow by U wave that represents the Purkinje fibers 

repolarization. A highly sensitive electrocardiograph tools can help cardiologists to detect various heart 

irregularities, cardiac diseases and damages. The ECG interpretation is important for cardiologists to 

decide diagnostic categories of cardiac problems [1]. 

 

 
 

Fig. 1: Components of a typical ECG signal 

 

 Classification of ECG is an important area in biomedical signal processing, several algorithms 

have been developed for classification of ECG beats. These techniques extract features, which are 

either temporal or transformed representation of the ECG waveforms. The extracted features are used 

in the pattern recognition system to classify the ECG beats. The subject of pattern recognition can be 

divided into two main areas of study (1) features extraction and (2) classifier design, as summarized in 

Fig. 2, where x(t) is the input signal.  

 

 

 

 

   

  

 

 

 

Fig. 2 : Pattern recognition system 

 

 The paper presents a slantlet based approach to extract features from the non-stationary ECG 

signal. The slantlet transform allows improved time-frequency localization of the signal. A supervised 

artificial neural network (ANN) is developed to recognize and classify the nonlinear morphologies. 
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ANN trained with back propagation algorithm, classifies the applied input ECG beat to appropriate 

class.  

  

- WAVELET TRANSFORM   

Wavelet transforms (WT) are used to decompose the original signal into a set of coefficients that 

describe the signal’s frequency content at given times. The wavelet transform is designed to give good 

time resolution and poor frequency resolution at high frequencies and good frequency resolution and 

poor time resolution at low frequencies. This approach makes sense especially when the signal at hand 

has high frequency components for short durations and low frequency components for long durations, 

which is the case in most biological signals, mainly the Electroencephalogram (EEG), Electromyogram 

(EMG), and ECG signals [2]. Wavelets are functions defined over a finite interval and having an 

average value of zero. The basic idea of the wavelet transform is to represent any arbitrary function of 

time as a superposition of a set of such wavelets or basis functions. These basis functions or baby 

wavelets are obtained from a single prototype wavelet called the mother wavelet, by dilations or 

contractions (scaling) and translations (shifts) [3]. 

 

The Continuous Wavelet Transform 
Wavelet functions generated from one single function ψ, which is called mother wavelet, by the 

scaling factor a and the translation factor b is given by:  
                             

 )()(
2/1

,
a

bt
atba





                              (1) 

 

Where   a: is the scaling factor, and  b: is the translation factor   

Where ψ must satisfy: 
  






0)( dtt                                 (2) 

 

The basic idea of wavelet transform is to represent any arbitrary function f as a decomposition of 

the wavelet basis or write f as an integral over a and b of ψa,b . 

The continuous wavelet transform of a signal )(tf is defined by [4]: 
 

dtttfbaC ba )()(),( ,




                                               (3) 

 

The Discrete Wavelet Transform  
The DWT of a signal x is calculated by passing it through a series of filters. First the samples are 

passed through a low pass filter with impulse response g resulting in a convolution of the two, as 

shown in equation below [5]: 
 







k

kngkxgxny ][][)(][                                                      (4) 

 

The signal is also decomposed simultaneously using a high-pass filter h. 
  

The outputs give the detail coefficients (from the high-pass filter) and approximation coefficients 

(from the low-pass). It is important that the two filters are related to each other and they are known as a 
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quadrature mirror filter. However, since half the frequencies of the signal have now been removed, half 

the samples can be discarding according to Nyquist’s rule. 

For many signals, the low-frequency content is the most important part, which gives the signal 

identity. The high-frequency content, on the other hand, imparts details or noise. In wavelet analysis, 

all the speaking is about the approximations and details. The approximations are the high-scale, low-

frequency components of the signal. The details are the low-scale, high-frequency components.  

The filter outputs are then down-sampled by 2, as shown in the following equations: 
 







k

low kngkxny ].2[].[][                                  (5) 







k

high knhkxny ].2[].[][                                  (6) 

 

This decomposition has halved the time resolution since only half of each filter output characterizes the 

signal. However, each output has half the frequency band of the input so the frequency resolution has 

been doubled.  

 

Discrete Wavelet Transform Using Filter Bank Structure 

The DWT is calculated as described above, the structure uses the high pass filter, low pass filter 

and subsampling is called Filter Bank. This decomposition is repeated to further increase the frequency 

resolution and the approximation coefficients decomposed with high and low pass filters and then 

down-sampled. This is represented as a binary tree with nodes representing a sub-space with different 

time-frequency localization, the tree is known as a bank and is shown in Fig.  3. 

At each level in Fig. 3 the signal is decomposed into low and high frequencies. Due to the 

decomposition process the input signal must be a multiple of (2
n
) where n is the number of levels [5].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3: A 3-level filter bank (A 3-level DWT) 
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For most physical signals the signal energy is concentrated in the lower frequency bands, thus 

this representation gives the energy compaction. Many of the resulting wavelet coefficients, especially 

in the higher frequency bands, are either zero or close to zero. By taking only the larger coefficients, 

many bits are already discarded without losing significant information [6].  

 
- SLANTLET TRANSFORM   
 The slantlet transform is an orthogonal discrete wavelet transform with two zero moments and 

with improved time localization, the construction of the slantlet is based on a filter bank structure 

where different filters are used for each scale. Let us consider a usual two-scale iterated DWT filter 

bank shown in Fig. 4 (a) and its equivalent form Fig. 4 (b). The slantlet filter bank employs the 

structure of the equivalent form shown in Fig. 4 (b) but it is occupied by different filters that are not 

products. With this extra degree of freedom obtained by giving up the product form, filters of shorter 

length are designed satisfying orthogonality and zero moment conditions [7]. 
For two-channel case the Daubechies filter is the shortest filter which makes the filter bank 

orthogonal and has K zero moments. For K=2 zero moments the iterated filters of Fig. 4 (b) are of 

lengths 10 and 4 but the Slantlet filter bank with K=2 zero moments shown in Fig. 4 (c) has filter 

lengths 8 and 4. Thus the two-scale Slantlet filter bank has a filter length which is two samples less 

than that of a two-scale iterated Daubechies-2 filter bank. This difference grows with the increased 

number of stages. Some characteristic features of the Slantlet filter bank are orthogonal, having two 

zero moments and has octave-band characteristic. Each filter bank has a scale dilation factor of two 

and provides a multiresolution decomposition. The slantlet filters are piecewise linear. Even though 

there is no tree structure for Slantlet it can be efficiently implemented like an iterated DWT filter bank. 

Therefore, computational complexities of the Slantlet are of the same order as that of the DWT, but 

slantlet Transform gives better performance in denoising and compression of the signals [8].  

 

 

 

 

 

 

 

 

 

 

 

 

 

            

  (a)           (b)            (c) 

 

Fig. 4  

    (a)Two-scale iterated filter bank DWT 

(b) Equivalent form using the DWT 

(c) Two-scale filter bank using SLT 
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Derivations of The Slantlet Filters Coefficients [8] 

The filters that construct the slantlet filter bank are gi(n), fi(n), and hi(n). The L-scale filter bank 

has 2L channels. The low-pass filter is to be called hL(n). The filter adjacent to the low-pass channel is 

to be called fL(n). Both hL(n) and fL(n) are to be followed by downsampling by 2
L
. The remaining 2L-

2 channels are filtered by gi(n) and its shifted time-reverse for i=1,…,L-1. Each is to be followed by 

downsampling by 2
i+1

.  

The sought filter gi(n) is described by four parameters and can be written as: 
 

 











 12,...,2)2(

12,...,0
)(

1

10

10

iii

i

i
nfornbb

nfornaa
ng                                         (7) 

    

To obtain gi(n) such that the sought L-scale filter bank is orthogonal with 2 zero moments, requires 
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The same approach work for fi(n) and hi(n). 
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- NEURAL NETWORK   

A generic artificial neural network can be defined as a computational system consisting 
of a set of highly interconnected processing elements, called neurons, which process 
information as a response to external stimuli. The inputs received by a single processing 
element, see Fig. 5, can be represented as an input vector X= (x1, x2,…xm), where i=1,…,m 
and xi is the signal from the ith input. The weights connected to the neuron can be 
represented as a weight vector of the form W = (w1, w2, …, wm), which  represents the weight 
associated to the connection between the input vector X, and the processing element. A 
neuron contains a threshold value that regulates its action potential which is called the bias 
(x0) and the weight of the connection is w0. While action potential of a neuron is determined 
by the weights associated with the neuron’s inputs, a threshold modulates the response of a 
neuron to a particular stimulus confining such response to a pre-defined range of values [9].  

 

 
  

 
 
 
 
 
 
 
 
 
 

Fig. 5: Basic Model of a Single Neuron 

 

The equation below describes the summation of weighted input process of the active 
neuron as shown in Fig. 5.  
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 The equation below shows the y output of a neuron as an activation function f of the 
weighted sum of m inputs. 
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The activation function, denoted by f (ν), defines the output of a neuron in terms of the 
induced local field ν.  
 

Structure of ANN [9]  
Neural networks are typically arranged in layers. Each layer in a layered network is an 

array of processing elements or neurons. Information flows through each element in an input-
output manner. In other words, each element receives an input signal, manipulates it and 
forwards an output signal to the other connected elements in the adjacent layer.  
 

Back Propagation Algorithm [10]  
Different network topologies with powerful learning strategies to solve nonlinear 

problems have been reported. For the present application, back propagation with momentum 
is used to train the feed forward neural network. The output units (yk units) have weights wjk 
and the hidden units have weights wij. During the training phase, each output neuron 
compares its computed activation yk with its target value dk to determine the associated error 
E for the pattern with that neuron, i.e., 
 





m

k

kk ydE
1

2)(                                                                                                  

(12) 
Where m is the number of the output neurons 

The ANN weights and biases are adjusted to minimize the least-square error. The 
minimization problem is solved by the gradient technique. This is achieved by back 
propagation of the error. When using momentum, the net is proceeding not in the direction of 
the gradient, but in the direction of a combination of the current gradient and the previous 
direction of weight correction. Convergence is sometimes faster if a momentum term is added 
to the weight update formula. 

The BPA is a supervised learning algorithm, in which a mean square error function is defined, 

and the learning process aims to reduce the overall system error to a minimum. The connection weights 

are randomly assigned at the beginning and progressively modified to reduce the overall system error. 

The weight updating starts with the output layer and progresses backward. The weight update is in the 

direction of ‘negative descent’, to maximize the speed of error reduction. 

For effective training, it is desirable that the training data set be uniformly spread throughout the 

class domains. The available data can be used iteratively, until the error function is reduced to a 

minimum. 

The accuracy of the neural network classifier depends on several factors, such as the size and 

quality of the training set, the method of the training imparted and also the parameters chosen to 

represent the input. 

 

- SYSTEM DESIGN STAGE  

The problem under study is to classify the ECG signals into normal cases and nine abnormal 

cases depending on the features of the ECG signals. In this work the physionet database of biological 

signals is used as the source of ECG records, namely the MIT-BIH ECG Database. This database is 

accessible on the internet and is widely used in experimental works on classification of ECG signals 

and biological signals in general [11]. 

The data files were recorded with different sampling frequencies, so it is needed to resample the 

records to a unified frequency. The unified frequency used in the proposed work is 360 Hz.  
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The proposed work is done on ten classes where the data used are collected from the following 

databases in the MIT-BIH ECG database:  Arrhythmia, Atrial fibrillation, Malignant Ventricular 

Ectopy, Supraventricular Arrhythmia, Normal Sinus rhythm, and the PTB (Physikalisch-Technische 

Bundesanstalt, i.e. The National Metrology Institute of Germany) Diagnostic ECG Database.     
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- PROPOSED FLOW DIAGRAM  
The general block diagram for the proposed system of the classification is shown in Fig. 

6. In the present work, MATLAB software package version7.4.0.287 (R2007a) is used to 
implement the software design and algorithms. The main components of the system are the 
sampling block in which the sampling rate of the signal is made 360 Hz so if the sampling rate 
of input signal is not equal to 360 Hz then re-sampling is done. The data files used consists of 
time stamps and values recorded from two electrodes, some of these files contain more than 
two electrodes records. The PTB Diagnostic ECG Database consists of time stamps and values 

recorded from 15 leads, each record includes 15 simultaneously measured signals: the conventional 12 

leads (I, II, III, aVR, aVL, aVF, V1, V2, V3, V4, V5, V6) together with the 3 Frank lead ECGs (VX, 

VY, VZ). Each signal is digitized at 1000 samples per second. For each record the sampling rate is 

mentioned in its associated header file. The records used are taken from lead II to find the ECG beats 

that are used in the pattern recognition system. After the sampling block, the beat detection block is 

introduced in which one beat of the signal is extracted. The extracted beat is introduced to the 

feature extraction block for dimensionality reduction and for the creation of the feature vector. 
The feature vector creation process is done by using SLT, DWT, DCT and FFT. The new 
feature vector is used as an input to the BP-NN to classify them into normal and abnormal 
ECG beats. Some of the extracted beats are used for the training of the neural network and 
others are used for the testing. The classifier performance was evaluated by calculating 
accuracy of the network in classification process.    

  
 

 

 

 

 
 

Fig. 6: Flow Diagram for classification and analysis of ECG signals 
 
The Input ECG Signal  

 The ECG record that needs to be classified must be taken with its header, where the ECG record 

contains the ECG signals from a number of leads and the header file contains the sampling rate used to 

sample that signal. For the used records in this work the sampling rate for the Arrhythmia data base is 

360 Hz, for the Atrial fibrillation recodes, Malignant Ventricular Ectopy, Supraventricular Arrhythmia, 

and Normal Sinus rhythm, is 250 Hz  and for the PTB Diagnostic ECG Database the sampling rate is 

1000 Hz [11]. 

 

Sampling Block   

The sampling rate must be 360 Hz for whole records in order to make the ECG record suitable 

for the processing stages following this stage. The sampling rate change depends on the information 

contained in the header file of the record. 

 
Windowing Process 

 First of all, one lead must be chosen to extract the ECG beat, the lead chosen in the proposed 

work is lead II since most of the rhythms are seen in this lead record. As the shape of each beat in 
ECG waves is asymmetric, P-QRS-T complexes are selected by using windows with a range 
of 100 samples before the R-wave maximum point and 155 samples after the R-wave 

ECG 

Class 
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maximum thus the number of samples in each extracted beat is 256 samples. This is to 
extract a single beat ECG signal from the multi-beat data. The flow chart for the windowing 
process is shown in Fig. 7. The extracted beat is now ready for the feature extraction step. 
Fig. 8 (a) shows the record (103) from the MIT-BIH arrhythmia database which contains the 
normal beats this record is from the modified lead II (MLII) and lead V2. The record from lead 
II is used to extract only one beat from it. Fig. 8 (b) shows the extracted beat (normal beat). 
 
  

        

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 7 : Flow chart describing windowing process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Start  

End 

 

Find the maximum R in the ECG signal  

Apply window of 256 sample length  

Single ECG beat 256-sample length 

(a) 

(b) 

samples 

V
o
lt

ag
e 

m
v
  



S. J. Abou-Loukh                                                                                     ECG Classification Using Slantlet Transform 

T. Zeyad                                                                                                  And Artificial Neural Network 

R. Thabit 
 

 4521 

 Fig. 8   (a) The ECG record (Normal Sinus Rhythm)(b) The Extracted single beat 

Features Extraction 
 

A- Feature Selection 

It is basically impossible to apply any classification method directly to the ECG samples, 
because of the large amount and the high dimension of the samples necessary to describe 
such a big variety of clinical situations. A set of algorithms from signal conditioning to 
measurements of average wave amplitudes, durations, and areas, is usually adopted to 
perform a quantitative description of the signal and a parameter extraction. On this set of 
extracted ECG parameters, several techniques for medical diagnostic classification are then 
applied, such as probabilistic approaches, heuristic models, and knowledge-based systems. 
The aim of this work was to determine suitable input feature vectors which would discriminate 
between normal and different types of heart diseases.  
 

B. DWT Coefficients Extraction 

In the present work Db4 and Haar wavelets have been used as the mother wavelets. For 
achieving good time-frequency localization, the preprocessed ECG signal is decomposed by 
using the DWT up to the third level. The 3-level wavelet decomposition structure is shown in 
Fig. 3, where the result is 4 different subsets, three subsets for the details (the wavelet 
function coefficients) and the forth is the approximation subset (the scaling function 
coefficients). Since most of the information is concentrated in the low frequency components only the 

32 samples result from the level-3 low pass filter will be considered as the features of the input signal.  
 

C. SLT Coefficients Extraction 

The slantlet filter bank used to extract the features of the ECG signal is 3-scale (L=3) filter bank. 

The structure of this filter bank is shown in Fig. 9, where 6 different filters are used. These filters are 

constructed using the derivations explained previously. The low pass filter h3(n) output is the 

approximation of the signal and the other outputs are the details so it can be efficient to take only the 

coefficients of the low pass filter as features of the signal and discard the remaining coefficients 

without losing many information about the signal. Since the slantlet transform gives better time 

localization the results of the classification will be better using this transformation method. The 

features extraction using SLT is shown in Fig. 10. 
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Fig. 9 : 3-scale slantlet filter bank 

 

Where:  

 a1: is 32 samples which are the outputs of the low pass filter h3 after down sampling by 8. Only 

this vector will be used as the features of the ECG beat.  

 d1: is 32 samples which are the outputs of the band pass filter f3 after down sampling by 8. 

 d2: is 32 samples which are the outputs of the band pass filter g2 after down sampling by 8. 

 d3: is 32 samples which are the outputs of the band pass filter (shifted time reverse of g2) after 

down sampling by 8. 

 d4: is 64 samples which are the outputs of the band pass filter g1 after down sampling by 4. 

 d5: is 64 samples which are the outputs of the band pass filter (shifted time reverse of g1) after 

down sampling by 4. 

 

 

 
 

d5 
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Fig. 10    (a) ECG beat (Normal)             (b) SLT of the ECG beat            (c) 32 samples of the SLT   

 

D. DCT Coefficients Extraction 

 The discrete cosine transform has an important property that its basis vectors closely approximate 

the original signal with a little number of coefficients. The DCT is an orthogonal transform and most of 

the energy of the signal transformed is concentrated in the low frequency components. To extract the 

features of the ECG signal only the 32 samples in the lower part of the coefficients will be used.  

 

E. FFT Coefficients Extraction 

The amplitude of the signal using FFT is symmetrical so it is enough to consider only one side of 

the coefficients resulted to extract the features of the signal. The phase coefficient with dimensionality 

reduction will not give efficient result when the number of classes is large, so that the phase will not be 

used. It is important to notice that the features extracted using the FFT contains only the amplitude 

information. For dimensionality reduction first 32 samples are used as the features of the input signal.  

 

Neural Network Classifier  

 The ECG record contains number of beats, this number of beats in each record is different 

according to the recording time, also the sampling rate in some records different from that of the other 

record. To extract one beat from the multi beat record the re-sampling is done if the sampling rate is 

not 360 Hz, then the windowing process is done. After the extraction of one beat, the features of each 

beat are found using transformation methods and dimensionality reduction to obtain an acceptable 

number of features that can be used in the neural network. 

 The neural network used as the classifier uses the features obtained from the feature extraction 

process for training and testing. The neural network structure used in the proposed work consists of 32 

neuron input layer, 20 neuron hidden layer and 1 neuron output layer is shown in Fig. 11, and it’s 

specifications are illustrated in Table 1.  

 The activation function for the input layer and the hidden layer neurons is the Tan-sigmoid 

function, the activation function for the output layer neuron is the Linear function. 

The neural network after identifying its parameters [identifying the number of layers and 
the activation functions] was trained using the BPA. After the training process of the neural 
network, the testing process was done to test the performance of the neural network in 
classifying the input patterns. The maximum number of iterations for the neural network used 
in this work is 1000.  
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Fig. 11 : Structure of ANN 
 

Table 1 : Neural Network specifications 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- RESULTS AND DISCUSSION  

 

Data Manipulation  

  The system has been applied on ten classes of ECG beats, one of them is the normal beats class 

and the others were some of the heart arrhythmias. These ten classes and their corresponding number of 

beats are shown in Table 2. 

 

 

      Table 2: The ECG classes and their corresponding number of beats 

No. Item Value 

1  Training pattern vectors number 670 

2 Layers number 3 

3 No. of neurons in the input layer 32 

4 No. of neurons in the hidden layer 20 

5 No. of neurons in the output layer 1 

6 Goal MSE 0 

7 Maximum no. of iterations 1000 

Class 

number 

Class name Symbol of the 

class 

The total 

number of 

beats used 

1 Normal N 708 

2 Paced beat P 247 

3 Right Bundle Branch 

Block 

R 128 

4 Left Bundle Branch 

Block 

L 103 

5 junctional escape beat   j 19 

6 Premature Ventricular 

contraction 

V 28 

7 Ventricular tachycardia  VT 50 

8 Supraventricular  S 40 

9 Atrial Fibrillation  A 92 

10 Inferior Myocardial IMI 134 
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The number of beats of each class has been divided into two parts: 
 

a- One part of these beats is used for the training of the neural network called (training beats), the 

training of ANN starts by computing the local errors from the output of the network towards the 

input. At first, the data sample is sent through the network to find an output and then calculate the 

error introduced at the output layer and reflect it to find the overall error, all weights are updated 

until the required performance is obtained. 

b- The other part is used for the testing of the network called (testing beats), at the completion of 

training, the testing beats are tested on the feed forward network and their resultant error is used to 

give the measure of the generalization ability of the network. 
 

Whole results obtained after classification are shown in Table 3, where the number of errors result 

from the classification process is different according to the type of the transformation method used to 

extract the features of the signal.  

 

Table 3 : Results of classification for all systems   

 

No Beat 

type  

training 

beats  

testing 

beats 

FFT 

errors 

DCT 

errors 

DWT(H) 

errors 

DWT(db4) 

errors 

SLT 

errors 

1 N 300 408 100 2 0 1 6 

2 P 100 147 106 47 0 0 0 

3 R 50 78 26 0 2 6 1 

4 L 50 53 15 6 5 4 0 

5 j 9 10 0 0 0 0 0 

6 V 10 18 8 5 1 3 1 

7 VT 25 25 0 3 11 5 1 

8 S 20 20 12 0 0 14 0 

9 A 40 52 15 1 16 0 5 

10 IMI 66 68 1 0 0 0 0 

 Tot.  670 879 283 64 35 33 14 

 

Performance Evaluation of Neural Network   

The Neural Network used for the classification purpose in this work has the same structure 

overall the types of transformation methods applied to find the features of the signal, so that the 

complexity in all types is the same. When the comparison is done between the results obtained after 

testing each network the differences are affected by the transform used to find the features.  

To compare the performance of the network combined with each type of transformation methods 

the accuracy of each one has been computed. 

 

%100*
beatstestingofnumberTotal

tionsclassificacorrectofnumberTotal
Accuracy                             (13) 
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Therefore, Table 4 is constructed to compare between the accuracy of different classification systems 

used in this work.  

 

Table 4 : Accuracy of each classification system   

 

Classification 

system  

Total number of 

testing beats  

Total number of 

correct 

classifications 

Accuracy  

FT-NN 879 596 67.80 % 

DCT-NN 879 815 92.72 % 

DWT-NN (Haar) 879 844 96.02 % 

DWT-NN (db4)  879 846 96.25 % 

SLT-NN 879 865 98.40 % 

 

 

 

CONCLUSSIONS  

 In this work different transformation methods are used to extract the features of the ECG beat. 

The pattern recognition system used to classify the ECG signals used these features as the input to the 

neural network classifier. The slantlet transform is one of the transformation methods used to extract 

the features of the ECG beat which make the recognition of the ECG beats more accurate.  

It can be concluded from this work, the transformation of the ECG signal from time domain to 

time-frequency domain gives better results than the transformation to frequency domain. This was clear 

in the results of the WT and SLT. The SLT is an orthogonal transform and provides improved time 

localization than WT, therefore it will improve the classification results. To improve the accuracy for 

the heart beat recognition system, five different transformation methods are applied to find the features 

of the signal and a suitable neural network used for the classification. The comparison of the accuracy 

of the SLT system with the four other systems used in this work gives a conclusion that the SLT 

system gives improved accuracy for the heart beat recognition.  
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ABSTRACT 

The verse (35) in SURA (AL- Nur) in the HOLY QURAN has inspired the author to 

look into the possibility of using Olive Oil as active dye laser material. Olive Oil 

which is classified as organic compound, having a good properties candidate it to be 

used as active dye laser material. The emission spectrum diagrams at some of 

absorption peaks (414, 536, 632 and 670) nm will be measured. These diagrams have 

been used to determine the Fluorescence quantum yield, Oscillator strength, Einstein 

coefficients for the spontaneous emission, Radiative and Fluorescence lifetime and 

absorption and cross sections. It has been found that fluorescence occurs at 669 nm 

for the entire absorption spectrum. Fluorescence of Olive Oil has been experimented 

using 30mW, 532nm semiconductor laser, with a beam diameter of 1.3mm. Red 

fluorescence has been noticed over a distance of 7cm in a glass container. 

KEYWORDS: olive oil, Fluorescence, dye laser. 

OLIVE OIL 

Olive Oil is an organic complex compound made of (Fatty acids, Glycerides, Sterols, 

Erythrodiol, Uvaol, Wax esters, Phenolic compounds, Aroma components, 

Tocopherols,Hydrocarbons, Aromatic Hydrocarbons, Xenobiotics, Unsaponifiable  matter, water 

soluble components and microscopic bits of olive) [1]. In this research when talking on using  

Olive Oil as a dye laser material meaning Olive Oil as a complex compound made of all the 

previous component not meaning one of the compounds that soluble in Olive Oil. A pure simple 

of Olive Oil with concentration 1 used in this research.   
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OLIVE OIL SPECTRUM  

The calculation of dye laser beginning by the absorption and emission diagram of the material. The 

absorption diagram of olive oil obtained by (shimadzu UV-1601PC spectrophotometer).  From 

absorption diagram figure 1 some absorption peaks chosen to taste the emission when excited at that 

peaks wavelength by (ELICO SL174 spectrofluorometer). The absorbance peak appear at selected 

wavelengths 414nm, 536nm, 632nm, 670nm and there emission peak when the material excited at 

that wavelengths shown in figures 2,3,4,5. From the emission peaks it could be seen that the 

maximum emission value appears when material excited at 670nm as shown in figure 5. Peak of 

emission to all selected absorbance wavelength being at 669nm. 

  

CALCULATION OF SOME BASIC DYE LASER PARAMETERS OF OLIVE OIL 

MATERIAL           

   From the previous absorption, emission diagrams value of Olive Oil laser parameters could be 

calculated 

 Assume that an incident beam of high energy photons of wavelength λa falls on a substance for a 

given time interval, and during that time, lower energy (fluorescence) photons are emitted by the 

substance. The quantum yield øf is then defined in [1]. 

 The oscillator strength of the absorption bands can also be calculated easily by the free-electron 

model. Transition moments along and normal to the long molecular axis are connected with the 

oscillator strength ƒ of the absorption band [1,2]                                                                                                                                                                      

 
And can be calculated using the electron gas wave functions of the eigenstates between which the 

transition occurs. The relative strengths of the x and y component also yield the orientation of the 

transition moment in the molecule.  

One finds good agreement on comparing the ƒ values obtained from the absorption spectrum of the 

dye using the relation  

                                                                                     (1) 

Where ε is the numerical value of the molar decadic extinction coefficient measured in liter/(cm • 

mole), and ύ is the numerical value of the wave number measured in cm
-1

[1,2]. 

The one process that is directly used in dye lasers is the radiative transition from the first excited 

singlet state S1 to the ground state G if this emission termed fluorescence occur spontaneously  its 

radiative lifetime  trf is connected with the Einstein coefficient for spontaneous emission A and the 

oscillator strength ƒ of the pertinent absorption band by eq.(2)                                             

                                                                        (2) 

Where μ is the refractive index of the solution, eo is the charge and m is the mass of the electron, c is 

the velocity of light, and ύ denotes the wave number of the centre of the absorption band. The 

radiative lifetime trf is typically of the order of a few nanoseconds. Generally, however, the 
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fluorescence spectrum is broad and shows considerable Stokes shift. In this case the radiative 

lifetime can be computed with the aid of eq.(3) 

                                                    (3) 

Where F(ύ) = dQ/dύ is the fluorescence spectrum (in quanta Q per wave number) and ε(ύ) is the 

molar decadic extinction coefficient.  

The fluorescence quantum yield is described by the ratio of the observed fluorescence lifetime  

and the calculated natural radiative lifetime  a.  In practice one usually knows and wants to gain 

knowledge about the actual fluorescence lifetime [3,4,5]. 

The absorption cross-section σa can be determined from the molar decadic extinction coefficient ε by 

eq.(4). 

 a=0.385x10
-20

x                                                                                                      (4) 

Where a is given in cm
2
, if ε is measured in liler/(mole • cm)[1]. 

 From the physical calculation used for liquid dye laser material, it could be found that these results 

give as a positive indication that Olive Oil could be used as a dye laser material where  the 

fluorescence quantum yield for the tested wavelengths ranged between (0.0248 and 0.9681) and this 

is a good range compared to other types of dye material, the radiative life time and fluorescence life 

time laying in a good range from micro seconds to mille seconds, suitable threshold pumping power 

and energy threshold compared to other laser types (Table1). The range of radiative life time, 

fluorescence life time and the normal value of threshold pumping power and energy threshold give 

wide range of suitable pumping sources that could be used.                                                   

 

EMISSION EXPERIMENT 

In this experiment has been found that when a green laser radiation at wave length 532nm and power 

30mw and beam diameter 1.3mm incident onto a glass container that contained Olive Oil red 

fluorescence noticed inside the Olive Oil and these properties could be noticed: 

 The red fluorescence did not appear instantaneously but there was a delay time which was 

less than one second.     

 2) The intensity of the red fluorescence varies directly with the intensity of the incident laser 

radiation.                                           .                                  

 The red fluorescence disappears when the intensity of the green laser radiation reduced to a 

17mw, which means that this value is the threshold which is needed to induce this 

fluorescence.                                                                 

 The red fluorescence vanishes after a distance 7cm inside the Olive Oil. 
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CONCLUSIONS 

 A new candidate laser material has been discovered this material is Olive Oil  

 Tow of Olive Oil organic compound (Linoleic , Linolenic)lye under condition that material 

classified according  to dye materials. 

 When Olive oil tested in the spectrofluorometer according to the peaks of the absorption 

diagram it will be obtained fluorescence peaks for each excited wavelength tested, all excited 

wavelength give an emission peak at wavelength 699 nm in different values. 

 From the Basic Dye Laser Parameters calculations used for liquid dye laser material, it could 

be found that these results give a positive indication that Olive Oil could be  used as a laser 

material compared to other types of dye materials as shown in table 1     

 A quenching material need to be add to the active medium in dye laser system but its not 

necessary to add a quenching material to Olive Oil because it have in nature dissolved 

oxygen in its organics compound which could be used as a quencher to  reduce triplet state 

effect. 

Table1. Typical values of photo-physical parameters for Olive Oil and some organic compounds 

 Pumping 

wavelength  
ƒ 

 
 ns  ns  s

-1 
cm

2 

 

O
li

v
e 

O
il

 414nm 1.1×10
-5

 0.0345 36×10
4
 1.264×10

4
 2.72×10

3
 5.594 × 10

-21
 

536nm 1.65×10
-7

 0.9681 2.58×10
7
 2.5×10

7
 38.680 2.429 × 10

-22
 

632nm 1.06×10
-8

 0.5689 3.03×10
8
 1.85×10

8
 3.06 1.885 × 10

-23
 

670nm 7.11×10
-7

 0.4563 3.963×10
6
 1.808×10

6
 252.36 1.472 × 10

-21
 

 

Rhodamine 6G (in 

water) 

0.55577 0.95 100 
5.4  

10
7
 0.5×10

-16
  

Rhodamine B 

(Methanol)  

0.310 0.62 6.1 
4.23 

2.36×10
8
 2.57×10

-16
 

Eosine 0.493089 0.67 1.3 2.58  7.61×10
8 

- 

Flourescein, 

ethanol  

1.35124 0.79 4.184 
3.036 

2.39×10
8
 

- 

 

Olive oil material can be used as a dye laser material because of : 

     *The condition for dye materials that its organic compound must have a   two π electron bound, or 

two double bound called conjugated or higherso material in this condition called dye material. Olive 

oil contained many organic compounds. Tow of its lye under dye material condition  

where these two compounds are: 

                  a)Linoleic polyunsaturated (two double bound) (C17H29COOH) or  CH3-(CH2)4-

CH=CH-CH2-CH=CH-(CH2)7-COOH   
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          b) Linolenic, which is polyunsaturated (three double bound) 

            

           So a condition to this olive oil could considered as a dye material compound.      
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Figure (1) Absorption diagram of Olive Oil 
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Figure (2) the absorbance peak appear at wavelength 414nm and its emission peak when the 

material excited at that wavelength 

 

 
Figure (3) the absorbance peak appear at wavelength 536nm and its emission peak when the 

material excited at that wavelength 
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Figure (4) the absorbance peak appear at wavelength 632nm and its emission peak when the 

material excited at that wavelength 

 

 
Figure (5) the absorbance peak appear at wavelength 669nm and its emission peak when the 

material excited at that wavelength 
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Figure (6) Olive Oil emission experiment 
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ABSTRACT 

In the construction of modern buildings, a network of pipes and ducts is necessary to accommodate 

essential services like water supply, sewage, air-conditioning, electricity, telephone, and computer 

network. Passing these services vertically required creating openings in slab (Flanges of T-Beams) 

after or before construction. 

New researches show that the concrete flanges provide a certain level of shear resistance above 

a certain width. Therefore, due to existing of these openings or cold joints in slab (Flange) and abrupt 

changes in the sectional configuration, opening corners are subject to high stress concentration that 

may lead to reduction in stiffness of the T-Beam and produced cracking and excessive deflection.  

In the present research, shear behavior of reinforced concrete T-Beams which contains vertical 

opening (Flange openings) or cold joints at the flanges are studied as well as the effect of openings or 

cold joints locations. Eight beams were tested, one of which were constructed without any openings or 

cold joints (reference beam), while, the others were constructed with openings or cold joints in 

different locations. 

Experimental results show that the presence of flange openings reduce the shear capacity about 

(22% to 32%) for beams containing one opening and about (17%-39%) for beams containing two 

openings. For beams containing cold joints, the shear capacity decreased about (27%) in comparison 

with reference beam.  

 

 الخلاصة

، وفً هعظن هذة الوٌشبث حكىى ٌعخبش ًظبم البلاطبث و العخببث هي اكثش الٌظن الوسخخذهت فً اًشبء الاسضٍبث و السمىف الخشسبًٍت

 (T)ا، ٌصبح همطع العخبت على شكل حشف زهي العخبت الحبهلت وهك( Integral Part)سضٍبث و السمىف جضءا هخكبهلا بلاطت الا

اًببٍب حجهٍض الوبء الصبفً او الخبسٍسبث الصحٍت او الكهشببئٍت او هٌظىهبث  شبكت الخذهٍت، هثل هذ هٌبن بعض الوخطلببث 

فً هعظن الحبلاث حخخشق هذة الشبكبث  البلاطبث الخشسبًٍت . كل طببك لسمف الخذفئت و الخبشٌذ حخطلب عول فخحبث ببلاحجبٍ العوىدي

ٌجعل وجىد هذة الفخحبث اهبكي هوب ( T)اث الومطعرلعخببث الخشسبًٍت الوسلحت فً ا ( Flange)عٌذ الاطشاف و الخً حوثل الشفت 

   .ضعف حخشكض فٍهب الاجهبداث

صٌبدة همبوهت المص فً العخببث الخشسبًٍت على ٌسبعذ بذسجت هعٌٍت ( Flanges)اثبخج الذساسبث الحذٌثت اى وجىد الشفت  

 .خشسبًٍت الوسلحت الوسخطٍلتعٌذ همبسًخهب هع العخببث ال( T)اث الومطعرالوسلحت 



A.H. Aziz                                                                                                  Effect Of Existing Flange Openings And Cold 

A.E. Ajeel                                                                                                Joints On Strength Of Rc  T-Beams 

 

 4536 

على سلىن المص فً العخببث الخشسبًٍت ( فً هٌطمت الشفت)و الوفبصل ااعذث هذة الذساست لخممٍن حبثٍش وجىد الفخحبث  

، كبًج العخبت (T)اث همطعر، حن اجشاء سلسلت هي الفحىصبث الوخخبشٌت على ثوبًٍت عخببث خشسبًٍت هسلحت (T)اث الومطعرالوسلحت 

 .او فخحبث فً هىالع هخخلفت اًشبئٍت  اهب البمٍت فكبًج ححخىي على هفبصل( العخبت الوشجعٍت)بذوى اٌت هفبصل او فخحبث  الاولى

 على فخحت واحذة فًالخً ححخىي فً العخببث   (%32-%22)مصبى فً همبوهت المص بحذود ًاظهشث الٌخبئج الوخخبشٌت  

 .الشفت على فخحخٍي فًالخً ححخىي فً العخببث   (%39-%17)وًمصبى بحذود  الشفت،

عٌذ ( %23)مصبى فً همبوهت المص بحذود ًاًشبئٍت، اظهشث الٌخبئج الوخخبشٌت   على هفبصلالخً ححخىي ببلٌسبت للعخببث  

 .همبسًخهب هع العخبت الوشجعٍت

KEY WORDS: T-Beam, Flange, Opening, Cold joints, Shear, Slab, Concrete 

 

INTRODUCTION 

Reinforced concrete system normally consists of slab and beams that is placed monolithically and as a 

result T-Beams (T-Shaped Beam) created and the two parts act together to resist the applied loads. 

In the construction of modern buildings, a network of pipes and ducts is necessary to 

accommodate essential services like water supply, sewage, air-conditioning, electricity, telephone, and 

computer network.  Usually, these pipes and ducts are placed underneath the beam soffit or penetrate 

vertically the slabs and, for aesthetic reasons, are covered by a suspended ceiling or by special 

decoration, Figure (1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1) Air Cooling Duct through the Slab (Flange) 

 
Passing these ducts through vertical  (or transverse) openings in the floor beams leads to a 

reduction in the dead space and results in a more compact design multiplied by the number of stories 

can represent a substantial saving in total height, length of air-conditioning and electrical ducts, 

plumbing risers, walls and partition surfaces, and overall load on the foundation.  

It is obvious that inclusion of openings in T-beams alters the simple beam behavior to a more 

complex one.  Due to abrupt changes in the sectional configuration, opening corners are subject to 

high stress concentration that may lead to cracking unacceptable from aesthetic and durability 

viewpoints.  

Since the strength of concrete in tension is considerably lower than its strength in compression, 

design for shear becomes of major importance in all types of concrete structures. 

The reduced stiffness of the beam may also give rise to excessive deflection under service load 

and result in a considerable redistribution of internal forces and moments in a continuous beam unless 

special reinforcement is provided in sufficient quantity with proper detailing, the strength and 

serviceability of such a beam may be seriously affected. 

Air Cooling Duct 

RC Beam 

Brick Wall 
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Several researches are interest in transverse openings (web openings) in the rectangular floor 

beams under the effect of flexural or torsion loads, (Mansure, M. A., 2006) and (Dainel H.R., and 

McMullen A.E, 1977). 

New researches show that the concrete flanges provide a certain level of shear resistance above 

a certain width, (Giaccio et. al., 2003). Also, the current codes of practice such as(ACI 318-08), do not 

include an increase in shear strength resulting from the inclusion of a flange. 

Generally, shear mode of failures are divided into four categories of failure and depends 

mainly on shear span to effective depth ratio, (Wang, C. K. and Salmon, C. G., 1994). The possible 

modes of failure are (1) Shear-tension failure; (2) Shear-compression failure; (3)
 
Flexural failure; (4) 

Arch-rib failure. 

In the present research, shear behavior of reinforced concrete T-Beams which contains vertical 

opening (Flange openings) or cold joints at the flanges will be studied as will as the effect of openings 

or cold joints locations.  

 

EXPERIMENTAL STUDY 

 

Experimental Program  

Tests were carried out on eight T-Shaped beams, simply supported under the effect of single point 

loading. All beam specimens were reinforced with tension (flexural) bars at bottom. To eliminate the 

shear resisting contribution of stirrups and to ensure the specimens to fail in shear mode of failure, the 

tested beams were made without shear reinforcement (stirrups).  

  The variables were the number and location of slab (flange) openings and cold joints. The 

span, cross-section, concrete strength, and reinforcement were kept constant for all tested specimens. 

 

Specimen Details 

Each beam is designated in a way to indicate the T-Shaped beam, the dimensions and properties of 

tested specimens are shown in Table (1) and Figure (2), the locations of cold joints and openings are 

shown in Figure (3). Based on the classification presented by (Wang, C. K. and Salmon, C. G., 1994), 

all tested beams are classified as short beams (1 a/d 2.5). 

 

Table (1) Properties of Test Beams 

 
Beam 

Designation 

Dimensions (mm) 

a/d 

 

Reinforcement Number and Location of 

Openings or cold joints 
bf tf tw h 

TB-1* 

 

220 

 

50 

 

60 

 

250 

 

2.17 

 

2 8 

None 

TB-2 One opening at L/3 (350mm) 

from the beam edge 

TB-3 Two adjacent openings at L/3 

(350mm) from the beam edge 

TB-4 Two opposite openings at L/3 

(350mm) from the beam edge 

TB-5 One opening at L/2 (500mm) 

from the beam edge 
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TB-6 Two adjacent openings at L/2 

(500mm) from the beam edge 

TB-7 One cold joint at L/3 (350mm) 

from the beam edge 

TB-8 Two opposite cold joints at L/3 

(350mm) from the beam edge 

* Reference Beam (T-Beam without Openings or Cold joints) 

** Diameter of Opening is (50mm) 

 

 

 

 

 

 

 

Fig. (2) Dimensions and Details of Tested T-Beams 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3) Locations of Cold joints and Openings (Top View) 

  
Materials 

In manufacturing the test specimens, the properties and description of used materials are reported and 

presented in Table (2); and the concrete mix proportions are reported and presented in Table (3). 

 

TB-2 TB-3 TB-4 TB-5 TB-6 TB-7 TB-8 

a = 450mm 

 

Pu 
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Table (2) Description of Construction Materials 

 

Material Descriptions 

Cement Ordinary Portland Cement (Type I) 

Sand Natural sand from Al-Ukhaider region with maximum size of (4.75mm) 

Gravel Crushed gravel with maximum size of (12mm) 

Reinforcing Bars ( 8 mm) deformed steel bars, having (424 MPa) yield strength (fy) 

Water Clean tap water 

 

Table (3) Proportions of Concrete Mix 

 

Parameter Quantity 

Water/cement ratio 0.45 

Water (Liter) 168 

Cement (kg/m
3
) 420 

Fine Aggregate (kg/m
3
) 600 

Coarse Aggregate (kg/m
3
) 1200 

 

Test Measurements and Instrumentation 

Hydraulic universal testing machine (MFL system) was used to test the beams specimens as well as 

control specimens. Central deflection has been measured by means of (0.01mm) accuracy dial gauge 

(ELE type) and (30mm) capacity. The dial gauges were placed underneath the bottom face of each span 

at mid. 

 

Test Results of Specimens 

Test results of mechanical properties of specimens are summarized in Table (4). Compressive strength 

for cylinders was carried out on concrete with ASTM-C39. Tensile strength (Split cylinder) test were 

carried out in accordance with ASTM-C496 and tensile strength in flexural (modulus of rupture) were 

carried out in accordance with   ASTM-C78 

 

Table (4) Mechanical Properties of Concrete 

 

Property  (MPa) Value 

Cylinder compressive strength (
'
cf )* 32 

Split cylinder ( ctf )** 3.5 

Modulus of rupture ( rf )*** 3.3 

*Average of three samples by using (152x305mm) cylinders.  ** Average of three samples by using (152x305mm) cylinders. 

*** Average of three samples by using (100x100x500mm) prisms. 
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Test Procedure 

All slab specimens were tested using universal testing machine (MFL system) with monotonic loading 

to ultimate states. The tested beams were simply supported over an effective span of (900mm) and 

loaded with a single-point load; Figure (4) shows the setup of beam specimens. 

The beams have been tested at ages of (28) days. The beam specimens were placed on the testing 

machine and adjusted so that the centerline, supports, point load and dial gauge were in their correct or 

best locations. 

Loading was applied slowly in successive increments. At the end of each load increment, 

observations and measurements were recorded for the mid-span deflection and crack development and 

propagation on the beam surface.  

When the beams reached advanced stage of loading, smaller increments were applied until 

failure. They fail abruptly without warning (sudden failure) and the diagonal cracks that develop 

becomes wider and as a result, the load indicator stopped recording any more and the deflections 

increased very fast without any increase in applied load.  

The developments of cracks (crack pattern) were marked with a pencil at each load increment. 

 

 

  

 

 

 

 

 

 

 
Fig. (4) Setup of T-Beam specimens 

 

 

RESULTS AND DISCUSSION  

As mentioned before, the main objectives of this study are to examine or assess the shear behavior of 

reinforced concrete T-shaped beams containing openings or cold joints at different locations of beams 

flanges. 

During the experimental work, ultimate loads, load versus deflection at mid-span for each beam 

were recorded. Photographs for the tested beams are taken to show the crack pattern and some other 

details. 

The recorded data, general behavior and test observations are reported as well as recognizing 

the effects of various parameters on the shear behavior. 

 

General Behavior 

Photographs of the tested beams are shown in Figure (5) and test results are given in Table (5). All 

beams of this category were designed to fail in shear, which was characterized by sudden failure and 

diagonal wide cracks which extended from supports towards the load or openings or cold joints 

locations. The general behavior of the tested beams can be described as follows: 
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At early stages of loading, several cracks initiated in the mid span of tested beams (flexural 

cracks), with further loading, these cracks extended upwards and became wider in shear span. One or 

more cracks propagated faster than the others and reached the compression flange (near applied load or 

openings or cold joints), where crushing of the concrete near the positions of applied loads had 

occurred due to high concentrated stresses under load and presence of weak locations in the flange        

( openings or cold joints ). 

 

As expected, the main cracks (diagonal cracks) for all tested beams commenced at the shear 

span and all beams exhibited sudden failure. It is may be noted that, at advanced stage of loading, some 

parts of tested T-Beams were crushed and subjected to defragmentation , this is may be due to high 

concentrated of stresses and absents of  steel reinforcement to hold these parts in the transverse 

direction.  

  

Mode of Failure  

The experimental evidences show that the diagonal cracks extended horizontally along the tension 

reinforcement and  eventually, the failure take place due to crushing failure in the concrete near the 

compression face (near applied load) and this mode of failure called “Shear-Compression” failure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5) Crack Patterns for T-Beams 
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Ultimate Strength (Pu) 

The recorded ultimate loads of the tested beams are presented in Table (5). As expected, test results 

show that the reference beams (TB-1) has the maximum ultimate strength in comparison with the rest 

beams. This may be due to combination of ability of flanges to sustain larger compressive force at 

advanced stages of loading and absent of any leak (openings or joints) in the flange. The compression 

flanges can carry any load increment prior to failure, and this depends mainly on the ultimate 

compressive strength of the concrete in the flange. 

        For tested beams (TB-2) and (TB-5), which had one opening in flanges, the decreased in shear 

strength was (22%-32%). The presence of openings in compression flange lead to decrease the stiffness 

of tested beams, and this leads to an decrease in carrying capacity.  

        For tested beams (TB-3), (TB-4) and (TB-6), which had two openings in flanges, the decrease in 

shear strength were (39%), (17%) and (17%) respectively.  

For tested beams (TB-7) and (TB-8), which had one or two cold joints in flanges, the decrease in 

strength was (27%), which indicated that an increase in number of cold joints (adding another cold 

joint in opposite direction) not affected on the reduction of ultimate capacity.    

         Generally, it can be seen that the tested beams containing a certain number of openings or cold 

joints in the flanges exhibit smaller ultimate strength than other beams (which made fully without any 

openings). 

 

 

Table (5) Ultimate Loads and Mode of Failure of Tested Beams 

 

Specimens 

Designation 
 

Ultimate Load (Pu) 

(kN) 

Shear Force (kN) 
Mode of Failure 

Vu (Vu)i/ Vu 

TB-1 * 41 20.5 1 

Shear-Compression Failure 

 

TB-2 32 16 0.78 

TB-3 25 12.5 0.61 

TB-4 34 17 0.83 

TB-5 28 14 0.68 

TB-6 34 17 0.83 

TB-7 30 15 0.73 

TB-8 30 15 0.73 

* Reference Beam, Vu =20.5 kN            

 

Effect of Openings and Cold joints on Ultimate Strength  

As shown in Table (5), presence of openings or cold joints in compression flange lead to decreases the 

stiffness of tested beams due to removed concrete parts, and this leads to decrease in carrying capacity. 

Due to abrupt changes in the sectional configuration, opening corners are subject to high stress 

concentration that may lead to reduction in stiffness of the T-Beam and produced cracking and 

excessive deflection, see Figures (6) and (7).  
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Effect of Openings and Cold joints location on Ultimate Strength  

As shown in Table (5), when the flange’s opening shifted from (L/3) to (L/2) (see TB-2 and TB-5), the 

ultimate shear strength decreased from (22%) to (32%). When the openings shifted towards the applied 

load (from (L/3) to (L/2)), rapid progressive of cracks were take place due to passing of openings 

directly within the path of diagonal cracks. 

 The decreasing in ultimate load was (27%) for both (TB-7) and (TB-8), which have one and 

two cold joints respectively. This means that the location of cold joint not affected on ultimate capacity 

of tested beams. 

 

Deflections 

Load-deflection curves of the tested beams at mid-span at all stages of loading up to failure are 

constructed and shown in Figures (6) and (7). 

    As shown in Figures, at the beginning, all curves were identical and the tested beams exhibited linear 

behavior and the initial change of slope of the load-deflection curves occurred between (6 kN to 15kN), 

which may be indicated the first crack loads. Beyond the first crack loading, each beam behaved in a 

certain manner. Behavior of reference T-Beam (TB-1) exhibited greater loads and deflections in 

comparison with the other beams. This beam had the greatest stiffness due to absent of openings and 

cold joints in flange. 

        Load-deflection curves for the tested beams (TB-2, TB-3, TB-4, TB-5 and TB-6) exhibits smooth 

increase in both applied loads and deflections. Presence of flange openings caused decreasing in the 

load carrying capacity beyond the first cracking and this was reflected on the corresponding 

deflections. For T-Beams (TB-7 and TB-8), slight increase in ultimate deflection of beam (TB-8) was 

observed by comparing with (TB-7). This is may be due to presence of two cold joints in the beam 

(TB-8) which lead to decreasing of beam stiffness and as a result, slight increases in deflection take 

place. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6) Load-Deflection Relationship of tested Beams containing Openings 
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Fig. (7) Load-Deflection Relationship of tested Beams containing cold joints 

 

CONCLUSIONS 

Based on the results obtained by the experimental work, the following conclusions are presented:- 

 

 For tested beams with one opening in flange, the ultimate strengths were decreased (22%) and (32%) 

for beams containing one opening at distance (L/3) and (L/2) from edges respectively. Also, the 

change in openings locations from edge toward the center lead to decrease the carrying capacity for 

about (10%). Presence of openings lead to concentrated of stress around their hollow and caused 

decreasing in the load carrying capacity. This evidence shows the contribution of flanges to increase 

the ultimate shear capacity of T-Beams in comparison with rectangular sections.  

 

 For tested beams which have two openings in flange, the ultimate shear strengths were decreased 

(17%) and (39%). This marginal difference in ultimate strengths (in comparison with tested beams 

with one opening in flange) may be due to subjected of compression flange degree of stress 

concentration.   

 

 Experimental results shows that the decreasing in ultimate load was (27%) for both (TB-7) and   (TB-

8), which have one and two cold joints respectively. This means that the location of cold joint not 

affected on the ultimate capacity of tested beams. 

 

 4-In all tested beams, the crack path forced to passing through the weak locations (locations of 

openings or cold joints). Therefore, in design, special details most be added at these locations.  
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NOTATION 

a = Shear Span; 

bf = Flange width;         

d = Effective depth of T-Beam; 

'
cf = Cylinder compressive strength of concrete; 

ctf = Indirect tensile strength (splitting tensile strength); 
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rf = Flexural tensile strength of concrete (modulus of rupture); 

f y = Yield strength of steel; 

h = Total depth of T-Beam;   

L = Effective Span 

Pu = Ultimate load; 

tf = Flange thickness;  

tw= Web thickness;  

Vu= Ultimate Shear Force; 

(Vu)i= Ultimate Shear Force of a certain beam; 

ф = Reinforced bar diameter; 
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EXPERIMENTAL STUDY FOR OXIDATION OF PHENOL BY 

FENTONS REAGENT 
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ABSTRACT 

 The oxidation of phenol in aqueous solution was studied at atmospheric pressure in a batch 

reactor. Fenton reaction was used to degrade this component. Phenol (50 - 100 ppm) oxidation  was 

carried out in the acidic medium range of (pH=2.7 - 5.8) under mild conditions of temperature (28 - 

48°C), stochiometric excess percentage of H2O2 (S.EH2O2%) of (0 - 100%), and Fe(II) to phenol 

concentrations ratio of (0 - 0.63). The results indicate that the oxidation by Fenton reaction was an 

efficient method to eliminate phenol, also the amount of catalyst and temperature had the large 

effect on the phenol degradation. Finally the simple kinetic model for the reaction was established. 

 

                                                                                                                                                      الخلاصة
هلددهلادد فل نددت  فلفٌادد ىلف ددام ه ليو ت.لرف ددا تل  دد لفياددوملفي دد علفددالهنت دد ل ف ددافددالفي  ددملفيوددت ال ودد ل أكسدد الفينوٌدد  ل

  د لردرسمله ا يددهلهديل رجددتفل(ل0.5-7.2)لددويللفدالس ددملضتهادالأكسد   ل ودد (لجددسبللدتيولو ىل055-05)فينوٌد  ل.لفيوركد 

مل85-75)لضرفرا
ο
سًسبهلأي ىلفي  ي لفيثٌدت الفيد لل%(055-5)لنت اهل يلفيانت  كووهللورسكسو لفي و رسجويلفيسفيٌسبهلفيوئ يهلي(ل

كوتللوٌد لفىلكوودهل,لفىلأكس الفينوٌ  للت ام فمل نت  فلفٌا ىلاال ولوهلكنؤاليلاملصلهيلفينوٌ  للوٌ لفيٌات ج.ل(0..5-5)فينوٌ  ل

للللل. دنلسعدمله  يد لهبسدملي رف دهلضركودهلفيانت د أخودرفل.لينوٌد  فلأزفيده ل ل ولوهللكبورلفرالي وتل أثوررفي ته لفيوست  لس رجهلفي 

لللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللللل  

INTRODUCTION 

 In situ chemical oxidation is an evolving technology that involves the introduction of 

chemical oxidants into subsurface soil and groundwater to destroy organic contaminants. This 

technology has promise when the contamination is amenable to mineralization to carbon dioxide 

and water or oxidation to a relatively less harmful form that may then be suitable for subsequent 

treatment. Selection of oxidation as an appropriate technology and the oxidant is dependent on the 

nature and type of contaminant, the level of remediation required, viability of oxidant delivery, soil 

conditions and hydrogeology of the site (Kluck and Achari 2003). 

 The development of novel treatment methods encompasses investigations of advanced 

oxidation processes (AOPs), which are characterized by production of the hydroxyl radical (OH
•
) 

as a primary oxidant (Barbusiński 2005). Hydroxyl radicals are highly reactive and nonselective 

oxidations being able to decompose many organic compounds (Hu et al. 2002).This ability is 

enhanced by the presence of compounds able to activate the radical decomposition mechanisms 

(Chedeville et al. 2005). Fenton reaction hypothesis postulated that hydroxyl radical was the 

effective oxidation reagent in this reaction (Ricciardi 2006). Fenton reagent is a mixture of H2O2 

and ferrous iron, which generates hydroxyl radical according to the reaction below: 

  

Fe
2+

 +  H2O2  →  Fe
3+

   +  HO
•
 +  OH

-
                                                  (1)  
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The ferrous iron initiates and catalyzes the decomposition of H2O2, resulting in the generation of 

hydroxyl radical. The generation of hydroxyl radical involves a completely reaction sequence in an 

aqueous solution (Farrokhi et al. 2003).  

The use of Fe(II)/H2O2 as an oxidant for waste water treatment is attractive due to the facts 

that:(1)iron is a highly abundant and non-toxic element, and (2)hydrogen peroxide is easy to handle 

and environmentally benign (Munter 2001). Factors that influence Fenton processes are pH, 

contaminant character and concentration, Fe(II) concentration, hydrogen peroxide quantity required 

for complete oxidation and temperature (Paradowska 2004). 

 The optimum pH of Fenton oxidations is usually reported in the acidic range between 2 and 

4. Groundwater and soil may posses a high buffer capacity. Therefore, the necessity to acidify the 

reaction medium limits the applicability of the Fenton process in environmental technology. The 

mean reason for the low reactivity at circumneutral pH is the precipitation of Fe(III) as hydrous 

oxyhydroxides Fe2O3.nH2O which inhibits the recycling process of Fe(III)/Fe(II) (Georgi et al. 

2006). 

The stoichiometric amount of H2O2 required for the total oxidation of phenol was calculated 

by using eq. (2) ( Feng, and Le-cheng 2004). 

 

C6H6O + 14H2O2 → 6CO2 + 17H2O                                                              (2) 

 

In the kinetic study the results were obtained at different temperatures, S.E.H2O2% and 

[Fe
2+

]0/[Ph]0 were used. If Fenton's reaction as mentioned by former researchers (Feng, and Le-

cheng 2004, Parjan Singh 2006, Kwan 2003, and Alegría et al. 2003) was pseudo-first order, then 

the mention integral rate equation can be described by the eq. (3): 

 

 
 
 

tK
Ph

Ph
obs.

0ln                                                                                                                      (3) 

 

At these different conditions the pseudo-first order rate constants (Kobs.) were obtained from 

plotting ln [Ph]0/[Ph] vs. t as shown in Fig. 7. 

In this study, the expression of Kobs. can incorporate the effect of H2O2 and Fe(II) in 

addition to temperature effect and as follows: 

 

    







 

RT

Ea
EXPFeOHkKobs



0

2

0220.                                                                                  (4) 

 

To calculate the values of Kobs., α, β, and Ea eq. (4) must be linearized in the following way: 

 

    
RT

Ea
FeOHkKobs  

0

2

0220. lnlnlnln                                                                   (5) 

 

 This work deals with phenol oxidation in aqueous phase using Fenton reaction and aims to 

quantify the influence of feed solution acidity (pH), hydrogen peroxide stochiometric excess 

percent (S.EH2O2%), iron to phenol concentration ratio, initial phenol concentration, and 

temperature. The reaction kinetic was also studied.                        
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EXPERIMENTAL 

Materials 

Phenol with 99.5% purity was chosen as wastewater model compound and was purchased 

from Griffin. Ferrous sulphate (FeSO4.7H2O) with 99% purity was used as catalyst was purchased 

from BDH chemical LTD. Hydrogen peroxide with 99.5% purity was used as oxidizing agent was 

purchased from Keny chemicals-company. Sulfuric acid 95.97% purity was purchased from Fluka 

was used to adjust solutions acidity. All chemical work was carried out using distilled water. 

 

Experimental Set-up And Procedure 

 All oxidation runs were conducted using three-neck Pyrex round–bottle flask (500 ml). One 

neck was used for introducing the reactants solutions and the catalyst as well as taking out the 

samples by Syringe. Through the second and third necks quick fit thermometer and reflux 

condenser were fixed. The flask was heated with a hot plate stirred magnetically (T.Jlassco (India), 

magnetic stirrer with hot plate), as illustrated in Fig. 1. 

A volume of 500 ml of phenol solution were filled into the reaction vessel. By adding 1M H2SO4 

the solutions were adjusted to pH 2.7, 3.7 and 4.7 to keep the medium in the acidic range. 

Afterwards the appropriate amount of Fe(II) was added. The hydrogen peroxide was introduced in 

appropriate amount to start the reaction at the suitable temperature. The liquid samples were taken 

periodically and immediately filtrated and analyzed. 

 

Samples Analysis 

 Phenol concentration in the outlet samples was analyzed using Shimadzu model UV-160A 

ultraviolet/visible spectrophotometer. Prior to each oxidation experiment the phenol calibration 

curve of UV spectrophotometer was checked to correct deviation in the peak height, which may be 

occurred. 

 Phenol calibration curve was made by taking samples of phenol solutions in the 

concentration range of 0.5 to 50 ppm and measured the absorbency against each concentration, and 

then plotting concentrations values against them absorbency in the UV spectrophotometer device. 

When the sample of unknown phenol concentration input to this device, it would immediately gave 

that concentration.    

 

RESULTS AND DISCUSSION 

Effect Of pH Solution 

 The degradation of phenol at three different feed solution pH of 5.8, 4.7, 3.7 and 2.7 was 

studied at constant other variables: S.E.H2O2% of 0%, [Fe
2+

]0/[Ph]0 of 0.42, temperature of 28
o
C, 

and initial phenol concentration of 50 ppm, as illustrated in Fig. 2. 

 The study was indicated that phenol degradation was improved at the most acidic medium 

(pH=2.7).Thus, at pH=2.7 the remaining phenol concentration was 4.4 ppm , while equal to 9.3, 

10.1, and 10.4 ppm at for the pH 3.7, 4.7, and 5.9 respectively.  Also, in the solutions with pH 5.8, 

4.7 and 3.7 a precipitation of Fe(III) presumably as hydrous oxyhydroxide FeSO3.nH2O was 

observed. In contrast, no precipitation occurred in the reaction solutions with pH 2.7. These results 

can be attributed due to low solubility of Fe
3+

 for pH higher than 3, which causes formation of Fe 

complexes and precipitate as hydrous oxyhydroxides FeSO3.nH2O which inhibits the recycling 

process of Fe(III)/Fe(II) that can decrease the efficiency of the catalyst as represented in the 

reaction: 
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 Fe
3+

  +  H2O2  +  H2O↔  FeOOH
2+

  +  H3O
+
                                                  (6) 

 

 Also the acidic pH favors the formation of a stable and electrophilic structure via a solvation 

of a proton by an H2O2 molecule. These results were in agreement with Feng and Le-cheng 2004, 

and Kwan 2003. 

 

Effect Of Hydrogen Peroxide Stochiometric Excess Percent (S.E.H2O2%) 

 

 The degradation of phenol at four different S.E.H2O2% of 0%, 50% and 100% was studied at 

constant other variables: pH of 2.7, [Fe
2+

]0/ [Ph]0 of 0.42, temperature of 28
o
C, and initial phenol 

concentration of 50 ppm, as illustrated in Fig. 3. It can be seen that the remaining phenol 

concentrations of 4.4, 3.7, and 3.6 ppm were achieved when S.E.H2O2% equal to 0%, 50%, and 

100% respectively. 

 A significant enhancement of phenol degradation was observed when S.E.H2O2% was 

increased from 0% to 100%. It’s significant to know that the oxidant H2O2 should be added in an 

optimal dosage for the reaction due to H2O2 itself act as a scavenger of HO
•
 radical at high oxidant 

concentration, as represented by the reaction: 

  

 HO
•
  +  H2O2  →  H2O  +  HO

•
2                                                   (7) 

 

 Through parallel undesired reaction, the extra H2O2 moles will compete with phenol for the 

HO
•
. The radicals (HO

•
2) are the result of this competitive reaction which are less reactive than HO

•
 

radicals and their reaction with organic dissolved carbon is negligible. . These results were in 

agreement with Chedeville et al. 2005, Feng and Le-cheng 2004, and Paradowska 2004. 

 

Effect Of Fe
2+

 To Phenol Concentration Ratio [Fe
2+

]0/[Ph]0  

 The degradation of phenol at three different values of [Fe
2+

]0/[Ph]0  0.21, 0.42 and 0.63 was 

studied at constant other variables: pH of 2.7, S.E.H2O2% of 50%, temperature of 28
o
C, and initial 

phenol concentration of 50 ppm, as illustrated in Fig. 4, in addition, the run without Fe
2+

 at the 

same above variables was carried out to demonstrated the importance of present Fe
2+

 ions when 

using H2O2 as oxidant. As clear in the Fig. 4 phenol concentration reaches to 3 ppm when 

[Fe
2+

]0/[Ph]0 was 0.63, but at [Fe
2+

]0/[Ph]0 equal to 0, 0.21, and 0.42 phenol concentrations were 

47.2, 22.2, and 3.7 ppm respectively. 

 That considerable influence of Fe
2+

 concentration on the phenol elimination, because more 

radicals are produced, thus leading to a faster degradation. . These results were in agreement with 

Chedeville et al. 2005, and Feng and Le-cheng 2004. 

 

Effect Of Temperature  

 The degradation of phenol at three different temperatures of 28, 38, and 48
o
C was studied at 

constant other variables: pH of 2.7, S.E.H2O2% of 50%, [Fe
2+

]0/[Ph]0 of 0.63, and initial phenol 

concentration of 50 ppm, as illustrated in Fig. 5. This figure shows that at 48
o
C, phenol 

concentration was 0.2 ppm, while at 38, and 28
o
C phenol concentrations were 1.09, and 3 ppm. 

 The temperature showed a strong effect on the phenol elimination. This kind of effect was 

expected because it’s known that kinetic constant (either for phenol decomposition, radicals 

formation or iron regeneration) have exponential dependency with reaction temperature (Arrhenius 

law) and this has also been reported by other authors (Chedeville et al. 2005, and Paradowska 

2004). 
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Effect Of Initial Phenol Concentration 

 The degradation of phenol at three different initial phenol concentrations of 50, 75, and 100 

ppm was studied at constant other variables: pH of 2.7, S.E.H2O2% of 50% , [Fe
2+

]0/[Ph]0 of 0.63, 

and temperature of 28
o
C. It can be seen from Fig. 6 that the remaining phenol concentrations were 

6.8 and 10.6 ppm when initial phenol concentrations were 75, and 100 ppm, while its 3 ppm when 

initial phenol concentration was 50 ppm. This study showed nonlinear dependence on phenol initial 

concentration and is somewhat decreased when it concentration is increased. When phenol 

concentration increased, the intermediate components result throughout reaction
 
pathway increased 

too, and competed with phenol for the HO
• 
at this conditions which were considered the best for 50 

ppm phenol concentration. These results were in agreement with Chedeville et al. 2005, and Feng 

and Le-cheng 2004. 

 
Kinetic Model 

 The analysis curves indicate the pseudo-first order with respect to phenol concentration and 

0.01 and 0.25 orders with respect to H2O2 and Fe(II) concentrations respectively. The orders of 

H2O2 and Fe(II) demonstrated the null and considerable effects of them respectively. While the 

activation energy was been 810
3
 J/mol. And frequency factor was 210

17
. This result was agreed 

with findings of other studies were conducted (Parjan Singh 2006, and Alegría et al. 2003). 

 

      PhFeOH
RT

EXPrA

25.0

0

201.0

022

3
17 108

102 








 
                                                         (8) 

 

CONCLUSIONS 

 The results obtained in the chosen field of study confirm that the oxidation by Fenton’s 

reaction in an efficient method for phenol degradation in the acidic medium, so where the lowest 

remining phenol concentration (0.2 ppm) was achieved under the conditions of [pH of 2.7, 

S.E.H2O2% of 50%, [Fe
2+

]0/[Ph]0 of 0.63, temperature of 48
o
C, and initial phenol concentration of 50 

ppm,. These results suggested that catalyst amount and reaction temperature were the predominant 

factors on the process, while the S.E.H2O2% and phenol initial concentration effects were relatively 

null. 

 Kinetic study showed that the reaction was 1, 0.25, and 0.01 orders with respect to phenol, 

Fe(II), and H2O2 concentrations respectively, with 810
3
 J/mol. activation energy and 210

17
 

frequency factor. 
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NOMENCLATURE 
 

[Fe
2+

]0  Fe(II) initial concentration (mol./l). 

[H2O2]0 H2O2 initial concentration (mol./l). 

[Ph]0  The initial phenol concentration (mol./l). 

[Ph]   The phenol concentration after a time interval t, (mol./l). 

Ea  The activation energy (J/mol.). 

k0   The frequency factor (case dependent units). 

Kobs  The pseudo-first order rate constant. 

R  The universal gas constant, 8.314 (J/mol.K). 

S.E.H2O2% Stochiometric Excess Percent.  

T  Temperature (K).                            

T   Time (min.).               

α  H2O2 order. 

β  Fe(II) order.  
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Fig. (1), Experimental set up of study 

Fig. 2, Effect of feed solution pH. 
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Fig. 4, Effect of Fe
2+

 to phenol  concentration ratio. 
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Fig. 5, Effect of temperature. 
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Fig. 6, Effect of initial phenol concentration. 
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Fig. 7, ln[Ph]0/[Ph] versus time at various conditions. 
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ABSTRACT 

 In this paper ,a new idea to combine Adjusted Step Size Least Mean Square (ASSLMS) algorithm 

with standard LMS active tap detection technique is presented .Then the combined method is used 

for estimating  unknown time-invariant (stationary) and time varying (non- stationary) Finite 

Impulse Response (FIR) channel for adaptive noise cancellation (ANC) application. The focus of 

this paper is to improve the convergence rate and low level of the error in the steady state for the 

popular LMS adaptive filter. The simulation results have shown improvement on the convergence 

rate using the combined technique over both the ASSLMS algorithm and standard LMS active tap 

detection technique if they are used alone.  

 

 

KEYWORS: Adaptive Noise Cancellation, Active Tap Detecting Technique, Adjusted step 

size LMS algorithm. 

 

دمج خوارزميت اقم معذل نهتربيع راث معامم انخطوة انمتغير زمنيا مع تقنيت كشف الاوزان 

 انفعانت نمنظومت انغاء انضوضاء انمتكيفت
-:مهخص انبحث   

قعٍدت شفدا ازاساا الاعللدت فكزة جدٌدة لدمج خوارسمٍت اقل معدد  لترزيٍدذ تاث معلمدل الة دوة الررزٍدز سمعٍدل مدذ  هذا البحث ٌقدم 

 م   بٍق هذه الاكزة عتى معظومت الزلء الضوضلء الرركٍات القعلة غٍز مرزٍزة مدذ الدشمو اشدذل  . الرً  كوا قٍررهل ز سلاي صاز 

مدو خد   يدزامج الرحلشدلة يلادرةدام الحلادول  دم الح دو  عتدى عردل ج مفد عت " .  م   بٍقهل  مذ قعلة اخدز   كدوا مرزٍدزة سمعٍدل

الرحسو فدً ازااء شدلا مدو خد   الح دو  عتدى . جٍدة مقلرعت مذ  ت   الرسرةت ت فٍرل لو  م اارةدام ال زق اعات الذشز لوحدهل ا

عردل (  ٍدت عهلالرزحتدت الاا)ازعت عللٍت فً اااء الزلء الضوضلء االح و  عتدى اقدل مسدرو  زةدلرة الة دلء فدً حللدت اادرقزار 

 .الرعظومت 

 

 

 

INTRODUCTION 

Adaptive Noise Cancellation (ANC) system is regarded as one of the method used for signal 

(speech) enhancement and attempts to reduce the additive noise which may arise from different 

sources. Noise canceling is an adaptive system that makes use of an auxiliary or reference input as 

shown in Fig.1 [Bernard Widrow, Samuel D. Strearns]. 
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In this Fig., ANC has two inputs called primary and reference inputs. The reference input (n1) is 

filtered using adaptive FIR filter and subtracted from a primary input which is containing both 

desired signal and the noise (s+no). As a result the primary noise is attenuated or eliminated by 

cancellation and the output signal is called error signal (e). The signal (no) represents the noise that 

is filtered through the noise channel path a(n) which it is considered as FIR filter in this paper. This 

noise path channel has impulse response which may be stationary or non-stationary time varying. 

Filtering and subtraction of the ANC system must be controlled by an appropriate adaptive process 

that uses the error signal  in order to obtain noise reduction with little risk of distorting the signal or 

increasing the noise level [Bernard Widrow, Samuel D. Strearns]. Many algorithms are used by 

ANC to adjust their impulse response. The LMS algorithm is regarded as a special case of the 

gradient search algorithm which was developed by Widrow and Hoff in 1959 [Bernard Widrow, 

Samuel D. Strearns]. This algorithm is often used for the adaptation of the ANC system because it 

is easy to implement and requires small number of calculations. But this algorithm suffers from 

slow convergence since the convergence time of LMS algorithm is inversely proportional to the 

step size [Bernard Widrow, Samuel D. Strearns]. However if large step size is selected then fast 

convergence will be obtained but this selection results in deterioration of the steady state 

performance (i.e. increased the misadjustment (error level)). Also if the channel to be estimated is 

time varying the LMS algorithm fails to track this type of channel. The LMS has also been cited 

and worked upon by many researchers and several modifications have been applied to it in order to 

optimize its performance for particular applications. Numerous modifications of the LMS algorithm 

have been reported [,S.K., G. Zeng, J.J. Chen, R.R. Priemer , Bozo K. ,Zdravko U. , and Ljubisa S., 

and R.H.Kang, E.W.Johnstone]. In these works, the  optimization issue  concerning  the  step  size 

is discussed, and several methods  of  varying  the  step  size to improve performance of the LMS 

algorithm especially in time varying environments are proposed. One of these modifications is to 

use adjusted step size LMS algorithm as proposed by [M.J. Al-Kindi , A.K. Al-Samarrie, and Th.M. 

Al-Anbakee ]. Our proposed algorithm is called ASSLMS algorithm which is used for ANC 

application . Another modification of LMS algorithm is proposed by Dr.J. Homer [J. Homer] .He 

proposed active tap detection LMS technique for white inputs and invariant time channel .Then 

several improvements of this technique (i.e. active tap detection technique) are reported in order to 

improve the performance of this technique especially in non-stationary environments [Charles 

Q.Hoang, Boon L.Chock , Vanessa Edward , and Long Le, Ozgu Ozun, and Phiipp Steurer]. This 

paper is organized as follows; first the concept of active tap detection LMS algorithm will be 

present, then ASSLMS algorithm will be present. After that, simulation results with different 

conditions will be present. Then this paper will enclose by the conclusions. 
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  FUNDAMENTAL OF THE LMS ALGORITHM 

Basically, the idea for the adaptive transversal filter (or FIR) is to model the noise path channel and 

attempt to match it. The tap delay line structure for the unknown modeled channel, which gives the 

desired response, is shown below in Fig.2. 

 

The weights or the impulse response of the noise path is given as: 

                  Wk=[wo  w1   w2   w3  …….wn-1 ]                                   (1)  

where  n is the tap length, k is the time index. There is also the estimator ( or  adaptive filter) that 

has a similar structure:  

                   W
^
k=[w

^
 o  w

^
 1   w

^
 2   w

^
 3  …….w

^
 m-1 ]                     (2)                                        

where m  is the tap length. The adaptive filter has zero initial conditions as is done in practice. In 

general, the length of the filter (m) may be different from the length (n) of the channel. For 

simplicity in this paper, only the case of n=m was considered.  Another important aspect is that the 

weights or coefficients of the FIR estimator will be adjusted using the LMS algorithm to reduce 

mean squared error (MSE) which is a measure of the accuracy of the estimated channel. However, 

since the MSE requires a large amount of memory, the instantaneous squared error is used, which 

gives an estimate of the gradient of the MSE surface [Bernard Widrow, Samuel D. Strearns]. The 

estimation error can be found as: 

                                 ek= (dk + nk) –yk                                              (3) 

       Where noise or additive disturbance (nk ) is added to the desired signal dk (not shown in the 

Fig. (2)). 

From equation  3, the adaptive filter output is  

 

                                 yk=W
^
k * Nk                                                   (4) 

 

where nk   is the input noise signal and * denotes convolution operation. 

 

The LMS algorithm adapts the adaptive filter‟s vector W
^
k   according to [Bernard Widrow, Samuel 

D. Strearns], 

 

                        W
^
k+1= W

^
k + µ Nk  ek                                              (5) 

 

Where  Nk=[ nk  nk-1  nk-2   …...... nk-m+1] ,which represents the input noise signal to the taps of the 

adaptive FIR filter, and µ is fixed step size 0<µ<1. 
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CONCEPT OF LMS ACTIVE TAP DETECTION ALGORITHM 

In adaptive estimation applications, the channel is characterized by a time domain impulse 

response. Using the LMS algorithm alone, extended regions of negligible response or “inactivity" 

may be included in the calculation of this response [Charles Q.Hoang]. The idea proposed by Dr 

John Homer is to apply a consistent LMS algorithm that performs estimation of nonzero or “active" 

taps only. This will improve the channel estimation performance (accuracy) and convergence rate. 

In order to detect a tap, a formula known as the least squares (LS) activity measure is used [J. 

Homer]:  
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k
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                                                (6) 

Where vk=dk , i= tap index,  D  is the number of samples.  

Now in order for the tap to be determined as active (as opposed to inactive), the value of Xi  must 

be above a certain minimum value called the active tap threshold condition (Td ). This is shown in 

the following threshold formula: 

                                 )log()()( DDDXT vid                                       (7) 

Where  σ
2

v   is the variance of dk or vk .  

If the value is found to be below this criterion, then it can be discarded or multiplied by a forgetting 

factor ( i. e. fraction) just in case it is an actual spike in the next iteration. So in summary, the LS 

activity criterion (6), and (7) works out or detects the position of the active taps in the unknown 

channel or noise path and the LMS algorithm works out the strength of the active taps [J. Homer]. 

  

STANDARD LMS ACTIVE TAP DETECTIOIN WITH SLIDING WINDOWS 

By theory for a stationary channel, the length of the window which tracks the channel is the length 

of the number of samples. However, channels that have a time- varying nature require a window 

which must be  adjusted to the recent channel. There are several fundamental considerations that 

must be understood in the implementation of the standard LMS active tap detection algorithm for 

time- varying channels. First of all, the LMS algorithm uses the most recent channel estimation 

error in (5). This, in turn, means it is not severely affected by time- varying channels. Secondly, the 

LS activity measure equation uses all past signal (d (k), n (k)) samples. This leads to the LS activity 

measure algorithm being affected by time- varying channels. Also, since the more distant past 

samples are no longer relevant to the system, these particular samples can bias the value obtained 

for the activity measure. And so, the basic idea of the system design is to include only the more 

recent samples in the LS activity measure equation. This is equated to applying a sliding window to 

the signals [Charles Q.Hoang]. 

There are several types of windows that can be used to track the non-stationary taps. These can be 

rectangular, triangular, exponential, and such. In this paper, an exponential sliding window is 

considered to detect and estimate the non-stationary channels due to its superiority over the other 

types of windows for this type of the channel [Charles Q.Hoang].This exponential sliding window 

is shown in Fig.3 

 

. 
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Fig.3. Exponential Window 

The equivalent equations to (6), and (7) for the exponential sliding Window approaches are 

[Charles Q.Hoang]:   
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And  

         






 


L

kD
X vi 1log2                                                         (10) 

Where β is the exponential factor and obeys the limit of 0<β<1 and L is the length of the window. 

The main advantage of the exponential approach is more importance is placed on the most recent 

samples. The smaller the size of β is equivalent to a smaller effective window length (L). This 

means that more importance to the more recent samples will be achieved. In contrast, if the 

ndow length will be larger and importance to recent 

samples will be less [Charles Q.Hoang]. 

 

PROPOSED ASSLMS ALGORITHIM 

The  proposed  algorithm  which is developed by us [M.J. Al-Kindi , A.K. Al-Samarrie, and Th.M. 

Al-Anbakee ] used  recursively  adjusted adaptation  step  size  based  on  the  performance surface 

gradient square. This algorithm will be refereed to as Adjusted Step Size LMS algorithm 

(ASSLMS) all over in this paper. However this algorithm is the modified version of Variable Step 

Size LMS algorithm that is developed in [R.H.Kang, E.W.Johnstone].The step size of the proposed 

algorithm is varied according to the following equation [M.J. Al-Kindi , A.K. Al-Samarrie, and 

Th.M. Al-Anbakee]:- 

                                   2

1 )( kkkk Ne                                  (11) 

Where 0< α <1   and σ >0 , then 

                                   µk+1=µmax   if µk+1>µmax 

And                            µk+1=µmin   if µk+1< µmin                                 (12) 

Otherwise                   µk+1= µk+1 

 

β
(D-k)

 

time 

  0               k              D   

L 
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Then eq. (5) can be rewritten as follows:- 

                                  W
^
k+1= W

^
k + µk Nk  ek                                   (13)                                             

 From equations (11) and (13), µk is time varying step size, which is adjusted according to the 

gradient square of the performance surface (ek Nk)
2
 .The motivation of this algorithm is that a large 

gradient square will cause the step size to increase to provide  faster tracking while small gradient 

square will decrease the step size to yield smaller error level. The value of µmin is chosen to provide 

minimum level of error level at steady state, and µmax ensures the stability of this algorithm. 

 

THE MODELING OF A NON-STATIONARY CHANNEL  

There are various ways in which the non-stationary or time- varying channel can be modeled. The 

channel can vary with respect to either the strength of each active tap, the position of each active 

tap, or both. Also, the rate at which the channel changes with time is another parameter [Charles 

Q.Hoang]. The variation of the strength of the known channel taps is one approach for modeling a 

non-stationary condition. There are two standard models which incorporate these ideas:  

 The random walk process.  

 1
st
 autoregressive process. 

However in this paper only the first one is used .The random walk theory is defined by the 

following [Charles Q.Hoang]; 

  numberrandomWW kk _1                                            (14) 

Where • denotes multiplication, ].,,.........,[ ,1,1,0 knkkk wwwW   is the response of the channel at time 

index k.  

kknkkkkk numberrandomkWWW    2__)(]..,,.........,[ ,1,1,01  

ki ,  is zero mean with variance 2

  (measure the speed of parameters change) and independence of  

kj ,    ji   ;   is sometimes known as a Gaussian White Noise [Charles Q.Hoang]; 

2__

1_

numberrandom

numberrandom 
 




  

0][ , kiE  ;      
22

, ][  kiE           i ;        0,, kjkiE   

 

 

SIMULATION RESULTS 

Fig.1 is simulated under the following conditions: 

 The desired input signal (S) is sine wave. 

 The reference input (n1) is White Gaussian Noise with variance of 1.0 and zero 

mean. 

 The signal to noise ratio is equal to approximately to (-15 db) for all simulation tests. 

 The tap vectors (W) of the noise path a(n) is stationary and is shown in Table (1) and 

Fig.4.      There are three active taps in the system: at the 4
th

 tap, the strength is 1; at 

the 15
th

 tap, the strength is – 2; and at the 26
th

 tap, the strength is 3. The channel also 

had a total tap length of 36 (i.e. m = 36 taps and then n = 36 as discussed 

previously). 
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Table (1) The tap vectors (W) of the noise path a(n) to be estimated. 

Tap Number Type Strength 

4
th

 

 

Active  1 

15
th

 

 

Active -2 

26
th

 

 

Active  3 
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Fig(4):Stationary Channel to be estimated
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 Standard LMS alone with step size equal to (0.005) is applied to the   ANC. Then the 

estimated channel taps are estimated very well as shown in Table (2) and Fig.5, but 

this algorithm provides noisy estimates of the 7, 19, 22, 24, and 35 inactive taps.  
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Table (2) The estimated  tap vectors (W) of the noise path a(n) using LMS algorithm 

only 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Combined ASSLMS algorithm and LMS with active taps detector is applied then the 

estimated channel response is obtained in Fig. (6-a) which is similar to desired 

response of the stationary channel noise path and no estimation error occurred in this 

case. 

 Also Fig. (6-b) shows that Active taps detector technique success to detect the 

number of active taps which it is equal to (3) after 100 iterations. 

 

 The values of the parameters used for ASSLMS are as follows: 005.0max  , 

6

min 102   , α = 0.0001, and  σ = 0.1. 

Tap Number Type Strength 

4
th

 

 

Active  1 

7
th

 

 

inactive 0.3 

15
th

 

 

Active -2 

19
th

 

 

inactive 0.5 

22th 

 

inactive 0.7 

24
th

 

 

inactive 0.2 

26
th

 

 

Active  3 

35
th

 

 

inactive 0.5 
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Fig(6-a)Estimated channel using ASSLMS algorithm and LMS with Active taps detected
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 Fig. (7) shows the channel estimation error (W-W
^
)
2
 for all algorithms that are used 

in this paper with the stationary channel. As shown in this Fig. ASSLMS algorithm 

has fast convergence time (600 iterations) than standard LMS with active taps 

detector (700 iterations) but it suffers from high error in the steady state compared to 

the standard LMS with active taps detector. This is because optimum parameters 

must be chosen carefully. However, if combined ASSLMS and standard LMS with 

active taps detector is used then both fast convergence (400 iterations) and low level 

of error is achieved and the performance of the system is improved compared with 

that if only standard LMS with active taps detector is used lonely. 

 Fig. (8) shows the same result as in Fig. (7) when non-stationary channels that is 

modeled using random walk process. As shown in this Fig. when combined 

ASSLMS and standard LMS with active taps detector with an exponential sliding 

window is used then fast convergence time (1100 iterations) and low level of the 

error at the steady state is achieved, while ASSLMS has convergence time equal to 

(1300 iterations) and standard LMS with active taps detector has convergence time 

equal to (1500 iterations). 

 The slight “bumps” in the beginning area of the curves between (200 and 800 

iterations) in the Fig. (8) are due to high noise effect of the non-stationary channel. 
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Fig(7):Channel estamation error (W-W)2 of the stationary channel
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Fig(8):Channel estamation error (W-W)2 of the random walk process for nonstationary channels
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             In this simulation the rate change (speed) of the non- stationary channel model 

parameters is equal to 50 iterations. And since the total number of the iterations is 

2000, then the total number of the change is 40 times.  Also the exponential factor β 

of the exponential sliding window is equal to 0.98. 

 Fig. (9-a) shows the last 300 samples (i.e. from1700 to 2000 samples) of the input 

sinewave that is applied to the ANC for the non-stationary channel. Fig.(9-b) shows 

the corresponding output error signal of the ANC for the last 300 samples using the 

combined ASSLMS and LMS  active taps detector with an exponential sliding 

window. As shown in this Fig. the output error signal has good estimate of the 

desired input signal with very low level of the noise at this steady state region. 
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Fig(9-a):I/P Sinewave signal for ANC
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Fig(9-b):O/P Error signal for ANC using ASSLMS & LMS  Active Taps Detector 

with an Exponential Sliding Window for non-stationary channel

 
 

CONCLUSIONS 

This paper presents new idea which has combined ASSLMS algorithm that is developed by us in 

1997 and standard LMS algorithm active taps detector technique with an exponential sliding 

window that developed by dr. J. Homer. Then this combined method is applied to the ANC system 

to measure its performance for both stationary and non-stationary environments. Although dr. J. 

Homer suggests his method for only white input noise  in adaptive echo canceller , but here in this 

paper ANC sinewave input signal is applied instead of white noise. The simulation results shows 

that the combined method gives faster convergence time than the method that suggested by dr. 

homer, which it is important factors in the adaptive systems. Also the combined method provides 

lower level of the error in the steady state. However, ASSLMS algorithm alone also has faster 

convergence time than the method of dr. J.Homer  but it is suffers from high level of error at the 

steady state. 
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ABSTRACT 
    A closed formed model modified from that of van Genuchten (1980) was used to fit 

the data of soil moisture profile ( θ vs. λ ) from which the slope      dλ/dθ can be evaluated 

and then the soil water diffusivity [D(θ)] can be calculated. Diffusivity was calculated for 

three soil textures under different salinity conditions. 

     The results showed that the model fitted the data very well with 1% confidence level 

(R2 > 0.93). D(θ) increased sharply with soil moisture for all soils but its values were 

lower when the texture got finer. At a certain sodium adsorption ratio (SAR), D(θ) 

increase with the increase of salt concentration (C) of the water infiltrating. Increasing 

SAR of water caused a decrease in D(θ) at any level of C. Same trends were obtained for 

the values of weighted mean diffusivity D . 

 

 

                    الرطوبينى المقد حساب الانتشارية المائية للتربة باستخدام انموذج لمنح
 تحت ظروف ملحية مختلفة  

 

 
 الخلاصة 

 θ)  نًطابقة بُاَات يُحًُ انًقذ انشطىبٍ  van Genuchten (1980)اسحخذو اًَىرج يغهق يحىس عٍ اًَىرج      

vs. λ   ) ٍنحقُُى يُم يُحًُ انًقذ انشطىب( dλ/dθ )  ث بب ذ. انًائُذة نهحشبذةوانذزٌ باسذحخذايت جذى ب ذان ااَحةذاسَة

 .ااَحةاسَة نثلاخ جشن يخحهفة انُ دة وجحث ظشوف يهحُة يخحهفة نًاء انغُط

قُاعذة اظهشت انُحائح بأٌ ااًَىرج طابق انبُاَات انحدشَبُة نًُحًُ يقذ سطىبة انحشبذة بذسخذة يبُذشن عُذذ ي ذحىي     

1( %R
2
 جصذب عُذذيا  نكافذة انحذشن ونكذٍ قًُهذا اَخف ذث اصدادت ااَحةاسَة بةذن بضَادن سطذىن انحشبذة(.  0.93 < 

صَذذادن . انغذذائط اصدادت ااَحةذذاسَة بضَذذادن انحشيُضانًهحذذٍ نهًذذاء SARعُذذذ ي ذذحىي وابذذذ يذذٍ . انحشبذذة ايثذذش َ ىيذذة 

SAR  ذذل يجى انحصىل عهً َفس انحىخذت فذٍ سذهىي قذُى . قُى ااَحةاسَة بثبىت انحشيُض ادت انً اَخفاضفٍ انحشبة 

 .(  D)نًىصوٌ ااَحةاسَة ا
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INTRODUCTION 

 

    The rate of water movement through the soil is of considerable importance in many 

aspects of agricultural and urban life. The entry of water into soil, the movement to plant 

roots, the flow of water to drains and wells, and the evaporation of water from soil 

surface are but a few of the various situations, in which the rate of movement plays an 

important role (Klute and Dirksen, 1986). The soil properties that determine the behavior 

of soil water flow system are the hydraulic conductivity, water- retention characteristics, 

and soil water diffusivity. These properties are often called soil hydraulic properties. Soil 

water diffusivity [D((θ)] as a function of volumetric water content (θ), is the ratio of 

hydraulic conductivity K(θ) to the differential water capacity C(θ)=dθ/dψ, may be used to 

analyze the behavior of soil water system. Because of the importance of soil water 

diffusivity, a lot of work has been done to evaluate, calculate, or predict this transport 

function. Hence, several empirical and physically-based methods were proposed for this 

purpose (Gardner and Mayhugh,1958; Gardner,1962; Dirksen,1975; Hillel, 1980). 

     Soil water diffusivity is calculated directly with some known methods, but can be 

derived easily from measured conductivity data and water content-suction head 

relationship (Childs and Collis-George, 1950 and Gardner and Mayhugh, 1958) as the 

follows: 

 

    D(θ)= - K(θ)/C(θ) = - K(θ) dψ/dθ    …………….(1) 

 

    The soil-water diffusivity appears in the diffusion form of the one-dimensional (x-

direction) horizontal flow equation with time t (Philip, 1957). This equation can  be 

written  in the  

following form: 

                              

 

 

…………………(2) 

     

 

with the following initial and boundary 

conditions: 

 
 

     θ(0, t) =θ1      ;      θ(x, 0) = θ0  …………………(3)   

     

 

 The Boltzmann variable, (λ = xt
 -1/2

), was used to transform Eq.(1) to an ordinary 

differential equation. Integrating, using the given boundary conditions in Eq.(2), yield the 

following equation in terms of soil–water diffusivity:  

 

 

                                                                ……………….. (4)                                       
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 where D(θ) and dλ/dθ are evaluated at any value of water content θ,as it will be 

explained later in this introduction . 

      Bruce and Clute (1956) described a method in which the spatial distribution of water 

content, determined by destructive gravimetric sampling at a fixed time (t) in a horizontal 

infiltration flow system, was used to calculate the diffusivity function [D(θ)] .   

     Whisler et al.(1968) described a method in which the water content as a function of 

time at a fixed position (soil- water transient) was measured. This procedure requires a 

nondestructive method of determining the water content in the soil column, such as 

gamma attenuation. 

     The water content versus position (θ vs. x) at a series of fixed times, or the water 

content vs. time (θ vs. t) at a series of fixed positions can be used to construct a plot of λ 

vs. θ. If the flow is described by the nonlinear diffusion equation and the boundary and 

initial water contents are constant, the transformed water content – distant –time data 

should give a unique λ(θ) function. The derivative and integral in Eq.(4) can then be 

evaluated from the plot of λ vs. θ . 

     If λ in Eq.(4) is substituted by xt
 -1/2 

 (Boltzmann variable) in the derivative and 

integral and arranging the terms result in: 

 

 

                                                           ………………(5)                 

 

 

In this case dx/dθ needs to be evaluated for the calculation of D(θ). 

     The variable λ can be calculated from the data of x and t data (λ =xt 
-1/2 

) and plotted 

vs. θ to obtain a curve of λ vs. θ.  Fitting these data resulted in an equation from which 

the derivative can be obtain and evaluated and so can be the integral term. 

     This procedure may be done graphically, numerically, or by analytical means if an 

equation for the fitted curve is available . So , the diffusivity as a function of water 

content D(θ) can then be calculated using Eq.(4) or Eq.(5). 

       A closed form model similar to that used by van Genuchten (1980) for the soil 

moisture characteristic curve was used to describe the data of   θ vs. λ (can also be used 

for the data of θ vs. x ). This model can be written in the following form: 

  

     θ= a + b[1+(c λ)
n 

]
 –m

                    ……………… (6) 

 

Where a, b, c, n, and m are fitted parameters, and m has no relation with n . Taking the 

derivative of Eq.(6) with respect to λ (dθ/dλ) resulted in: 

  

     dθ/dλ= -bcnm (c λ)
n-1

 [1+(c λ)
n
]

-(m+1)
  …………..(7)         

Also, Solving [Eq. (6)] for λ results in: 

     λ = (1/c) {[(θ-a)/b]
 -1/m 

-1}
1/n

      ..……………… (8)              

Equations (6) and (8) were used by Aoda et al. (2005) and Younan (2008) and resulted in 

very successful results in terms of fitting the soil moisture profile data [either θ(λ), or  

θ(x) ]. 
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     Taking the derivative of λ with respect to θ  of Eq.(8), (dλ/dθ) can be obtained and 

calculated for each value of  θ as follows: 

    dλ/dθ = (-1/bcnm) {[(θ-a)/b]
 -1/m 

-1}
(1-n/n) 

[(θ-a)/b]
 –(1+m/m)    

…...….(9) 

This derivative can also be obtained by taking the reciprocal of Eq.(7). 

     Weighted mean diffusivity ( D ) was calculated using the following equation (Crank, 

1956): 

 

    …….….(10)   

 

Where θs is the volumetric water content at the inlet end of soil column.    

  The objective of the work reported here is to use an empirical model [Eq.(6)] to describe 

the relationship between λ and θ and then to find the slope dλ/dθ [Eq.(7)] which is 

required in Eq.(4) for calculating soil-water diffusivity as a function of volumetric water 

content [D(θ)]. Values of soil water diffusivity was used as a hydraulic property to study 

the effect of the salinity and sodicity of irrigation water on soil water diffusion.  

 

MATERIALS AND METHODS 

     Three different soil samples of different texture (namely, sandy loam, loam , and clay 

loam) were collected from the surface layer (0 – 30 cm) from Jadriya location in 

Baghdad.  These soils were classified under the subgroup of Typic torrifluvents. Samples 

were air-dried and sieved through 2-mm sieve openings. Chemical and physical 

properties of these samples were determined using the procedures given by Page et al. 

(1982) and Klute et al. (1986), respectively (see table 1).  

     Water of different salinity[C=50,100 and 200 meq/l] and sodicity [SAR      = 0, 10, 

and 20 (mmole/l)
1/2

] were used for performing the flow experiments. Nine combinations 

of C and SAR plus the control treatment (C=0, SAR=0) were used to run horizontal 

infiltration experiments in uniform soil columns packed homogeneously (see Aoda, 

1982), with the three different soil textures. Plexiglas columns of 40–cm long and 3.17-

cm inside diameter were constructed by combining tightly the rings of 2-cm length using 

transparent tape. One end of the column was closed by a perforated Perspex glass plate, 

while the other end was connected to the water applicator (see Al- Douri, 2002). 

     Horizontal water flow experiments were performed to obtain the required data for 

calculating soil water diffusivity following the procedure of Bruce and Klute (1956). 

Volume of water infiltrated into the soil and wet front advance with time were recorded 

until the wet front reached a distance of 30 cm from the inlet end of the column. At this 

instance, water entry was cut off and the column was sectioned by sharp blade to 

determine the water content and bulk density for each ring. Bulk density was also 

       
s

dDD s
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determined for each ring to test the uniformity of the whole column. The column was 

rejected if the coefficient of variability (C.V) exceeded 2% (Nofziger and 

Swartzendruber, 1976). 

      Soil water diffusivity [D(θ)] was calculated using Eq.(4) where the derivative dλ/dθ  

was calculated from the proposed equation [Eq.(7)]. The procedure and calculation were 

done for ten different water qualities for each soil texture. 

 

Table 1: Some physical and chemical properties of the soils used. 

 

Soil texture 

Soil property 

Clay loam Loam Sandy loam 

364.2 490.7 663.8 Sand (g/Kg) 

330.9 326.1 252.3 Silt (g/Kg) 

304.9 183.2 83.9 Clay (g/Kg) 

1.410 1.447 1.500 Bulk density (Mg/m
3
) 

2.40 1.60 0.82 ECe
*
 (dS/m) 

7.60 7.78 7.82 pH 

232.8 204.8 195.6 Carbonates (g/Kg) 

4.00 3.8 Nill Gypsum (g/Kg) 

13.67 13.07 11.17 Organic matter (g/Kg) 

21.80 19.20 15.85 CEC
**

(cmole charge/Kg) 

0.468 0.454 0.434 Total porosity (m
3
/m

3
) 

0.482 0.309 0.252 Mean weight diameter (mm) 

*
 ECe   is the electrical conductivity of the extract soil saturated paste .    

**
 CEC  is the cation exchangeable capacity. 

RESULTS AND DISCUSSION 

     Table 2 shows the results of fitting Eq.(6), θ vs. λ.The parameters a,b,c,m, and n are 

listen in the table along with the values of residual mean squares of θ (RMSθ)and the 

coefficient of determination(R
2
).The fitting was done by using the Statistical Analysis 

System ( Statistica ) . The model fitted the data very well (0.01 level) indicated by the 

high values of R
2
 and the small values of RMS θ. This finding is the same for the three 

soils and for all experiment combination of salinity (salt concentration ,C ) and sodicity 

(sodium adsorption ratio, SAR). 

Values of parameter a in table 2 represent the values of the initial volumetric water  

content θ0, and the values of b in the table represent the values of  θ behind the wet front 

θm minus the values of θ0 (i.e., b= θm- θ0).If parameter a is added to parameter b, the 
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result is θm. If this θm is divided by the total porosity (f) for each soil (Table 1), the result 

is the saturation ratio(S). When this is done using tables 2 and 1, the percentage of 

saturation was about 83% ,85%,and 87% for sandy loam, loam, and clay loam soils , 

respectively.Values similar to these were found by van Duin (1955) ,  Aoda  ( 1982) and 

Aoda et al.( 1993). Some good consistence for the c and n values  

 

Table 2: Results of fitting Eq.(6) for all experiments of salinity combinations.             

R
2
 RMS 

 

m n c b a Conc. SAR Texture 

0.93657** 6.052*10
-4

 73.396 26.854 0.4679 0.3400 0.0260 0 

o 

S
a
n

d
y
  

L
o
a
m

 

0.93545** 6.134*10
-4

 96.005 26.845 0.4605 0.3390 0.0270 50 

0.93548** 6.125*10
-4

 106.990 27.069 0.4552 0.3390 0.0270 100 

0.93669** 5.998*10
-4

 143.901 27.031 0.4427 0.3390 0.0270 200 

0.93567** 6.159*10
-4

 89.430 26.475 0.4701 0.3402 0.0260 50 

10 0.93668** 6.026*10
-4

 89.939 26.741 0.4622 0.3396 0.0270 100 

0.93435** 6.235*10
-4

 81.807 27.038 0.4527 0.3390 0.0270 200 

0.93492** 6.227*10
-4

 103.912 26.991 0.4798 0.3414 0.0256 50 

20 0.93432** 6.267*10
-4

 90.979 26.720 0.4683 0.3401 0.0260 100 

0.93462** 6.208*10
-4

 84.806 26.775 0.4527 0.3390 0.0270 200 

 

0.93572** 6.783*10
-4

 77.428 27.174 0.5740 0.3588 0.0282 0 

0 

L
o
a
m

 

0.93645** 6.709*10
-4

 77.020 27.366 0.5703 0.3588 0.0282 50 

0.93677** 6.656*10
-4 

78.755 27.144 0.5637 0.3584 0.0286 100 

0.93445** 6.902*10
-4 

61.967 27.658 0.5514 0.3587 0.0283 200 

0.93632** 6.730*10
-4 

90.493 27.794 0.6103 0.3598 0.0280 50 

10 0.93377** 6.995*10
-4 

81.623 27.983 0.5903 0.3595 0.0280 100 

0.93502** 6.852*10
-4 

76.058 27.359 0.5702 0.3590 0.0280 200 

0.93557** 6.809*10
-4 

88.964 27.473 0.6429 0.3589 0.0281 50 

20 0.93531** 6.821*10
-4 

91.416 27.355 0.6169 0.3593 0.0280 100 

0.93683** 6.673*10
-4 

83.897 27.134 0.5971 0.3590 0.0280 200 

 

0.93080** 7.947*10
-4

 98.834 27.466 0.6967 0.3760 0.0300 0 

0 

C
la

y
  
L

o
a
m

 

0.93437** 7.468*10
-4

 92.915 27.173 0.6924 0.3750 0.0320 50 

0.93369** 7.663*10
-4

 102.943 27.174 0.6811 0.3780 0.0300 100 

0.93528** 7.391*10
-4

 75.557 27.058 0.6471 0.3757 0.0323 200 

0.93336** 7.686*10
-4

 114.939 27.634 0.7888 0.3780 0.0300 50 

10 0.93513** 7.492*10
-4

 88.897 27.135 0.7468 0.3790 0.0300 100 

0.93548** 7.434*10
-4

 98.729 26.720 0.7084 0.3780 0.0300 200 

0.93674** 7.311*10
-4

 104.316 27.851 0.8743 0.3790 0.0300 50 20 
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0.93620** 7.253*10
-4

 96.382 27.079 0.8258 0.3800 0.0300 100 

0.93537** 7.561*10
-4

 106.695 26.549 0.7951 0.3810 0.0290 200 

** Significant at 0.01 level                                                                                                                       

 

were found for each soil. Wide variations in values of parameter m were found even in 

the same soil texture.  

     Results of table 2 suggest that the model is quite capable of describing the data of θ vs. 

λ with more than 93% (values of R
2
). This finding indicates the capability of using this 

model to describe the slope dθ/dλ and hence dλ/dθ of Eq.(4) ,therefore, the parameters 

listed in table 2 can be used in Eq.(8) to find  dθ/dλ and hence dψ/dθ or in Eq.(9) to find 

dλ/dθ directly. The slope dλ/dθ can then be used in Eq.(4) along with the integral term to 

calculate the soil water diffusivity [D(θ)] .  

     Soil water diffusivity as a function of water content was calculated for all treatment 

combinations listed in table 2 (30 experiments). Diffusivity was then plotted against the 

relative water content (θ/θm). Plotting the three curves representing the three soils on one 

figure resulted in total of ten figures. Three typical examples of these figures are shown 

in Figures 1, 2, and 3. 

     It is obvious from all figure that D(θ) increases sharply with water content and the 

increase becomes sharper near saturation .This finding has also been found by Aoda et 

al.(1993). This increase was explained by Bruce and Klute (1956) on the basis of the 

gradual increase in the radii of water conducting pores and consequently a decrease in 

tortousity of the actual flow path when the water content increases towards saturation . 

     For each concentration, an increase in SAR caused a decrease in D for all levels of θ 

especially near saturation. This decrease is more pronounced for low concentration and 

high SAR levels. This can be explained by the theory of diffuse double layer when 

applied to mixed electrolyte systems in the following manner: at a given water content, 

the distance between clay particles increase with the increase in SAR and decrease in C. 

For a constant total soil volume, changes in spacing between clay platelets result in 

changes in pore size geometry(Aoda et al.,1993).An increase in spacing would, therefore, 

cause a decrease in ratio of macro to micropores. Then, at a given θ, D decrease with an 

increase in SAR and a decrease in C.          

     Values of weighted mean diffusivity ( D ) calculated by Eq.(10) for all treatment 

combinations are listed in table 3. Increasing salt concentration(C) caused a significant 

increase (at 0.01 level) in D  for a certain SAR level and the increase was higher for 

higher C levels. At each level of C, D  was higher with lower level of SAR. For example, 

for sandy loam soil, at C=100 meq/l , D  was decreased in the following order : 0.3303 , 

0.3251 , 0.3162 cm
2
/mim when SAR increase from 0, 10, and 20 respectively. Similar 

trend is more clear for the other two soils. The results of D  decreased due to the increase 

in SAR indicates again the deterioration of pores and this  
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Figure 1: Soil water diffusivity vs. relative water content for the three soils (C=0,SAR=0 ) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2: Soil water diffusivity vs. relative water content for the three soils( C=50,SAR=10)     
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Figure 3: Soil 

water diffusivity vs. relative water content for the three soils (C=200,SAR=20) 
 
deterioration is reduced by increasing salt concentration (C ) . For example, when C=50 

meq/l, D =0.2095cm
2
/mim for SAR=0 while D = 0.1602 cm

2
/mim for SAR=20 in the 

loam soil. Same conclusion is obtained for the other two soils. It is clear from the table 

that at the same level of SAR, increasing C would increase the values of D . This finding 

is very important in leaching alkali soils using saline water which would protect soil 

pores from being deteriorated.    
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Table 3: Mean weighted diffusivity for the three soils and all salinity     

combinations. 

 

   Weighted Mean Diffusivity,  D     

cm
2
 .min

-1
 C 

(meq/l) 

SAR 

(mmol/l)
1/2 

 Texture 

Clay  Loam  Loam Sandy  Loam 

0.1342 0.2073 0.3213 0 

0 
0.1380 0.2095 0.3257 50 

0.1417 0.2156 0.3303 100 

0.1616 0.2272 0.3409 200 

0.1014 0.1777 0.3155 50 

10 0.1175 0.1914 0.3251 100 

0.1315 0.2097 0.3408 200 

0.0815 0.1602 0.2959 50 

20 0.0943 0.1713 0.3162 100 

0.1028 0.1897 0.3400 200 

 

                   LSD                                              0.001                  0.0007                 0.0004 

 
CONCLUSIONS 

 
From this study it can be concluded  :                                              

 The suggested model fitted the data of soil moisture profile very well and  so it can 

be used to evaluate the slope  dλ/dθ which is required for the  determination of 

soil water diffusivity [D(θ)] .  

 Increasing the salt concentration ( C ) of the water infiltration at           constant 

level of sodium adsorption ratio (SAR) increased the values of D(θ) .   

 Increasing  SAR  at constant C of the water infiltration decreased the values of D(θ) 

. 
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DEMULSIFICATION OF CUTTING FLUID BEFORE DISPOSAL 

TO THE ENVIRONMENT 

 
Prof. Dr. Abbas Hamid Sulaymon , Laith Hamzah Thuaban 

 

 

ABSTRACT 

In this research the treatment of 7201 cutting fluid was carried out to decrease its environmental 

impact on water resources after being used and being less effective due to the action of 

contaminants. 

The  breaking of emulsion was carried out using two methods: The first method was by using acid 

and/or heat. 1 molar sulfuric acid was used to decrease pH to 1.5 whth heating the emulsion to 90 

ºC. It was found that the acid is the dominating factor in emulsion breaking and the maximum 

efficiency achieved was 85% after one day using (10335 ppm) sulfuric acid. The second method 

was by using two different types of coagulants  calcium chloride (CaCl2) and ferric chloride 

(FeCl3) at different emulsified oil concentrations (2, 4, 6, 8, 10% by volume.), and the residual oil 

concentration in water layer was measured for each experiment.   

It was found that using ferric chloride (FeCl3) gave the best emulsion breaking and least residual oil 

concentration in water layer for all emulsified oil concentrations. 

 

 الخلاصـــة
 المنتج في مصفى الدورة في بغداد لتقميل تاثيره السيء عمى البيئة المائية بعد 1047تم في ىذا البحث معالجة سائل القطع نوع 

تمفو نتيجة الاستعمال وتكاثر الاحياء المجيرية فيو وقد تمت المعالجة بطريقتين تتمثل الاولى بكسراستحلاب سائل القطع بواسطة 
درجة مئوية وقد وجد بان التاثير الاكبر كان لمحامض وليس لمحرارة  04مع التسخين لغاية ( مولاري 7بتركيز )حامض الكبريتيك 

  .جزء بالمميون( 74008)بعد مرور يوم كامل باستعمال حامض كبريتيك بكمية  58% بيذه الطريقة ولم تتعدى كفائة الفصل 

% 74, 5, 6, 0, 0)لمستحمب  وباستعمال عدة تراكيز لمزيت ا وريد الكالسيوم وكموريد الحديديككمالطريقة الثانية كانت باستعمال 
ضل نتائج في كسر الاستحلاب باستعمال كمية اقل منو وان تركيز يعطي اف الحديديكوقد وجد بان استعمال كموريد  (.حجما 

  .الزيت في الطبقة المائية يكون اقل ايضا 

KEY WORD 

Demulsification, cutting fluid, environment,    

 

 INTRODUCTION 

Metal working fluids are engineering materials that are employed in metal working processes. In 

manufacturing activities metal working fluids used for material removal processes are known as 

cutting and grinding fluids . 
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Cutting fluid pumps over the cutting site of machines such as lathes, milling machines, shapers and 

saws  for cooling the tool, work piece and chips  

 or for lubricating  

A variety of cutting fluids are available to satisfy the requirements of machining processes. The four 

basic types of cutting fluids are as follows:  

 Straight oils, synthetic fluids, semi-synthetic fluids and emulsifiable cutting fluid which are the 

largest type of cutting fluids.   

After being used the fluids become less effective because of their thermal degradation and 

contamination by substances in suspension therefore they must be replaced periodically, generating 

a waste stream called spent cutting oil (José, 2002).    It is desirable then to separate the oil phase 

from the water phase, in order to minimize the disposal costs and to minimize the negative impact 

of fluid disposal on the environment (Ian, 2005). 

Spent metal cutting fluids may be considered hazardous wastes due to the products formulation or 

by absorbing contaminants through metal working operations (Joseph, 1999). 

The environmental impact of metal working wastes can be acute. Heavy metals, acids, surfactants 

and oils are all highly toxic to aquatic life. Serious stream degradation results from the direct 

discharge of insufficiently treated metal wastes. 

Oils in drinking water sources cause objectionable taste and odours, turbidity and film, and make 

filtration treatment difficult. Bioassay data indicate that oil is toxic to fish. In greater quantities, it 

limits oxygen transfer, hindering biological activity (Abid, 2004).  

  

     In general, no single treatment process or commercial device will remove all forms of oil (free, 

emulsified or dissolved) in oil-water mixtures.   

The most commonly used method to break the emulsion is chemical treatment (chemical addition).     

(Dennis, 1982). 

Process wastewater from metal working operations contains free or suspended oil and emulsified 

oil. These oils originate mainly from parts washer overflow and machining coolant dumping, and 

the concentration typically ranges from 1,000 - 10,000 ppm as emulsified oil and perhaps 30,000 

ppm as free suspended and floating oil (Gealer, 1980).   

The breaking of emulsions is necessary in many industrial operations,   million of dollars are being 

spent each year in preventing or breaking an emulsion 

 

Emulsion breaking can be very complex, because no two emulsions are alike. Even emulsions from 

a single source can vary over time. The result is that emulsion breakers, or demulsifiers, must be 

selected, and even formulated on a case-by-case basis (champ, 2008). 

There are different actions of chemicals in breaking of emulsion which include: 

 a - Balance or reverse interfacial surface tension, (addition of other type of surfactant).  

b- Precipitate emulsifying agents, traditionally sulfuric acid has been used in oily waste treatment 

plants as the first step in emulsion breaking. 

c- Neutralize stabilizing electrical charges. The accumulated electric charges on the emulsified 

droplet are neutralized by introducing a charge opposite to that of the droplet  

Chemical emulsion breakers provide this opposite charge and cause flocculation to form larger 

particles for subsequent removal. 

 The dielectric characteristics of water and oil cause emulsified oil droplets to carry negative 

charges. Therefore, to destabilize an oil-in-water emulsion, a cationic (positive charge) emulsion 

breaker should be used (Kemmer, 1988).  

http://en.wikipedia.org/wiki/Lathe_(metal)
http://en.wikipedia.org/wiki/Milling_machine
http://en.wikipedia.org/wiki/Shaper
http://en.wikipedia.org/wiki/Saw
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 A common method of determining relative emulsion stability of water-in-oil or oil-in-water is a 

simple bottle test method (batch separation test). This batch method is an attractive method for the 

study of separation behavior of emulsions due to its simple and inexpensive experiments. 

 This method is recommended by Fuchs Lubricating Company, Nalco Water Company and Others 

(FUCHS, 2005 , Shweta, 2005, Christine, 2001, Taylor, 1994). This test measures the time required 

for an oil-water mixture to separate by gravity  as well as quantity of residual oil remain in the water 

layer after separation and finding the best required time to complete the demulsification process ( 

separation time) and the effect of emulsified oil concentration.   

  Experimental work and procedure. 

Preparation of 7201 oil emulsion (10% by vol.):   
The emulsion was prepared by adding 150 ml of cutting oil (7201) to 600 ml of  deionized water ( 

as recommended by oil manufacturer )  followed by mixing for 5 minutes using mechanical stirrer 

at 1500 rpm. 750 ml of deionized water was added gradually while mixing for 10 min at 1500 rpm 

to form 1.5 liter of emulsion (Kutweel. 2007)  

   The mixture was diluted by mixing with deionized water to produce other concentrations of 

cutting fluid (8%, 6%, 4% and 2%) by volume respectively.    

 

Breaking the emulsion of 7201 cutting fluid using sulfuric acid:  

This was done by adding 1 molar sulfuric acid to 100 ml of emulsion until pH equal to 1.5 while 

heating it until reaches 90C  º  and kept at this temperature for 15 minutes. The mixture was placed 

into graduated cylinder to measure the volume of the separated oil layer. The evaluation is based on 

the volume of the separated layer (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1   Emulsion breaking evaluation was based on the volume of the separated layers. 

Breaking the emulsion of 7201 cutting fluid using coagulants: 
This procedure was carried out as following: 
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a-   solution of 10% by wt. of ferric chloride (FeCl3) was made (each 10 gm was dissolved in 90 ml 

of deionized water). For (CaCl2) solution of 20% by wt. was made (each 20 gm was dissolved in 80 

ml of deionized water). 

b-   specific quantity of coagulant solution was added to 100 ml 2% by vol. emulsion at 25 ºC and 

mixed for one minutes using magnetic stirrer. The mixture was poured into graduated cylinder 

which was placed in a water bath  at 25 ºC. The volume of separated oil layer was measured at 

intervals for 30 minutes.  

c- The evaluation of the emulsion breaking was based on the volume of the separated oil layer (if 

the volume of separated oil layer was less than the initial emulsified oil concentration (2% by vol.) 

then the quantity of coagulant was increased and the procedure was repeated until the volume of the 

separated oil layer equal to the initial emulsified oil concentration.           

d- When the separated oil layer volume was equal to the initial emulsified oil concentration a 

sample (10-15 ml) was taken from the water layer for the determination of pH and the residual oil 

concentration in water layer using U.V spectrophotometer. 

e- The procedure was repeated for emulsified oil concentration of 4%, 6%, 8%, 10% vol. 

respectively.   

 f- The procedure (steps by step) was repeated for both types of coagulants.  

g- The evaluation of the emulsion breaking was based on both of the volume of separated layer as 

well as the residual oil concentration in water layer.   

 

Analytical method  

Determination of Oil Concentration 

Ultraviolet spectrophotometer (UV) was used for measuring oil concentrations directly at 204 nm . 

Calibration curve was carried out using different concentrations of emulsion of (25, 50, 75, 100, 

125, 150) ppm. Absorbance of these samples was measured. (Figure 2). The calibration curve for 

these concentrations against absorbance was plotted as shown in Figure (3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2    Reading of U.V using different concentrations of emulsified oil. 
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Fig. 3  Calibration curve for different concentrations of emulsified oil    against absorbance of 

U.V. 

 

RESULTS AND DISCUSSION 

 

Effect of using sulfuric acid and/or heat to break 7201 cutting fluid emulsion: 

The first experiment was done using heat only, the temperature was raised gradually to 100 ºC (it 

takes 30 minutes) the volume of the separated oil layer was 1.2 ml (equal to 12% of oil). 

The second experiment was carried out using 1 molar sulfuric acid to decrease the pH of 10% by 

vol. emulsion to 1.47. The volume of the separated oil layer was 6.3 ml (equal to 63% of oil), at 

temperature 33 ºC. 

The third experiment was done using 1 molar sulfuric acid to decrease the pH of the emulsion to 3 

and the temperature was raised gradually to 100 ºC. The volume of the separated oil was 2.5 ml 

(equal to 25% of oil). The heating was stopped and the volume was observed with time for 40 

minutes. The final volume was 3 ml (equal to 30% of oil) (Figure. 4). After 5 days at room 

temperature the volume of the separated oil layer was 4 ml (equal to 40% of oil).  
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Fig. 4  Effect of sulfuric acid and heating (100 ºC) to break emulsion. 

 

The fourth experiment was carried out using 1 molar sulfuric acid to decrease the pH  of 10% by 

volume emulsion  to 1.5 and the temperature was raised gradually to 90 ºC and kept at this 
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temperature for 15 minutes. The volume of the separated oil layer was 7.2 ml (equal to 72% of oil). 

After 1 day at room temperature the volume of the separated oil layer was 8.5 ml. 

Examining experiment one and two it can be seen that the emulsion breaking efficiency for heating 

is only 12% while the emulsion breaking efficiency for     sulfuric acid is 63%. 

These efficiencies are low compares with using heating and acid together as in experiment four. 

The third experiment showed that using heat and acid at pH=3 together lead to increases the 

emulsion breaking from 12% -25%. 

These results indicated progress in the efficiencies compared with first experiment. 

The fourth experiment indicated that by decreasing pH from 3 to 1.5 leads to increase in the 

emulsion breaking efficiency from 25% to 72 % even so decreasing the temperature from 100Cº to 

90 ºC. This behavior showed that the acid is the dominating factor in emulsion breaking.  

All the experiments which were carried out as mentioned above showed low efficiencies (72% after 

15 minutes), knowing that best experiment consumed    9 ml of 1 molar sulfuric acid for 100 ml of 

10% by vol. emulsion (equal to 10335 ppm of acid) which is a high quantity compared to the 

quantity of coagulants .    

The other disadvantage of using acid is that the water layer is highly acidic and needs a treatment to 

raise pH before discharging to water streams by using suitable alkaline materials like sodium 

hydroxide (NaOH) solution. As well as the risk of using, handling and storing of highly corrosive 

and hazardous materials (sulfuric acid and sodium hydroxide).      

From above it was clear that using acid and heat were not the best choice to treat the 7201 cutting 

fluid emulsion where the efficiency of emulsion breaking didn’t exceed 85% after 5 days. 

Therefore the experiments were shifted to the following experiments to achieve higher efficiencies.      

 

Effects of coagulation to break 7201 cutting fluid emulsion: 
The decision was made to carry out the research by studying the factors effecting emulsion breaking 

by coagulation process with different types of coagulants calcium chloride (CaCl2) and ferric 

chloride (FeCl3). Knowing that for using these coagulants,     any experiment which did not give an 

oil layer volume equal to the initial oil volume in emulsion or did not reach the steady state within 

30 minutes was rejected. 

 The coagulation process depends strongly on the charge of particles (droplets); the maximum rate 

of flotation can be achieved when the zeta potential of the particles is zero. 

 The addition of chemicals overcomes the repulsive effects of the electrical double layers to allow 

the finally sized oil droplets to form larger droplets through coalescence. 

 

Using calcium chloride as coagulant:  

Different oil in water emulsion concentrations (2%, 4%, 6%, 8%, 10% by volume) were studied by 

using 20% wt solution of CaCl2 as coagulant because it is highly soluble salt. 

 The experimental results were plotted in Figures (5 - 9) as oil layer volume (visual observation) 

with time. These figures showed that the oil layer volume increased with time. 

Examining figures (5 - 7 ) it can be seen that adding 1 ml of 20% by wt CaCl2 will break emulsion 

for oil concentration 2%,4%,6% respectively while adding 1.1 ml and 1.3 ml will break emulsion of 

oil concentration 8% , 10% respectively (Figures 8 and 9). Therefore it is clear that the use of CaCl2 

had low efficiency at low oil concentration.  

The experimental results showed also that the residual oil concentrations in water layer are 

proportional to the initial oil concentration (Figure 10).   
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Fig. 5 Effect of using 20% by wt. CaCl2 to break 2% by vol. emulsion at 25 ºC. 
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Fig. 6  Effect of using 20% by wt. CaCl2 to break 4% by vol. emulsion at 25 ºC. 

 

      

   

 

Fig. 7 Effect of using 20% by wt. CaCl2 to break 6% by vol. emulsion at  25 ºC. 
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Fig. 8   Effect of using 20% by wt. CaCl2 to break 8% by vol. emulsion at  25 ºC. 

 

 

      

 

 

 

 

 

 

 

 

Fig. 9 Effect of using 20% by wt. CaCl2 to break 10% by vol. emulsion at 25 ºC. 

Effects of oil in water emulsion concentration on CaCl2 quantity as coagulant. 

    

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 Effect of using 20% by wt. CaCl2 to break emulsion with various concentrations at 25 

ºC.  
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Effects of CaCl2 on oil concentration in water layer after coagulation (The quantity of 

residual oil): 

The quantity of residual oil in water layer after coagulation using 20% by wt. CaCl2 to break 

emulsion is proportional to the initial emulsified oil (Figure 11).  
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Fig. 11 Effect of using 20% wt. CaCl2 to break emulsion with various concentrations on 

residual oil at 25 ºC. 

 

 USING FECL3 AS COAGULANT:  

Different oil in water emulsion concentrations (2%, 4%, 6%, 8%, 10% by volume) were studied by 

using 10% by wt. solution of FeCl3  as coagulant.   

 The experimental results were plotted in Figures (12 – 18) as oil layer volume (visual observation) 

with time. These figures showed that the oil layer volume increased with time. 

Examining Figures(12 -16 ) it can be seen that adding (0.5, 0.6, 0.9, 1.1 and 1.2 ml) of 10% by wt. 

FeCl3 will break emulsion for oil concentration 2%, 4%, 6%, 8% and 10% respectively (Figure 17). 

The experimental results showed also that the residual oil concentrations in water layer are 

proportional to the initial oil concentration (Figure 18). 
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Fig. 12  Effect of using 10% by wt. FeCl3 to break 2% by vol. emulsion at 25 ºC. 
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 Fig. 13  Effect of using 10% by wt. FeCl3 to break 4% by vol. emulsion at 25 ºC. 
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 Fig. 14 Effect of using 10% by wt. FeCl3 to break 6% by vol. emulsion at 25 ºC. 
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Fig. 15 Effect of using 10% by wt. FeCl3 to break 8% by vol. emulsion at 25 ºC. 
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 Fig. 16 Effect of using 10% by wt. FeCl3 to break 10% by vol. emulsion at 25 ºC.  

   

 Effects of oil in water emulsion concentration on FeCl3 quantity required as coagulant. 
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Fig. 17 Effect of using 10% by wt. FeCl3 to break emulsion with various concentrations at 25 

ºC. 
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Effects of FeCl3 on oil concentration in water layer after coagulation (the quantity of residual 

oil): 

The quantity of residual oil in water layer after coagulation using 10% by wt. FeCl3 to break 

emulsion is proportional to the initial emulsified oil (Figure 18).  
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Fig. 18 Effect of using 10% by wt. FeCl3 to break emulsion at various concentrations on 

residual oil at 25 ºC. 

 

        CONCLUSIONS: 

 For 7201 cutting fluid emulsion sulfuric acid and heating up to 90Cº will break about 85% 

of the emulsion. But this method consumes time for heating, breaking and for cooling the 

liquid layer before further treatment. It consumes high quantity of acid and alkaline 

materials in addition to the risk of handling, using and storing of these materials. So this 

method is not the best choice to treat the oily wastewater generated from spent 7201 cutting 

fluid.  

 2-The use of coagulant will save heating power, time, and chemical materials  

 3-The required time to finish the coagulation, coalescence and the separation processes is 

only 20 minutes if high mixing speed or long mixing time (3 minutes) is used. 

 4- The use of CaCl2 was less effective compared with  FeCl3 but it has a very good 

advantage because it dose not decrease pH,  so it is less harmful to pipes and equipments, 

and water layer needs no neutralization step after separation. 
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ABSTARCT 

Kerberos system is a powerful and widely implemented authentication system. Despite this fact it 

has several problems such as the vulnerability to dictionary attacks which is solved with the use of 

public key cryptography. Also an important security feature that is not found in Kerberos is perfect 

forward secrecy. In this work the lack of this feature is investigated in Kerberos in its original 

version. Also a public key based modification to Kerberos is presented and it is shown that it lacks 

the prefect forward secrecy too. Then some extensions are proposed to achieve this feature. The 

extensions are based on public key concepts (Diffie-Hellman) with the condition of keeping the 

password based authentication; this requires little modifications to the original Kerberos. Four 

extensions are proposed; two of them modify the (Client-Authentication Server) exchange 

achieving conditional perfect forward secrecy, while the remaining two modify the Client-Server 

exchange achieving perfect forward secrecy but with increased overhead and delay.  

 

 الخلاصة
لكن ىناك عدة مشاكل يعاني منيا ىذا النظام، . ىو نظام قوي و فعال و مستخدم بصورة واسعة Kerberosنظام 

 public)ىجمات القاموس و قد تم حل ىذه المشكمة بالاعتماد عمى التشفير بالمفتاح العام  أمامإحداىا ضعفو 

key.)  السرية  أو)التامة  الأماميةميمة غير متوفرة في ىذا النظام وىي السرية  أمنيةلكن ىناك خاصية
احد دراسة  إلى بالإضافةلا  أمىذا البحث يقوم بدراسة النظام من ناحية وجود ىذه الخاصية . (المستقبمية التامة

، ويظير البحث افتقار (public key)التشفير بالمفتاح العام  باستخدام  الأصميالمحورة عن النظام  الأنظمة
التعديلات عمى نظام ثم يقدم البحث مقترحات تتضمن بعض  .و المحسن ليذه الخاصية الأصميالنظامين 

(Kerberos ) التعديلات تستند عمى مبادئ التشفير بالمفتاح العام . التامة الأماميةمن اجل تحقيق السرية
(public key ) بشرط المحافظة عمى خاصية التعريف بالاعتماد عمى كممة السر و ىذا ( ىممان-ديفي)طريقة

ان منيا تتعديلات، اثن أربعةيعرض البحث  .يمة التطبيقو س الأصمييضمن كون التعديلات قميمة عمى النظام 
، الشرطية الأماميةمحققة السرية ( Client-Authentication Server)الحوار بين العميل و خادم التعريف تغير 

التامة لكن  الأماميةمحققة السرية ( Client-Server) الحوار بين العميل و الخادم الأخريانبينما تغير الاثنتان 
 .التأخيرمع زيادة 

 

KERBEROS, Public Key, Forward Secrecy, Authentication, Diffie-Hellman, Security 
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INTRODUCTION 

Kerberos is an authentication system developed at Massachusetts Institute of Technology (MIT) as 

part of Project Athena [Miller et al,1987]. There are two versions of this system: Kerberos v4 and 

Kerberos v5. The later solved some of the problems found in v4. It is based on symmetric 

encryption and trusted third party. Several problems are found in Kerberos, but dictionary attacks is 

the most known attack and the one that has got a lot of attention in trying to reduce its risk. One of 

the proposed extensions to solve this attack, known as Public Key Cryptography for Initial 

Authentication in Kerberos (PKINIT), modifies the basic protocol to allow public-key 

authentication; in the process, it adds a fair amount of complexity to the protocol [Cervesato et 

al,2008]. Other solutions are the use of the Secure Remote Password (SRP) protocol [Wu,1999], 

and the Public key based Kerberos for Distributed Authentication (PKDA) [Sirbu and 

Chuang,1997]. Other directions that are taken by some researchers is to use Elliptic Curve 

Cryptography (ECC) and Elliptic Curve Diffie Hellman (ECDH) as the public key mechanism in 

Kerberos [Zhu et al, 2008][Ozkan, 2003] and the same mechanisms can be used in the extensions 

that will be proposed in this paper. 

 

A security feature that is not found in Kerberos is “perfect forward secrecy”, which means that the 

compromise of long term secret keys leads to the compromise of all past session keys [Menezes et 

al,1996], a problem that is considered serious in some environments, and it is the main focus of this 

work. The reason is that it was not a feature in the original design, so it uses long term symmetric 

keys to encrypt the session keys. The details of the protocol will be shown in section 2. In section 3, 

one of the extensions presented in PKINIT will be shown for comparison with the extensions that 

will be proposed in this paper in section 4 to add perfect forward secrecy to Kerberos. A 

comparison is made between the proposed extensions in section 5. 

 

KERBEROS V5 

It is well known that Kerberos is based on symmetric encryption and trusted third party. Figure (1) 

shows the exchanges of the original Kerberos v5. The client (C) shares with the authentication 

server (AS) a long term key; and truly speaking the secret is a password (KU shared between the 

“User” on the client machine and AS). 

 

 The password is used to encrypt a timestamp and sent by the client to AS which decrypts 

and checks for time synchronization, this step is used to authenticate the user. 

 AS sends a key (KC,TGS) to be used between the client (C) and ticket granting server (TGS), 

this key is sent encrypted using KU. AS also sends the client a ticket granting ticket (TGT) 

which contains the same key, (KC,TGS), encrypted using a long term key shared between AS 

and TGS. Steps 1 and 2 represent the authentication phase exchange. 

 The next phase, steps 3 and 4, are carried between the client (C) and TGS. In this phase the 

client authenticates itself to TGS by sending a timestamp encrypted using KC,TGS. The client 

also sends the ticket TGT granted by AS, also it sends the name of the server S that it wants 

to communicate with. 

 TGS decrypts the ticket TGT using the key shared with AS (KAS,TGS), and it extracts the key 

KC,TGS. Then it decrypts the message sent by the client and checks the timestamp to see the 

authenticity of client. Then TGS creates a session key (KC,S) to be used between C and S. In 

this exchange the key (KC,TGS) is used to authenticate C to TGS in step 3 and used in step 4 

to encrypt the session key KC,S. TGS also sends the client a ticket (TKTS) to be used with 

the server (S). This ticket TKTS contains the same key, (KC,S), encrypted using a long term 

key shared between TGS and S. 

  Steps 5 and 6 represent the last phase at which the exchange occurs between the client and 

server. In step 5 the client authenticates itself to the server by sending a timestamp 

encrypted under the session key (KC,S). The client also sends TKTS to the server. 
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 The server decrypts TKT and extracts the key (KC,S), and use this key to check the 

authenticity of client message. Then the server authenticates itself to client by sending a 

timestamp encrypted under the same session key. 

 

Since the client passes through steps 3 and 4 for each server it wants to contact, the key (KC,TGS) is 

sometimes called a multisession key, because KC,TGS is used to encrypt many session keys. The 

concept of perfect forward secrecy is lost by encrypting the session keys using the multisession 

keys, and by encrypting the multisession keys using the password derived keys. So the compromise 

of multisession key causes the compromise of all session keys encrypted under it. Also the 

compromise of the password derived key (KU) causes the compromise of the multisession key and 

consequently the session keys. 
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Fig. 1 Original Kerberos v5 Exchange 

PKINIT 

Public-Key Kerberos PKINIT [Zhu and Tung, 2006] is an extension to Kerberos v5 that uses public 

key cryptography to avoid shared secrets between a client and AS; it modifies the authentication 

exchange but not other parts of the basic Kerberos v5 protocol. The long-term shared key (KU) in 

the traditional exchange is typically derived from a password, which limits the strength of the 

authentication to the user’s ability to choose and remember good passwords; PKINIT does not use 

KU and thus avoids this problem. 

 

In PKINIT, the client (C) and AS each has a pair of public-private key (PKC, SKC) and (PKAS, 

SKAS). CertC and CertAS are certificates that prove the authenticity of PKC and PKAS because they 
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are signed by a trusted Certificate Authority. PKINIT can operate in two modes namely public key 

encryption mode and Diffie-Hellman mode. The keys are used during the authentication phase only. 

But they are used in different ways according to the mode. The Diffie-Hellman mode is investigated 

here and shown in Figure (2) because it achieves conditional perfect forward secrecy. 

 

Diffie-Hellman [Diffie and Hellman,1976] key agreement provided the first solution to allow two 

parties, without shared keys, to establish a secret key by exchanging messages over unsecured 

channel. But it does not achieve authentication. Authentication is achieved here using the 

certificates. The key (KC,TGS = g
ab

) cannot be derived from Diffie-Hellman (D-H) exponents g
a
 and 

g
b
 which are sent publicly. Which means that AS will not send the key to the client encrypted under 

any key. So the compromise of the client’s long term key (SKC) will not help to get the key 

(KC,TGS). This provides perfect forward secrecy. But (KC,TGS) is also found in TGT encrypted under 

the long term key (KAS,TGS) shared between AS and TGS. This yields the fact that the compromise 

of (KAS,TGS) causes (KC,TGS) to be compromised, meaning that perfect forward secrecy is not 

achieved. That’s why we call it conditional perfect forward secrecy, because under the assumption 

that (KAS,TGS) is shared between two well protected servers, the possibility of compromise is small 

but not impossible. 

 

This extension involves several time consuming operations at both the client side and AS side 

because the goal was to deal with dictionary attacks on passwords. 
  

Client Side 

 Evaluating g
a
. 

 Digital signature creation using SKC. 

 Digital signature verification of CertAS. 

 Digital signature verification using PKAS. 

 Evaluating g
ab

. 

 

AS Side 

 Digital signature verification of CertC. 

 Digital signature verification using PKC. 

 Evaluating g
b
. 

 Evaluating g
ab

. 

 Digital signature creation using SKAS. 

 

PROPOSED EXTENSIONS 

The PKINIT using Diffie-Hellamn achieves conditional perfect forward secrecy, but it involves 

many public key operations and the requirement of certificate authority. This adds many changes to 

the original Kerberos. In the following sections some extensions are proposed to achieve perfect 

forward secrecy or conditional perfect forward secrecy with as little changes to Kerberos as 

possible. The extensions also consider the reduction of public key operations as possible. Four 

extensions are proposed, two of them modify the Client-AS exchange achieving conditional perfect 

forward secrecy, while the remaining two modify the Client-Server exchange achieving perfect 

forward secrecy. The solutions assume the password based authentication even that it has some 

weaknesses, but it stills the main authentication approach in most systems, so certificates are 

avoided. By that we minimize the changes made to Kerberos which simplifies its implementation in 

the future. 
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Fig. 2 Diffie Hellman based PKINIT exchange 

Changing The Client-AS Exchange (First Extension Group) 

The first extension group changes the exchange between the client and the authentication server 

(AS); this group has two extensions which are presented in part A and B below. 

 

A) The extension uses the same concept of PKINIT with Diffie-Hellman but without the use of 

certificates. Figure (3) shows this extension, where only steps 1 and 2 are modified. The idea is 

to get (KC,TGS) without being sent encrypted under a long term key. To accomplish this, the 

client generates private information (a) and sends public information (g
a
). AS generates (b) and 

sends (g
b
). Then both calculate g

ab
, while no one other than the two can find this value because 

the publicly known info is only g
a
 and g

b
, this achieves perfect forward secrecy. h(g

a
) represents 

the hash of g
a
, and is sent encrypted under KU such that AS can be sure of the authenticity of g

a
. 

On the other hand h(g
a
 ,g

b
 ) is sent encrypted under KU to prove the authenticity of g

b
 to the 

client, and to acknowledge the reception of g
a
. The hash is sent instead of the information itself 

because it is smaller in size. The size of the hash output depends on the algorithm used and not 

on the size of input information. Some hash functions that can be used are MD5, SHA-1, and 

SHA-2. The recommended one is the SHA-2 in its various sizes. Also the National Institute of 

Standards and Technology (NIST) has launched a public competition to develop a new 

cryptographic secure hash algorithm, which NIST is naming "SHA-3" which is expected to be 

finally presented in year 2012 [William, 2008]. 
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Like PKINIT in previous section, this approach achieves conditional perfect forward secrecy, 

since KC,TGS is sent encrypted using KAS,TGS inside the TGT. Since certificates are not required it 

gives some advantages concerning the computational load on the two parties, and the 

communication cost. The time consuming operations are given below: 

 

Client Side 

 Evaluating g
a
. 

 Evaluating g
ab

. 

 

AS Side 

 Evaluating g
b
. 

 Evaluating g
ab

. 
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Fig. 3 Client-AS Modified Kerberos Proposed Exchange 

B)  A simple modification to the previous extension is to send the public D-H exponents (g
a
) 

and (g
b
) encrypted under KU, as shown in figure (4). This adds additional security in the sense 

that D-H security is based on the concept that knowing (g
a
) and (g

b
) it is impossible to find g

ab
. 

Here, (g
a
) and (g

b
) are not public so the problem becomes harder on the adversary. This 

modification keeps the same advantages of the previous solution with small increase in 

computational time caused by the encryption and decryption of (g
a
) and (g

b
). Since (g

a
) is sent 

encrypted under KU then AS will be sure of the authenticity of (g
a
), so it is not necessary to 

calculate h(g
a
) and send it encrypted under the same key. In the same manner in the second step 

it is not required to send the hash of (g
b
) encrypted under KU. The message in the first step is 

smaller in size than in the previous extension by the size of h(g
a
). On the other hand the second 
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step is of same size as previous extension because h(g
a
,g

b
) has the same size as h(g

a
) by the 

definition of hash functions. 
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Fig. 4 Client-AS Modified Kerberos Proposed Exchange With Encrypted Public Exponents 

 

Changing The Client-Server Exchange (Second Extension Group) 

This group changes the messages exchanged between the client and the server, it also has two 

possible algorithms presented in A and B below. 

 

A) In this algorithm the steps 1 to 4 of the handshake are kept the same as the original Kerberos. 

The change occurs in the handshaking between the client and server to get the session key as 

shown in figure (5). Here the session key is derived using D-H which adds perfect forward 

secrecy, because the session key cannot be compromised when any one of (KU , KC,TGS , 

KAS,TGS, KTGS,S ,or KC,S ) is compromised. This is more secure than the previous one due to 

perfect forward secrecy and due to the fact the session key is only known by the two 

communicating parties, client and server. Where the role of other parties (AS and TGS) is only 

authenticating the client. While in previous cases the AS and TGS are involved in the 

generation of the session keys. 

 

The hash values are used as in subsection 4.1 to achieve message authenticity of g
a
 and g

b
 and 

to acknowledge the reception of g
a
. 

 

The computational load on the client is the same as in previous section. But the overhead in 

computation is now on the server and not on AS as above. 
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Client Side 

 Evaluating g
a
. 

 Evaluating g
ab

. 

 

Server Side 

 Evaluating g
b
. 

 Evaluating g
ab

. 
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Fig. 5 Client-Server Modified Kerberos Proposed Exchange 

 

 

B) Simple modifications can be made in a similar way to the modifications in part B of previous 

subsection 4.1. This is shown in figure (6). The Diffie-Hellman computations are the same as in 

part A, but the data to be symmetrically encrypted is larger in size which means more 

computational time. But this time increase is very small when compared with public key 

operations.  

 



Journal of Engineering Volume 16 march 2010      Number1   
 

 

 

3444 

M
u

lt
is

e
s

s
io

n

K
e

y
S

e
s

s
io

n
 K

e
y

M
e

s
s

a
g

e

E
x

c
h

a
n

g
e

A
u

th
e

n
ti

c
a

ti
o

n

C
li
e

n
t 

(C
)

T
ic

k
e

t 
G

ra
n

ti
n

g

S
e

rv
e

r 
(T

G
S

)

S
e

rv
e

r 
(S

)

)1(

}1{,,
UKTimeTGSC

)2(

}2,2,,{, , UKTGSC LTimeTGSKTGT

)3(

}3,{,,
,TGSCKTimeCTGTS

)4(

)4,4,,{,
,, TGSCKSCS LTimeSKTKT

)5(

},5,{,
,SCK

a

S gTimeCTKT

)6(

}),(,6{
,SCK

ba
gghTime

KnMessagesApplicatio }{

ab

KSCS

KTGSC

gK

LifetimeL

LTimeSCKTKT

LTimeTGSCKTGT

TGSS

TGSAS







:

}4,4,,,{

}2,2,,,{

,

,

,

,

A
u

th
e

n
ti

c
a

ti
o

n

S
e

rv
e

r 
(A

S
)

 
 

Fig. 6 Client-Server Modified Kerberos Proposed Exchange With Encrypted Public Exponents 

 

COMPARISON BETWEEN FIRST AND SECOND GROUP 

To make the comparison the two groups presented in section 4.1 and 4.2, the following assumptions 

are considered: M clients, N servers, one AS, and one TGS. Figure (7) shows the keys generated for 

each client. The comparison will be taken from security and performance perspectives. 

 

From A Security Perspective 

For the first proposed extension the KC,TGS is generated using D-H, KC,TGS = g
ab

. This key is the 

base for all the keys for each client (KC1,S1, KC1,S2,…, KC1,SN, and session keys), so the compromise 

of KU1 will not compromise the derived keys because KC1,TGS is not dependent on it. But this 

extension achieves conditional perfect forward secrecy because KC1,TGS  is sent encrypted inside the 

TGT encrypted under KAS,TGS so the compromise of the later key compromises KC1,TGS and then all 

other keys (KC1,S1, KC1,S2,…, KC1,SN, and session keys) are compromised. The compromise of 

KAS,TGS is not always considered a problem since it may be difficult to achieve because it is shared 

between AS and TGS which can be highly secured. And in many cases these two parties are 

implemented in the same server which reduces the risk of compromise. A possible enhancement is 

to periodically change this shared key, thus compromise of KAS,TGS will compromise only the keys 

created during the period of validity of this key (before it changes). This is not a difficult change 

since it involves two parties only, AS and TGS. 
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For the second extension, the session key is the one generated using D-H while all other keys 

remain as in the original Kerberos, K= g
ab

 . So the compromise of any key (KU , KC,TGS , KAS,TGS , or 

KC,S ) will not compromise the session key K. This gives perfect forward secrecy. 
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Fig. 7 Key Generation Steps in Environment With M Clients, N Servers, one AS, and one TGS 
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From A Performance Perspective 

The computational load on all parties can be found by locating the public key operations 

(exponentiations). For the first extension where KC,TGS= g
ab

 and according to the model shown in 

the figure: 

 

 Each client will evaluate g
a
 and g

ab
 once for the entire login time, so it sums to 2 operations 

by each client. 

 AS will evaluate g
b
 and g

ab
 once for each client which means 2M operations. 

 All other parties have no comparable computational load. 

 

For the second extension where the final session key between client and server is g
ab

: 

 

 Each client will evaluate g
a
 and g

ab
 once for each server, which gives 2N operations by each 

client. 

 AS and TGS have no comparable computations. 

 Each server will evaluate g
b
 and g

ab
 once for each client, then each server has to do 2M 

operations. 

 

It is clear that the first extension has overall lower computations than the second extension. The 

first has less load on both the clients and servers, with higher load on the AS. So in general the first 

case outperforms the second one, keeping in mind that the former gives only conditional perfect 

forward secrecy, while the later gives perfect forward secrecy. But there are three main points that 

must be taken into account. 

 

The first point that must be considered is that the first extension has a high load on the AS, but in 

the second extension the load is the same as in original Kerberos, and it is negligible when 

compared with public key operations. The high load on AS can be a serious problem in some 

situations, because AS may become a bottleneck. This case can happen on the system startup, 

where all clients try to authenticate themselves to AS at the same time. 

 

The second point is the fact that not all clients will communicate with all servers. So the load in first 

extension is mainly on AS and is highly constant at 2M. While in second extension the load is 

mainly on clients and servers. The load on client depends on its communication demand, i.e. load 

increases linearly with the number of server it needs to connect. The load on server depends on the 

clients’ demands, i.e. load increases linearly with the number of clients needing to communicate 

with that server. And in general it is not likely that these communication requests occur 

simultaneously, i.e. the requests are generally randomly distributed in time and among servers. As 

opposed to the requests to AS which may happen simultaneously. This distribution gives a reduced 

effect on the servers at any moment. 

 

The last point is that the second group of extensions gives the clients and servers the flexibility to 

agree to use the extension or stay in the original Kerberos mode. This is a per session decision 

between client and server to achieve perfect forward secrecy or to achieve higher performance with 

lower security. 
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CONCLUSIONS AND FUTURE WORK 

Throughout this work, analysis of Kerberos has been made in its original and PKINIT forms. The 

analysis focuses on the concept of perfect forward secrecy and on the performance of the 

algorithms. Two extensions have been proposed to achieve perfect forward secrecy without 

changing the authentication based on passwords, which differentiates them from PKINIT. 

 

The two extensions proposed are similar in the basic idea that they use Diffie-Hellman to achieve 

the goal, but they differ in the steps where the change is done. The first extension makes the change 

at the Client-AS phase and achieves conditional perfect forward secrecy while the other extension 

achieves perfect forward secrecy by changing the last phase. In general, the first one outperforms 

the second, while the second has better security. 

 

There are many implementation details that are out of the scope of this work, but are important to 

discuss. These details include the size of the keys used and the software implementation of the 

operations in addition to other optimizations in the cryptographic operations. 

 

Another issue to be investigated is how to expand the Kerberos system to be used over larger 

networks that are separated by firewalls and proxies, a problem that original Kerberos suffers from. 

 

An interesting issue is to develop a system that integrates several authentication systems based on 

different cryptographic operations, such as the certificate authorities, SSL, and Kerberos. 

 

 

REFERENCES 

 

 Cervesato, I., Jaggard, A. D., Scedrov, A., Tsay, J.-K.  and Walstad, C.,  2008, “Breaking 

and Fixing Public-Key Kerberos”, Information and Computation, Volume 206,  Issue 2-4, 

Pages 402-424. 

 

 Diffie, W. and Hellman, M.E., November 1976, “New Directions in Cryptography”. IEEE 

Transactions on Information Theory, Vol. IT-22, No. 6, pp. 644-654. 

 

 Menezes, A., van Oorschot, P., and Vanstone, S., 1996, “Handbook of Applied 

Cryptography”, CRC Press. 

 

 Miller, S., Neuman, C., Schiller, J., and Saltzer, J., December 21, 1987. “Kerberos 

Authentication and Authorization System”, M.I.T. Project Athena, Cambridge, 

Massachusetts. 

 

 Ozkan, M., 2003, “High-speed ECC based Kerberos Authentication Protocol for Wireless 

Applications”, Global Telecommunications Conference. GLOBECOM '03. IEEE, vol. 3, pp. 

1440-1444. 

 

 Sirbu, M., and Chuang, J., 1997, “Distributed Authentication in Kerberos Using Public Key 

Cryptography”. Symposium on Network and Distributed System Security. San Diego, 

California: IEEE Computer Society Press.. 

 

 William E., 2008, "A New Hash Competition", IEEE Security and Privacy, vol. 6, no. 3, pp. 

60-62. 

 

http://ieeexplore.ieee.org/xpl/RecentCon.jsp?punumber=8900


Journal of Engineering Volume 16 march 2010      Number1   
 

 

 

3449 

 Wu, T., February, 1999, “A Real-World Analysis of Kerberos Password Security”, 

Proceedings of the 1999 Internet Society Network and Distributed System Security 

Symposium, San Diego, CA. 

 

 Zhu, L., and Tung, B., 2006, “Public Key Cryptography for Initial Authentication in 

Kerberos (PKINIT)”. IETF RFC: 4556. 

 

 Zhu, L., Jaganathan, K., and Lauter, K., 2008, “Elliptic Curve Cryptography (ECC) Support 

for Public Key Cryptography for Initial Authentication in Kerberos (PKINIT)”, IETF RFC: 

5349. 

 



Journal of Engineering Volume 16 march 2010      Number1  
 

 

 4606 

 

 

 

 

 

 

 

 

STUDY OF CO AND NOx EMISSIONS OF S.I.E FUELED WITH 

SUPPLEMENTED HYDROGEN TO GASOLINE 
Miqdam T. Chaichan                                                                                                               

    Lecturer assistant, Mechanical Eng. Dep., University of Technology, Baghdad, Iraq 

 
ABSTRACT 
     This paper include study of CO and NOx emissions exhausted from single cylinder, 4-stroke S.I. 

engine, Ricardo E6, with variable compression ratio, spark timing and equivalence ratio, worked by 

supplementary hydrogen to gasoline. 

     The speed of 25 rps and higher useful compression ratio (HUCR) were chosen in studying the 

effect of wide range of equivalence ratios and spark timing on CO and NOx emissions submitted 

from engine. 

    The study showed that exhaust gas emissions depend mainly on equivalence ratio. 

The higher value of NOx concentrations was in lean side near the stoichiometric equivalence ratio, 

and reduced when getting far from this ratio. 

    CO concentrations were too small in the lean side, and the effect of equivalence ratio on it was 

too small in this side also, it increased in the rich side. 

    It was observed that retarding spark timing reduces the NOx concentrations by a large 

percentage; there was no effect of spark timing on CO concentrations. 

    The effect of speed on NOx concentrations was studied, and it was observed that these emissions 

became higher at medium speeds and reduced in higher and low speeds, CO concentrations 

increased with increasing speed also. 

    NOx concentrations increased with increasing hydrogen volumetric ratio in mixture while CO 

concentrations reduced by this increase.  

 

 لمحرك اشتعال بالشرارة يعمل بإضافةNOx  و  COدراسة ملوثات 
 للجازولينالهيدروجين  

  الخلاصة
                نمممم   مممم   حمممم ا سحمممم ةب ايلمممما ان   بمممم ار اي مممم اا    مممم  ب ل مممم ا     الن تجمممم  CO   NOxالبحمممما ة المممم      مممم    تضمممم      

(Ricardo E6/US)    بنلمم   ل جم و ل  اله ممة  ج    إضم ع   انمة  ت  مم  ذب نلمب  انضمم  ا  ت   م   م    نلممب   س عةم   لم ا
 .حج     ت    

 هممر نلممب  اانضمم  ا  النلممب  ال س عةمم   ت   مم   ال حمم ا   امم ة      مم  ا مم الة المم  عممر بحمما تممي     ت  مم ا   ة لمم    ت سممو    
عمر ة الم  تمي     مة   ال   م اانضم  ا الن ع م    نلمب  (25rps)عقة اخت    اللم ا   ال ت   ا    ة حةة  ب ض   الل ا  ال    

 .  الع    النل  ال س عة   ت     ال   
ب يلمم ع ا مم  النلممب  ال س عةمم     ممة  مم    ال    مم   ال ة  لمم  سس لمم ة   ت ممةتنتمم ةا الة المم  س      مم   ال مم و ال مم ة   سظهمم     

 . س   سسل ة الس ب   الن ت  ج  
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   تقم  الت اس مو ب ابت م ة ام  ت ما الصمح ح عر سا        له  عر الج ن  الض  ف     النلمب  الس    ة م   NOxت اس و  تس     
 تموةاة عمر الج نم  ال نمر   ال س عةم  ب لنلمب       عمر الج نم  الضم  ف   تتمي     م     عتس   COت اس و النلب  لج نبر الخ  ا  س   

 سبسب      ل    حظ  بنلب  NOx  س   ل حظ س  تيخ   ت     ال     ق      ت اس و الج ن  تتي   س   ا  ب لنلب  ال س عة  عر هذا 
 .COتي    لت     ال    ا   ت اس و 

ال نخاضم   ل لم  سنهم  تسم   سا م  انمة اللم   ال ت لما    تمنخاض همذي الت اس مو   ل حظ NOx  ت اس و تي    الل ا  ا  ة ع   
 .الل ا  بو  ة  CO ال  ل    س   توةاة ت اس و 

 .الو  ة  بهذ  COنلب  اله ة  ج   الحج    ب لخ  ا  ب ن   تق  ت اس و  بو  ة  NOxت اس و  توةاة
 

KEY WORDS 

Hydrogen, gasoline, emission, nitric oxides, NOx, carbon monoxide, CO, compression ratio, 

equivalence ratio, spark timing, speed.  

 

INTRODUCTION 

Motor vehicle presently powered by conventional petroleum fuels consume about one-third of 

the world's oil consumption. The fast rates of depletion on the global oil supply system possess a 

threat to the transportation sector. Therefore, for the safe survival and growth of the existing 

vehicular network, substitutes to conventional petroleum fuels must be discovered (Akehurst, 

2002). 

Besides suffering from the problem of scanty global supply, the modern transportation system 

that is built on internal combustion engines also happens to be the major source of several health 

threatening pollutants. Therefore, an ideal long-term substitute to petroleum fuels should possess an 

infinite source potential and the least environmental pollution characteristics. Hydrogen fuel exactly 

caters to such need (Vianna, 2005). 

A neat hydrogen – operated engine gives out water as main combustion product, It does not 

produce significant amount of CO, HCs, SOx, smoke, lead or other toxic metals, sulfuric acid 

deposition, ozone and other oxidants, benzene and other carcinogenic compounds, formaldehyde, 

CO2 and other greenhouse gases. In a well designed neat hydrogen fueled engine a very small 

portion of the lubricant cauting on the chamber walls is burnt thus producing negligtable amount of 

hydrocarbon and carbon monoxide. However, in hydrogen- supplemented engines, some of these 

pollutions could be presents in proportions much smaller than that of the corresponding petroleum 

fueled engine (Das,2005). 

Oxide of nitrogen (NOx) happened to be the only major pollutant of concern, whether it is 

hydrogen specific or hydrogen supplemented engine (Shasby, 2004). 

In addition to the above mentioned pollutant, a very small amount of hydrogen peroxide is also 

given out by a hydrogen engine under specific operation conditions(Das, 1991). 

In this paper, however, we restricted to the effect of some major pollutants (CO and NOx), and 

the influence of some operational and designing parameters on them with respect to hydrogen 

supplemented engines. 

The damaging effects of CO in preventing oxygen transport from the blood into the tissues are 

too well known to be further emphasized. Also, it has been found that CO also plays a critical role 

in increasing the concentration of several greenhouse gases and thus disturbs the climate effect 

(Vianna, 2005). 

The present global level of CO is increasing and motor vehicles account for the major part of 

CO emissions in urban areas. It has been estimated that the level of CO in the lower atmosphere is 

increasing between 0.8 and 1.4% by year. CO and unburnt hydrocarbons (UBHC) will be 

intrinsically absent in a total hydrogen operated engine, however, they could be caused in hydrogen 

supplemented systems (Das, 1990). 
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(MacDonald, 1976) in his investigation studied the effect of CO emissions from hydrogen 

supplemented multi cylinder engine, it was observed that the CO level decreased within 

equivalence ratio of 0.55 and was increased with further leaning. This decrease in CO emission 

level was contrary to usual expectations. The possible explanation of such a trend, as given out by 

the investigator were that perhaps a hydrogen rich combustion seriously influenced "temperature 

and specific profile in the combustion chamber quench layer", thereby resulting in a change of the 

origin of CO. Additionally this situation could have "increased the hydroxyl radical concentration" 

which help in increase the rate of oxidation of CO to CO2. 

(Li Jing-ding and Lu Ying- qing, 1984) observed extremely low quantities of CO in the exhaust 

emitted out of their experimental engine set up, even though theoretically, no CO is supposed to be 

present, the CO emission level get decreased as the load is reduced in a practical operating engine 

system. It is a very difficult to get a perfect homogenous mixture. 

This gives rise to some amount of CO. In addition, high temperature conditions and the 

dissociation effects of hydrogen in the engine cylinder result in resolving CO2 to CO. 

Recent research indicates that ozone (O3) in the troposphere is the main gradients of smog. This 

gas is created in sunlight driven reactions involving nitrogen oxides (NOx). Controlling NOx is also 

essential to reduce the deposition of citric acid, which happen to be a principal component of acid 

rain (Das, 2005). 

Mobile sources are responsible for the major contribution of NOx levels to the environment. 

Unfortunately, NOx happen to be the major pollutant of concern from hydrogen engines. Whether 

the engine is operating on a net hydrogen fuel or it happens to be a hydrogen-supplemented system, 

there is bound to be some level of NOx emissions (Murray, 1971). 

The level of NOx emissions depend on combustion temperature, availability of oxygen, and 

time available for its kinetic process. It has been discovered that NOx level peak around 

stoichiometry due to higher combustion temperature and availability of sufficient oxygen. NOx 

emission is greatly influence by changes in equivalence ratio. It was also experimentally determined 

that spark timing which proved to be extremely important parameter for NOx production (Varde, 

1984). 

The compression ratio was observed to be influencing the level of NOx concentration. An 

increase in compression ratio results in higher level of NOx because of increase temperature 

conditions. This situation also leads to high flame speeds, which in consequence reduces the 

residence time. However, it was observed that between the two factors, such an increased 

temperature and decrease residence time, the effect of the former predominate thereby resulting in a 

high NOx level which higher compression ratio
 
(Das, 1987). 

The results reported by (Parks, 1976) on hydrogen enrichment observed that NOx reached a 

peek value at an equivalence ratio of around 0.8, as an overall effect of combustion temperature 

coupled with sufficient oxygen availability. As the mixture leaned beyond an equivalence ratio 0.8 

and more oxygen became available, NOx still showed a decreasing trend because of lower 

combustion temperatures. It was thus observes, in general, leaner operation allowed by hydrogen 

addition to gasoline will reduce NOx emissions. However, the phenomenon of high flame 

temperature associated with hydrogen does influence its combustion temperature, which causes the 

increase of NOx emission at a given equivalence ratio. 

A part from excessive spark advance (Murray, 1971), exhaust gas recirculation (Das, 1991), 

water injection (Das, 1987) and use of exhaust gas reduction catalysts (Das, 1990) have been 

successfully adopted for NOx control. Results of detailed study on the effects of diluents shows that 

both water injection and EGR are equally effective in reducing NOx levels (Das,1990). 

 

EXPERIMENTAL TECHNIQUE 

The investigation were carried out on single cylinder ,4-stroke spark ignition Ricardo E6/US 

engine with variable compression ratio, spark timing and equivalence ratio , operated with 
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hydrogen enriched gasoline, hydrogen was supplied to air manifold by means of nozzles system and 

pressure regulator to achieve mixing rate. 

 The following instruments were used for the analysis of the emissions: 

 A non – dispersing infrared analyzer for CO. 

 A magnetic oxygen analyzer for O2. 

 A chemiluminescence analyzer for NO and NO2. 

The engine was operated with pure gasoline , pure hydrogen and with hydrogen – gasoline 

mixtures, a wide range of equivalence ratio effect on emission concentrations at HUCR and 25 rps 

engine speed. 

Engine performance studied to get HUCR for each fuel and for the mixtures, then start studying 

addition of hydrogen on volume basis where (hydrogen volume fraction, HVF= VH2/ VH2+Vgasoline). 

 

DISCUSSION 

 

- CR Effect 

Engine was operated in different compression ratios starting from 6:1 to 9.0:1, with OST and 25 

rps engine speed, for wide range of equivalence ratios, to study the effect of hydrogen 

supplementation for three volumetric fractions(HVF=0.3, 0.6, 0.9)to gasoline on NOx 

concentrations. 

The results shows constant effect, increasing hydrogen volumetric fraction increases NOx 

concentrations in lean side, and reduces in rich side, the maximum value of these concentrations 

increased. This is obvious in fig. (1), which was chosen as a sample for this constant behavior, 

where 9:1 is HUCR for hydrogen – gasoline mixtures and HUCR for gasoline alone was 8:1. 

The increase of NOx concentrations in lean side because of three parameters: oxygen 

availability and high combustion speed because of hydrogen presence, and the high heating value of 

gasoline on volume basis. The decrease in NOx concentration in rich side because of oxygen lack, 

dissociation reactions with low reaction rate freeze, reaction time shortage , it also appear from the 

figure that mixture influenced in great manner with hydrogen supplementation. 

Compression ratio effect on mixture seems to be constant also, NOx concentrations increased in 

lean side and reduced in rich side with CR increase, because CR improves Combustion operation 

and increase flame spreading velocity, and NOx concentration limited by two other parameters, 

which are oxygen availability and available reaction time. 

Fig. (2) shows the effect of changing CR from 6:1 to 9.0:1 on NOx concentration maximum 

value, for different hydrogen volumetric fractions in fuel, at OST and 25 rps engine speed. 

Increased HVF in fuel increases the maximum value of NOx concentration for HVF=90%, after 

that NOx reduces when engine operated with hydrogen fuel alone, this indicates the influence of 

high heating value of gasoline on volume basis. 

Increasing CR causes reduction in maximum value of NOx concentration, that is because of 

reduction in time available where OST retarted to get the best engine power and to avoid knock. 

Hydrogen was supplied in four volumetric fractions ( HVF= 0.3, 0.6, 0.8, 0.9) to gasoline, and 

the study done for four different compression ratios (6, 7, 8, 9) to examine CO concentrations for 

wide range of equivalence ratios. 

The results conduct constant effect, hydrogen increase in mixture reduces CO concentration in 

exhaust gas, in rich side where CO concentrations are obvious, because of the reduction in carbon – 

to hydrogen atoms percentage in whole fuel.  

This is obvious in figs (3 and 4), which was chosen as a sample for this constant behavior, 

where 8:1 is the HUCR for gasoline, and 9:1 is the HUCR for mixtures used in research. 

From the figures it is apparent that increasing CR increases CO concentrations in exhaust gas, 

because of reversed dissociation for CO2 molecule to CO with increasing combustion temperature. 
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Equivalence Ratio Effect 

Fig. (1) appears equivalence ratio effect on NOx concentrations, where NOx maximum value is 

at (Ø=0.96) with gasoline use, and with HVF increase in fuel it reaches (Ø=0.82) at HVF=0.9. 

The fast reaction of hydrogen oxygen causes apparent lack of oxygen in combustion chamber, 

at the same time, this reaction gives very high temperature for equivalence ratios from Ø=0.8 to 

Ø=0.9, That is why the maximum NOx concentration is layed at values leaner than (Ø=0.96) when 

hydrogen added to gasoline. 

Engine works at equivalence ratio leaner than Ø=0.7 gives very low NOx concentrations. 

Figs. (3and 4) conduct that CO concentration in exhaust gas are very low for equivalence ratios 

less than Ø=0.96, it reached approximatly zero at very lean equivalence ratios less than Ø=0.8,  and 

it increased after this ratio; hydrogen addition reduces these concentrations as it been mentioned 

above. 

Fig. (5) shows hydrogen addition effect on NOx concentrations, for specific chosen equivalence 

ratios when working with HUCR and 25 rps. 

From the figure, increasing HVF increase NOx levels in lean side in large and obvious rate, this 

is appeared in equivalence ratios Ø=0.7 and Ø=0.8 curves, because of fulfillment of the following 

parameters: Oxygen availability, high combustion rate caused by hydrogen fast burning velocity 

and gasoline high heating value on volume basis, the later appeared to be the reason for NOx 

increase at Ø=0.8 more than that at Ø=0.7 although the two equivalence ratios are lean. 

NOx levels decrease for equivalence ratios (Ø=1, 1.1, 1.3) although HVF increase, because of 

lack of oxygen needed for reactions and dissociation reactions increase. 

 

- Speed effect 

Figs. (6 to 8) show the effect of different speeds on NOx, for wide range of equivalence ratios, 

at different HVF's in fuel, at HUCR=9:1 and OST. 

NOx concentrations were higher at medium speeds (25-30rps), and decrease at low speed       

(20 rps) and high speed (35 rps). 

The maximum cycle temperature is low at low speeds, because of increased dilution and long 

combustion time, but in medium speeds NOx concentration increases, because of high cycle 

temperature, and in high speeds these concentrations go down because of shortage of time needed 

for oxygen and nitrogen reaction, also chemical dissociation increases because of high-rise in 

maximum cycle temperature. 

Figs. (from 9 to 11) illustrate different speeds effect on CO levels for wide range of 

equivalence ratios and for different HVF's in fuel at HUCR and OST. 

CO concentrations decrease with HVF increase in mixture, but with speed increase CO levels 

increase in exhaust gases, because of combustion temperature increase with speed increase, what 

increases in return dissociation reactions for CO2 gas to CO, also, the short time required to oxide 

all CO gas to CO2, lack of oxygen in combustion chamber in rich side. 

 

- Spark timing effect 
Spark timing give an advantage to gasoline – hydrogen mixtures, compared with hydrogen 

alone, when they are used in SIE. The engine operated with neat hydrogen as fuel need to change 

spark timing always to fit working equivalence ratio. Therefore, range of spark timing changing is 

very narrow and limited with existence of high-pressure rates before top dead centre, when timing 

is advanced away from its OST by few degrees and with hydrogen-air mixture pre-ignition when 

retarding the timing by few degrees. Pre-ignition do not happen to gasoline – hydrogen –air 

mixture, when retarding spark timing in any circumstances, but it happened only if high-pressure 

rates occur before top dead centre. In this case, a very high heat produced in combustion chamber 

causing hydrogen – gasoline mixture to burn before the spark plug ignited. Therefore, spark timing 

effect on NOx levels can be studied in hydrogen supplementation system, although it cannot be 

studied in neat hydrogen case. 
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Fig. (12) shows the relation between NOx concentrations and spark timing degrees for three 

definite equivalence ratios (Ø=0.7, 0.8, 1.3) for mixture of air-gasoline and hydrogen, HVF=90%. 

This fraction was chosen because it gave the maximum NOx concentration at HUCR and 25 rps. 

Retarding spark timing at equivalence ratio (Ø=0.7) by 15 degrees cause decrease in NOx 

concentration about 40%. At equivalence ratio Ø=0.8  where the maximum NOx levels laid near , 

retarding spark timing about 15 degrees cause degrease about 35%, but at Ø=1.3 NOx concentration 

reduced with same retarding degrees about 2.5%. 

Retarding spark timing is a very important parameter for limiting and reduces NOx 

concentrations. 

There was no effect of spark timing in CO concentrations. 

 

    CONCLUSIONS 

 NOx concentrations increased with hydrogen supplementations to gasoline-air 

mixture at lean side for about 10 times, and decreased in rich side about 30%, the 

maximum value of this emission increased about 40% also. 

 CO concentrations reduce with hydrogen supplementation to gasoline–air mixture 

in obvious manner at rich side at about 65%. 

 NOx concentrations increase with CR increase in lean side and reduce in rich side. 

Also, the maximum concentrations reduce with hydrogen supplementation to 

gasoline-air mixture. 

 CO concentrations in exhaust gas increase with CR increase. 

 NOx concentration increase with speed increase from low (20 rps) to medium (25-

30 rps) speeds, these concentrations decreases with speed increase from medium to 

high (35 rps) speed. In addition, CO concentration increases with speed increase. 

 Retarding spark timing reduces NOx concentration in high percentage for lean 

equivalence ratio ( about 40% at Ø=0.7), and for maximum values (35% at Ø=0.8) . 

NOx concentrations reduce also in rich side for a little extent (about 2.5% at 

Ø=1.3). 

 Spark timing do not affect CO concentrations. 
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NOMENCLATURE 

CO  carbon monoxide 

NOx Nitrogen oxides 

Rps revolution per second 

CR  compression ratio 

OST optimum spark timing 

Ø  equivalence ratio= (A/F)stochiometric/(A/F)actual 

 

 

 

 

 

 

 

 

 

    

   

 

 

 

 

 

 

 

 

 

Fig. (1), the effect of hydrogen supplementation for three volumetric fractions to gasoline on NOx 

concentrations for wide range of equivalence ratios at HUCR and OST 
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Fig. (2), the effect of changing CR from 6:1 to 9.0:1 on NOx concentration maximum value, for 

different hydrogen volumetric fractions in fuel, at OST and 25 rps engine speed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3), the effect of hydrogen supplementation for four volumetric fractions to gasoline on CO 

concentrations for wide range of equivalence ratios at CR=8:1 , OST and 25rps 
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Fig (4), the effect of hydrogen supplementation for three volumetric fractions to gasoline on CO 

concentrations for wide range of equivalence ratios at HUCR=9:1, OST and 25 rps 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5), hydrogen addition effect on NOx concentrations, for specific chosen equivalence ratios 

when working with HUCR for each HVF and 25 rps. 
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Fig (6), the effect of low speed (20 rps) on NOx concentrations, for wide range of equivalence 

ratios, at different HVF's in fuel, HUCR and OST. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7), the effect of meduim speed (30 rps) on NOx concentrations, for wide range of 

equivalence ratios, at different HVF's in fuel, HUCR and OST. 
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Fiq. (8), the effect of high speed (35 rps) on NOx concentrations, for wide range of equivalence 

ratios, at different HVF's in fuel, HUCR and OST. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (9), the effect of low speed (20 rps) on CO concentrations, for wide range of equivalence 

ratios, at different HVF's in fuel, HUCR and OST. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (10), the effect of meduim speed (30 rps) on CO concentrations, for wide range of 

equivalence ratios, at different HVF's in fuel, HUCR and OST. 
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Fig. (11), the effect of high speed (35 rps) on CO concentrations, for wide range of equivalence 

ratios, at different HVF's in fuel, HUCR and OST. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (12), the relation between NOx concentrations and spark timing degrees for three definite 

equivalence ratios (Ø=0.7, 0.8, 1.3) for mixture of air-gasoline and hydrogen, HVF=90% 
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ABSTRACT  

 

     Heat input due to the welding of mild steel pipe causes a temperature gradient in the parent metal. 

After welding and temperature cooling down, residual stresses appear around welding zone which 

reduces the weld strength. Residual stresses are a result of the temperature gradient and the 

dependency of material properties on the temperature, such as yield strength, elasticity modulus, and 

thermal expansion coefficient.  

     In this study, a typical flat joint of a single pass weld in a thin pipe was studied analytically and 

numerically. Analytical approach is performed by exploring a simple method to calculate the 

magnitude of residual stress in terms of the weld shrinkage behavior. Numerical analysis is 

performed by applying non-linear transient heat transfer analysis using welding parameters, such as 

heat generation, free or force convection with ambient, are performed using a general purpose FE 

package ANSYS 8.0 in order to obtain the temperature distribution in the welded parts. A non-linear 

thermal-elastic-plastic stress analysis is then performed using the same package to predict the stress 

fields during and after welding. 

 الخلاصة
بعبد  .لمعبدن اصلب لحبرارة ال اتدرجب تغيرفب م الإنبوب الفولاذي  يسبببب الحالناتجة عن حرارة أن ال               

اللحبام ممبا تب دي البخ أنخفباض  حبو   منققبة ةظهر إجهاد متبقيتالحرارة  اتدرجاللحام و نتيجة صنخفاض 
 ةالمبادخلباص  الحبرارة وتبعية اتدرجب التغيرفب  نتيجبة تظهبر ةالمتبقيب اتالإجهباد أن .ف  مقاومة المعبدن

 ا البحب فب  ذبذ تبم .حبراريال مبددتال، ومعامب  المرونةمعام   خضوع ،ة المب واقمعلخ درجة الحرارة، مث  
قريقبة تبم فيبأ أسبتخدام المبنه  التحليلب  . اوعددي اتحليلياصجهادات الناتجة عن لحام اصنابيب الرقيقة دراسة 

إسبتعما  تبم فيبأ العبددي  أمبا المبنه  .الإجهاد المتبق  من ناحيبة سبلوإ إنامبال اللحبامبسيقة لحساب مقدار 
بب   و معامبب  اصنتقببا   ،المتولببدة مثبب  الحببرارةمببع عوامبب  اللحببام المختلفببة تحليبب  نقبب  الحببرارة العببابر ال خقب

حلب  نا  ل ANSYS 8.0برنام  التحلي  العددي متعدد اصغراض إستعما  ب، الحراري مع الجو المحيق
حببراري الب سببتيا  الجهبباد الإتحليبب  أسببتخدام    ثببم . علببخ توعيببع درجببة الحببرارة فبب  اصجببعا  الملحومببة

 .مااللحعملية  لتوقبع الإجهاد  أثنا  وبعد البرنام  إستعما  نفس ب خقب  ال
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INTRODUCTION: 

 

     In fusion welding, a weldment is locally heated by the welding heat source. Due to the non-

uniform temperature distribution during the thermal cycle, incompatible strains lead to thermal 

stresses. These incompatible strains due to dimensional changes associated with solidification of the 

weld metal, metallurgical transformation, and plastic deformation, are the sources of residual 

stresses and distortion. 

     Welding-induced residual stresses and distortion can play a very important role in the reliable 

design of welded joints and welded structures. However, the welding process itself is a very complex 

phenomenon, which has not been fully understood, so that distribution and magnitude of residual 

stress is not readily available from the literature [Wu, 2001]. Residual stress distribution and 

distortion in a welded pipe are strongly affected by many parameters and by their interaction. In 

particular, there are structural, material, and welding factors. The structural parameters include 

geometry of the pipes, thickness and diameter and joint type. Among the material parameters 

mechanical and physical properties and type of process employed, welding procedure, current, 

voltage, arc travel speed, and arc efficiency. As a consequence of the non-uniform temperature 

distribution, parts of materials close to the weld are subject to different rates of expansion and 

contraction developing a three dimensional complex residual stress state.  

    The stresses at hoop welds in pipes have been investigated by many previous workers. The most 

recent researches implemented a welding simulation methodology and experimentally validated to 

predict residual stresses on multipass welds. The simulation involves performing thermo-elasto-

plastic analysis using a consistent element activation approach in the mechanical analysis 

[Panagiotis, 1997]. 

       In this paper, mathematical model and finite element simulation of the single pass welding 

process yielding the welding-induced residual stresses in a welded pipe is presented.  

 

RESIDUAL STRESS DUE TO PIPE WELDING: 

 

     Residual stresses are formed by the plastic deformations during the thermal cycle of welding. 

Before welding, the structure is assumed to be at room temperature and free of stresses. During the 

weld thermal cycle, material mechanical properties change drastically, especially when material 

approaches melting point temperature. Therefore, due to the temperature dependence of material 

properties and the large deformation in fusion welding, material and geometrical non-linearity have 

to be taken into account. The initial expansion material due to the temperature increase is 

constrained by material placed away from the heat source, therefore generating compressive stress. 

At a temperature higher than material critical temperature, the material starts exhibiting thermal 

softening where heating results in decrease of flow stress. As phase change occurs deviatory stress 

becomes zero and considerable plastic deformation occurs in the weld metal and the base metal 

regions near the weld. As temperature decreases during the cooling phase, the stress in the 

solidifying material increases, and becomes tensile due to the positive temperature gradient. The 

region placed away from the weld line, will therefore, be in compression since the resultant force 

and the resultant moment induced by residual stress evaluated in any plane section must satisfy 

translation and rotational equilibrium. The plastic strains resulting from the heating causes stress , 

which in turn produce internal forces that may cause buckling , bending , and rotation . These 

displacements are in general called distortion. The residual stress combined with distortion and 
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degradation of the material mechanical properties influence the buckling strength and fatigue life of 

welded structure [Meo, 2003]. 

 

MATHEMATICAL MODEL: 

 

       In a girth-welded pipe, shrinkage of the weld in the circumferential direction induces shearing 

force, Q, and bending moments, M, to the pipe as shown in Fig. (1). the angular distortion caused by 

butt welding also induces bending moment. Distribution of residual stresses is affected by the 

following [Koichi, 1980]: 

     1-The diameter and wall thickness of the pipe. 

     2-The joint design (square, butt, vee, x ….etc). 

     3-The welding procedure and sequence (welded on outside only, welded on both sides, outside first,  

         or welded on both sides, inside first). 

     4-The welding parameters (current, voltage, speed, electrode diameter, type of electrode…etc). 

     5-Material properties.  

    
                

 

 

 

 

 

 
 

 

Fig. 1 Residual stresses in a welded pipe [Norman, 1984] 

 
    The tendon force locked into a weld is defined as the imaginary line load which would produce 

the observed shrinkage parallel to the weld, and is approximately independent of restraint. It may 

therefore be estimated on the basis of the assumption of infinite restraint against any hoop wise 

expansion of the heat material during welding. Then, the residual hoop stress at any point is a 

function of the maximum temperature reached, and the hoop tendon force is obtained by integrating 

the stress distribution. 

     For a surface weld bead, the maximum temperature as a function of the distance r from the weld 

centerline is given approximately by [Norman, 1984]: 

 

  

p

2.max Cρvr

qζ

πe

2
=T                                                                            (1) 

 

Where ζ is the arc efficiency, q the weld power, v the weld travel speed, and ρCp the volumetric 

specific heat. 

     Inside the region where the thermal strain αTmax. is greater than twice the yield strain  σy/E , 

yield occurs in compression during heating, and  then  again  in  tension  during  cooling.  For 

thermal strains  between 

 2σy/E and σy/E, the material yields in compression during heating, but unloads to a sub-yield tensile 

strain during cooling. Material whose maximum thermal strain is less than σy/E does not yield, and 

ends at zero stress for the idealized conditions of infinite hoop wise restraint. 
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     The width of the zone containing yield magnitude tensile stresses (Fig. (2)) can be found by 

substituting Tmax. = 2 σy/Eα in eq. (1): 

 

              
v

qζ

Cρπσe

αE
=r

py

                                                               (2) 

 

   Where E modulus of elasticity, α thermal expansion coefficient, and σy yield strength of the pipe 

material.  

              
 

 

 

 

 

 

 

 
Fig. 2 Hoop tensile zone at girth weld 

     The total force locked into the tensile zone is given by: 

 

F=Aw σyw+ (1.17*2to r-Aw) σy                                                                           (3) 
 

Where Aw and σyw are the area and yield strength of the weld, and the factor 1.17 allows for the sub-

yield tensile stresses between r and 2 r. 

     The inward radial deflection of a circular cylindrical shell loaded symmetrically with respect to 

its axis [Timoshenko, 1959]: 

 

( )[ ]zβcosQ+zβsinzβcosMβ
Dβ2

e-
=y

oo3

zβ-

                              (4) 

 

And hence: 

 

 ( )[ ]zβsin+zβcosQ+zβcosMβ2
Dβ2

e
=

dz

dy
oo2

zβ-

                (5) 

 

 

( )[ ]zβsinQ2+zβsin+zβcosMβ2
Dβ2

e-
=

dz

yd
oo

zβ-

2

2

            (6) 
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Where   
 

4/1

22

2

tR

υ13
β 







 
 ,   

( )2

3

o

υ112

Et
=D    , and R radius of the pipe. 

 

 

 

 

 
 

 

 

 

 

Fig. 3 (a) Shrinkage parameters Ω and F 

                          (b) Corresponding loads at weld centerline 

 
    In order to model the deflections due to a hoop weld centered at z=0, the applied force Qo and 

moment Mo are related to the angular distortion Ω and tendon force F which characterize the 

shrinkages of the weld. 

    The radial shear force is related to the tendon force F by considering radial equilibrium at z=0 

[Timoshenko, 1959]: 

              

R2

F
Qo


                                                                                     (7) 

The bending moment Mo is found by setting 
2

Ω-
=

dz

dy
w

  at z=0 in eq. (5). Hence: 

 

               ( )
ow

2

o
Q+ΩDβ

β2

1-
=M                                                   (8) 

 

Substitution for Qo and Mo in eqs. (4), (5) and (6) gives the radial deflection and its derivatives at 

any distance from the weld.  

     The axial bending stresses σzb on the inner and outer surfaces at any section inside or outside the 

tensile zone are a function of the curvature: 

 

          
( ) 2

2

2zb dz

yd

υ12

Et
=σ                                                             (9) 

 

 

FINITE ELEMENT MODELING PROCEDURES: 

 

     The FE analysis was carried out in two steps. A non- linear transient thermal analysis was 

conducted first to obtain the global temperature history generated during and after welding process. 
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A stress analysis was then developed with the temperatures obtained from the thermal analysis used 

as loading to the stress model.   

The general purpose FE package ANSYS 8.0 was used for both thermal and stress analysis 

performed sequentially. The mesh used in the stress analysis was compatible to that in the thermal 

analysis. The material properties of the weld meld and base metal are assumed to be the same in this 

analysis and it is temperature dependent. The thermal and mechanical material properties are listed 

in table (1) & (2) respectively.  

      In the thermal analysis, the heat was input in four load steps as shown in figure (4) .The nodal 

temperature solution obtained from the thermal analysis were read as loading into the stress analysis 

. In order to capture the residual stress induced due to the heating and cooling cycle , the temperature 

history needed to be read at a sufficient large number of time points, especially where the 

temperature gradient is large . However, the greater the number of the thermal solution steps used, 

the greater the computational time and the larger store space required. 

 

 

 

 

 

 

 

 

 

 

 

Fig.  4   Heat function input during welding [Wu, 2001] 

(t1=.5 sec, t2=3 sec, t3=.5 sec, t4=396 sec) 

Table 1 Thermal material properties used in model [Brown, 1992] 

 

 

NO. T 

Temperature 

°C 

K 

Thermal  Conductivity 

W/m°C 

Cp 

Specific heat 

J/Kg° C 

h 

Convection heat 

Transfer coefficient 

W/m
2
.C 

1.  25 51.9 450 3 

2.  100 51.1 486 5.4 

3.  200 49 519 6.4 

4.  300 46.1 557 7.0 

5.  400 42.7 599 7.0 

6.  500 39.4 662 7.7 

7.  600 35.6 749 7.7 

8.  700 31.8 816 7.7 

9.  800 26 950 8.2 

10.  1000 27.2 950 8.5 

11.  1500 29.7 400 8.5 

12.  1600 29.7 847 9.1 
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Table 2 Mechanical properties used in model [Brown, 1992] 

 

NO. T 

Temperature 

°C 

σy 

Yield stress 

MPa 

ν 

Poisson ratio 

E 

Young
'
s 

Modulus 

GPa 

α 

Thermal 

Expansion 

10
-6

 /º C 

 

1.  25 290 0.3 200 10 

2.  100 260 0.31 200 11 

3.  200 230 0.33 200 11.5 

4.  300 200 0.35 200 12 

5.  400 150 0.37 150 13 

6.  500 120 0.39 110 14 

7.  600 110 0.4 88 14 

8.  700 9.8 0.42 20 14 

9.  800 9.8 0.44 20 14 

10.  1000 9.8 0.48 8 15 

11.  1500 0.98 0.48 0.2 15 

12.  1600 0.0098 0.48 0.00002 15 

 

 

 

RESULTS AND DISCUSSIONS: 

 

         The sample of calculations was made on a single span ASTM214-71 mild steel pipe with (1 

m) length, (25.4 mm) radius, (1.5 mm) thickness. The welded pipe was formed by joining two (0.5 

m) pipes by single pass fusion arc welding. The amount of heat input was found as the product of arc 

efficiency, voltage, and current (Power arc welding =f1 f2VI), Where: f1=heat transfer efficiency, 

f2=melting efficiency, V=voltage, and I=current. We take f1=0.9, f2=0.6, V=30 volt, I=300 Amp,  

using an electrode type E7010-G to make a straight pipe 1m length with welding on its mid span. 

          Fig. (5) Shows the temperature time history at a point in the center of welding. Fig. (6) Shows 

the temperature time history at a path along the length of the pipe at times during and after welding 

predicted by FE analysis. Fig. (7) Shows the nodal solution of the temperature distribution along the 

pipe. It was seen that max. Temperature in a center line of welding equal (1566 ºC) at the moment of 

end welding then decreased and distributed along the pipe. 

       During the welding process, the temperature is locally increased to the melting point of mild 

steel. Moreover, in the heat affected zone of the weld, the temperature reaches high values. The 

mechanical properties of mild steel such as yield strength and elasticity modulus are highly 

depending on the temperature. After welding, the heat energy is dissipated due to convection with 

ambient air causing the steel to cool down and consequently gain its original yield strength. During 

this process of increasing and decreasing the temperature, residual stresses and plastic strains are 

developed. 

    Fig. (8) Shows the longitudinal stress time history at a path along the length of the pipe at times 

during and after welding predicted by FE analysis. The nodal solution of residual stress distribution 
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in Z-direction during and after welding along the top surface predicted by FE analysis is shown in 

fig. (9). It can be seen from these figures that the stress is changed from compression at the 

centerline of weld and tension away from the weld centerline at the end of welding (t=3.5 sec) to 

tension at the centerline of weld and compression away from the weld centerline when it cooled 

(t=400 sec), which are a good agreement between the analytical and numerical results with the 

published results [Wu, 2001; Erika, 2002].  

    The Von Mises residual stress distribution is shown in fig. (10) at time equal 400 sec. Fig. (11) 

Illustrates the results of residual stress distribution along the pipe due to welding. It is clear that the 

predicted residual stress by FE analysis is very close to the analytical analysis at the center of 

welding. It shows a tension peak of σz=225 MPa at weld line and adjacent parent metal going into 

compressive at about Z=10 mm from weld centerline and then blending into the background elastic 

distribution at about Z=30 mm from weld centerline. At position remote from the weld, the stresses 

didn't go to zero, but tend towards a steady value of about 10 MPa compressions. These results agree 

well with theoretical studies of residual stresses, at girth welds in pipes [Norman, 1984]. 

Fig. (12) Shows time variation of plastic strain at a centerline of welding. It is clear that the plastic 

strain increases rapidly during welding and then still constant during cooling. 

     The average values of thermal properties over the applied temperature distribution were used to 

study the effect of temperature dependent material properties on the final residual stress results. The 

residual stress obtained from the FE analysis using constant thermal properties show a significant 

difference from the obtained using temperature dependent thermal and mechanical properties as 

shown in fig. (13), especially in the heat affected zone due to the fact that the yield strength variation 

at higher temperature has less effect. This suggested that care must be taken to identity correctly the 

temperature-dependent yield strength of material which is often not easily determined.  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig.   5  Temperature time history  at a point in the center of welding 
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Fig.  6 Temperature distributions along welded pipe at different times 

 

 

 

  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
  

Fig. 7 Temperature distribution during and after welding 
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Fig.  8 Residual stress distributions along welded pipe at different times 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  9  Residual stress distribution along welded pipe during and after welding  



Journal of Engineering Volume 16 march 2010      Number1  
 

 

 8164 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 50 100 150 200 250 300 350 400

Time ( sec )

P
la

s
ti

c
 s

tr
a
in

-200

-150

-100

-50

0

50

100

150

200

250

300

0.4 0.5 0.6

Distance ( m )

R
e
s
id

u
a
l 

S
tr

e
s
s
 (

 M
P

a
 )

FE

Analytical

 
 

 

    

 

 

 

 

 

 

 
 

 

 

                                                      

 
Fig. 10   Von Mises residual stress distribution in a welded pipe 

  

 

 

 

 

 

 

 
 

 

 

 

Fig. 11   Residual stress distribution along welded pipe 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig. 12   Plastic strain in a centerline of weld  
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Fig. 13   Effect of temperature dependency material properties on the residual stress along a 

weld pipe  

 
CONCLUSIONS: 

    Analytical and finite element analysis are used to determine the residual stresses resulting from 

the single pass welding of mild steel pipe of 25.4 mm radius, 1.5 mm thickness. Following the main 

summarized conclusions raised by this paper: 

1- Welding of a pipe induced residual stresses. It has been seen that these stresses changed from 

compression at the centerline of welding and tension away from the weld centerline at the end of 

welding to tension at the centerline of weld and compression away from the weld centerline when it 

cooled. 

2- The residual stress obtained by using constant thermal and mechanical properties show significant 

difference from that obtained using temperature dependent thermal and mechanical properties 

especially in the heat affected zone.  
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NOMENCLATURE 

 

Symbols  Units 

Aw Area of the weld m
2
 

CP Specific heat of pipe material J/Kg
o
C 

E Modulus of elasticity N/m
2 

F Tendon force N/m 

Mo Bending moments Nm 

Qo Shear force N 

q Weld power watt 

R Radius of the pipe mm 

Tmax Maximum temperature at the weld o
C 

to Thickness of the pipe mm 

v Weld travel speed m/sec 

ζ Arc weld efficiency  

ρ Density of pipe material Kg/m
3 

α Thermal expansion /
o
C 

σy Yield stress of a pipe metal N/m
2 

σyw Yield stress of the weld N/m
2
 

σzb Axial bending stress N/m
2
 

Ωw Angular distortion  
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ABSTRACT 

The behavior of structural concrete beams is studied under short-term loading. A computer 

program developed originally by Oukaili to evaluate curvature is modified to evaluate the deflection 

for flexural structural concrete members. The program deals with actual stress-strain relationships 

of concrete and steel. The analysis is based on requirements of equilibrium and compatibility of 

strain in concrete and reinforcement. The proposed model is used in conjunction with the step by 

step analysis for small loading increments that allows the determination of the history of strain and 

stress in concrete with prestressing steel or non-prestressing reinforcement only or prestressing and 

non-prestressing reinforcement together. The evaluation of curvatures for the structural member 

involves iterations for computing the strains vectors at each analysis step. Newmark's numerical 

integration is used to evaluate the deflection of the member depending on the curvature values. The 

stress-strain model that was proposed by (Korpenko et al. 1986) is used and compared with 

experimental data and other analytical models for each of concrete and steel. The comparison 

showed good agreement between the model used and the experimental data. This relationship is 

used in SECTION program and presented in this study. The analytical results for load-deflection 

diagram are compared with available experimental data. The comparison has shown good 

agreement.  

 الهطول قصير الأمد للعتبات الخرسانية المسلحة العادية والمسبقة الجهد جزئيا ً و المسلحة
 بقضبان ألياف الزجاج 

 الخلاصة

حٍيث حين حييوٌش اشًياهق رحقخشحيق سيااعا لالععٍليً . الخشساًٍت ححج حأثٍش الأحوال قصيٍشة الأهيذ خباثفً هزا البحث دسسج سلوكٍت الع

ث إىّ البشًيياهق الوعخويذ ٌأ يي ز فيً اللخبيياس هخييييا. لغيش  حايياي قيٍن ال يييول لألخياا الخشسيياًت الًعياةٍت الوعش ييت ل ًحٌياا

إىّ طبٍعت الخحلٍل حعخوذ للى ششوط الحزاى و الخوافي  فيً الًفعيافث فيً الخشسياًت .الًفعال الفعلٍت فً الخشساًت و الحذٌذ-الج اد

ٌعخشى الٌوورج الوذسوس هع الخحلٍل الخيوي و رلك اإسخخذام الخحوٍل للى هشاحل صيغٍشة هويا ٌخيٍح إهياًٍيت دساسيت . وفً الخالٍح

الج اد فً الوعيع الخشسياًً وحذٌيذ الخايلٍح  الووجيودا سيواا كياى الحذٌيذ الوايخخذم هق ي ذ سيااعا ل رو حذٌيذ  ٍيش  حزاٌذ الًفعال و

للعٌصيش ( curvature)إىّ إسيلوي ححذٌيذ الخعيوس .هق  ذ سااعا ل فعط ا رو حذٌيذ قاين هق ي ذ سيااعا ل وقاين  ٍيش هق ي ذ سيااعا ل سيوٌت ل

 Newmarkحين إسيخخذام طشٌعيت . فيً كيل هشحليت ححوٍيل لعوودٌيتإٌقياد قٍويت الًفعيافث ا الًعاةً ٌخخوي لولٍاث حيشاسٌت هذف ا

حوج هعاسًيت  .لغش  الخياهل لعٍن الخعوس للوعاطع الوذسوست للى إهخذاد العخبت لغش  إٌقاد قٍن ال يول ليل ًعيت للى طول العخبت

ٍ  هي الخشساًت و ال-الٌخاةق الخاصت اعٍن الج اد ِِ ِِ حذٌذ هع اٍاًاث هخخبشٌت وًوارج ًظشٌيت لبياحنٍي ر يشٌيا وقيذ وجيذ الًفعال ليلِ

. وا شٌي ٌعيً حواف عا ل جٍيذا ل لييا الويادحٍي Korpenkoالًفعال و الوعخشح هي قبل الباحث -إىّ الأًوورج الواخخذم لخونٍل الج اد
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 للعخبياث ال ييول-اةق الٌظشٌت الخاصت اعٍن الحويلإىّ الٌخ. SECTION  program)  )رسخ خُذِم هزا الأًوورج فً البشًاهق الوعذم   

 . لعذ وجذ إى هٌاك حوافعا ل جٍذا ل اٍي الٌخاةق العولٍت و الٌظشٌت لعٍن ال يول. حوج هعاسًخ ا رٌخا ل هع ًخاةق هخخبشٌت هخوف شة  

 

KEYWORDS: Beam, Reinforced concrete, Prestressed concrete, GFRP, Deflection, 

Curvature, Stress-Strain, Korpenko, Newmark 

INTRODUCTION  

Deflection is defined according to (ACI 116, 2000) as a movement of a point on a structure 

or structural element, usually measured as a linear displacement or as succession of displacements 

transverse to a reference line or axis. There are many empirical and analytical methods for 

computing deflection of structural concrete members. In this paper an analytical method is modified 

to compute the deflection of a structural concrete member based on the materials stress-strain 

relationships, the curvature of the cross-section is determined according to these stress-strain 

relationships, and then integration is made for the cross-section curvatures along the beam to 

determine the deflection. It must be mentioned that this analytical method takes into consideration 

the effect of tension stiffening after cracking of concrete. This analytical model is compared to the 

available experimental data and hand calculations. 

 

STRESS-STRAIN MODEL 

Stress-strain model for concrete 

In 1986, Korpenko published a descriptive relationship for    diagrams, which became 

very famous because of its overcoming of major deficient problems as shown in Fig. (1). 

 
Figure (1) Stress-strain diagram for concrete in compression and tension (Korpenko et al., 1986) 

 

It is taken that c  be the stress, c the relative strain, cE  the initial modulus of elasticity, c  

referring to concrete in compression, and ct  to concrete in tension. 

Instead of using c  and c  , it is easier to use the level of each one according to the 

relationship indicated below: 
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c






ˆ
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ˆ

~                                                                                                                       (1)                                                                      

 where:  c~ =concrete stress level, c
~ =concrete strain level, ĉ  =ultimate compressive strength of 

concrete, ĉ =the concrete strain corresponding to ĉ . 

At the beginning of    diagram, a linear portion can be recognized which extends up to the 

stress elc ,  and the strain elc ,   or even until their levels elc ,
~ which is equal to 

c

elc





ˆ

,
and elc ,

~ which 

is equal to 
c

elc





ˆ

,
.The stress in concrete can be expressed as: 

cccc E                                                                                                                                        (2) 

c is concrete elastic modulus factor that expresses the ratio of elastic strains to the total strains. 

 1c                                                                                                           if       c,elc σσ             (3) 
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By solving the second degree formula, two roots are obtained from the formula; the larger root is 

taken for c . 
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where: cc  ˆ   value when cc  ˆ  (at the top of stress-strain diagram).                                                                                                                           

o factor which depends on stress level in the material (concrete in this case). 

 o =1                                    if        1~ c                                                                                                                                                            

 o =2.05 ĉ                           if        1~ c                                                                                             

ce1 , ce2 are factors which express the type of the concrete. 

ce1 =1.72 -1.82 ĉ                  if        1~ c                                                                                            

ce1 =1.95 ĉ -0.138                 if        1~ c                                                                                          

cc ee 12 1                                                                                                                                      

 From the conditions of Eq. (4) that is ce1 2  
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002.0ˆ c    ;  0~
, elc    ; 0~

, elc   ,  cccc  ~/~~   

Stress-strain model for steel 

s  is written to be  the stress, s the relative strain (elongation), sE  the initial modulus of 

elasticity for steel, and s  to refer to the steel. 

When mild steel enters the stiffness region, it is advised to use the bilinear diagram that is of 

two branches, one ends at the point of yield region (with coordinates
ss  ˆ  ,

ss  ˆ  ), and the 

other begins from the end of the first branch to reach the point of coordinates 
*

ss    , 
*

ss   ,which corresponds to the ultimate strength or failure limit as shown in Fig. (2).  

Mild steel can be represented by the following equations: 

ssss E                                                                                                                                         (5)   

1s                                                                                                      if          elss ,                                                                                                                                          

(6) 
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         By solving the second degree formula, two roots are obtained from the formula; the larger 
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Figure (2) Stress-strain diagram of mild and high strength steel (Korpenko et al., 1986) 

For high strength steel the same equations (5, 6, 7) are used but  
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Stress-strain model for FRP 

The stress-strain diagram for FRP is assumed linearly elastic until failure stage as shown in 

(Fig. 3). 
 
      

      

      

      

      

   

 

   

      

      

      

      

      

      

      

      

Figure (3) Stress-strain diagram for FRP  

Comparison of the stress-strain relationships of the materials 

The proposed stress-strain model is compared to other models by using available 

experimental data for concrete (LSC, NSC, HSC) and for steel with its types mild; high strength; 

and high strength for prestressing as shown in Figures from (4) to (12). 
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(a) (b) 

 
Figure (4) Stress-strain for low strength concrete LSC:  

(a) (Wang et al., 1978), (b) (Tasnimi, 2004) 
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(a)                                                                        (b) 

Figure (5) Stress-strain for normal strength concrete NSC:  

(a) (Wang et al., 1978), (b) (Slate et al., 1986) 
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(a)                                                                           (b) 

Figure (6) Stress-strain for high strength concrete HSC: (a) (Slate et al., 1986), (b) (Tasnimi, 2004) 
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Figure (7) Stress-strain diagram for mild steel            Figure (8) Stress-strain diagram for mild 

(Goto et al., 1998 )                                                 steel (Cho et al., 2004) 
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       Figure (9) Stress-strain for mild steel                         Figure (10) Stress-strain for mild steel   

                (Tompos and Frosh, 2002)                                             (Kenel et al., 2005) 
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Figure (11) Stress-strain for HSS with prestressing     Figure (12) Stress-strain for HSS with 

(California Prestressing Manual, 2005)                         prestressing (Canfield, 2005) 

 

MODEL ASSUMPTIONS 

The proposed model for calculating the deflection depends on the following assumptions: 

 Strain in the concrete and reinforcement is proportional to the distance from the neutral axis 

(plane cross sections remaining plane after bending).  

 Concrete behavior in compression and in tension and steel behavior are assumed to follow 

Korpenko's model Fig. (1) and Fig. (2). 

 The tensile behavior of the FRP reinforcement is linearly elastic until failure stage. (Fig. 3). 

  All stresses in concrete and steel are related to secant modulus of elasticity. 

 Shear and torsion stresses are ignored. 

 Perfect bond exists between concrete, steel reinforcement and FRP bars. 
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 Concrete is divided into a group of small cells with its number related to the required 

accuracy. Beside that, the longitudinal steel and FRP bars in the section are divided into a 

group of elements, with their numbers equal to the numbers of steel and FRP elements. Thus 

the structural element acts as a system of linear elements exposed to compression and axial 

tension. 

 The beam is considered as simply supported with symmetrical shape along the vertical 

centerline of the beam. This includes the type of loading and the beam cross section. 

 Newmark’s numerical procedure is used to determine the deflection from the section 

curvatures along the beam. 

 In the case of fully or partially prestressed concrete members, the positive value of 

deflection indicates downward displacement, and the negative sign indicates that the 

displacement is upward (i. e. camber). 

 The component of the prestress along the beam axis is assumed constant, but the distance 

from the prestressing center of gravity to the global axis is taken according to the 

prestressing steel position in each section. 

 

MOMENT-CURVATURE MODEL 

A partially prestressed concrete member is taken as a case study for determining the 

moment-curvature relation of structural concrete members. The concrete is distinguished by the 

subscript (c), prestressed steel by (ps), non-prestressed steel by (s), and (f) for FRP. 

The space that is occupied by the section is assigned by the symbol  . In this space, there 

are areas occupied by concrete, prestressed steel, nonprestressed steel, and FRP which are 

symbolized as cA ,
psA , As , and

fA  respectively, as shown in (Fig. 13). 

fspsc AAAA                                                                                                                       (8) 

The external force, which is either normal force (prestressing force) or applied load, leads to 

change the general form of the element causing strain distribution at individual sections. 

The strain energy per unit length is determined by the following formula: 

 


 dU 
2

1)(                                                                                                                        (9)  

where   

  ا =normal strain and stress, respectively;   ا    =shear strain and stress, respectively.  
The equation that relates the stress to strain is as follows: 

 E                                                                                                                                              (10) 

 where E = secant modulus of elasticity of the material, which takes into account the initial stresses 

and strains, and its calculation is based on     diagrams for the materials as shown in Figs. (14) 

and (15). 
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Figure (13) Cross-section of the structural element 
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Eq. (10) is substituted in Eq. (9). Shear stress and strain which appear in Eq. (9) are neglected 

(assumption No. 5). 

 
                                      (a)                                                                   (b) 

Figure (14) Variation of secant modulus of elasticity, (a) for mild steel, (b) for high strength steel 
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Figure (15) Variation of secant modulus of elasticity for concrete 

So Eq. (9) takes the following form: 




 dEU 
2

1)(                                                                                                                               (12)   

Because a linear strain distribution across the cross-section is assumed, so the third order 

vector will simulate the strain increment as in Eq. (13): 

Z
T                                                                                                                                             (13)  

in which  T
yxo KK ,, ,  TxyZ ,,1 ,  = axial strain vector, o = axial strain, xK = curvature of 

the member longitudinal axis in OYZ plane, yK = curvature of the member longitudinal axis in 

OXZ plane, x , y = the distance from the center of gravity of concrete, prestressed, non- 

prestressed steel, and FRP in the cross-section, to the selected reference coordinates. 

By the assumption that a plane cross section before bending remains plane after bending, the 

strain at any point can be expressed by the following relationship: 

xKyK yxo                                                                                                                              (14) 

     Considering Eq. (13), then Eq. (12) becomes as:  




 dZEZU
TT 

2

1)(                                                                                                                  (15)                                                           

 A matrix C is defined as: 




 dZEZC
T

                                                                                                                               (16) 

C= stiffness matrix relative to the selected reference coordinates. 

         To identify the loads related to the resultant axial strains, partial differentiation of the strain 

energy equation is taken as:  
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                                                                (17) 

where 

N  = Longitudinal force; Mx  =bending moment in OYZ plane; M y = bending moment in OXZ 

plane; C1   = general axial stiffness vector; C2 = general flexural stiffness vector in OYZ plane; 

C3 = general flexural stiffness vector in  OXZ plane. 

          The general axial stiffness vector C1  is determined by the following equation: 









   

  

 dxEdyEdEC ,,1                                                                                                 (18)   

            

          The flexural stiffness vectors  C2   and C3  are limited by Eq. (19) and Eq. (20). 









   

  

 dyxEdyEdyEC ,,
2

2                                                                                             (19) 









   

  

 dxEdyxEdxEC
2

3 ,,                                                                                             (20) 

          The direct integration of stiffness vectors elements 1C , 2C , and 3C  is unknown (not explicit) 

theoretically because the secant modulus of elasticity depends on the value of the resulted strains, 

and the strain gradient which is not equal to zero. Accordingly, numerical methods should be used. 

Therefore, the cross section is covered by a mesh mostly with perpendicular lines. Average value of 

the stress (strain) is taken in each cell. So the infinite summation of the elements of section stiffness 

matrix is substituted by a finite summation, that its maximum value is equal to the number of 

developed mesh cells. 

Based on this, the matrix elements take the following form: 
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33                                            (26)                               

where: 

11C = axial stiffness, which depends on the loading level and the geometrical properties of the cross 

section, 12C  =axial-flexural stiffness, which reflects the reciprocal influence of the longitudinal 

force with the bending moment in the direction of Y-axis, and it depends on the geometrical 

properties of the cross section, on the resultant stress-strain developments and on the location and 

direction of selected coordinates axes, 13C =axial-flexural stiffness, which reflects the reciprocal 

influence of the longitudinal force with bending moment in the direction of X axis, 22C =flexural 

stiffness in the direction of Y axis,  23C =the stiffness, which reflects the reciprocal influence of 

bending in the direction of the axes X and Y, and depends on the geometrical properties of the 

section, on the strain level and on the location of selected coordinates, 33C =flexural stiffness in the 

direction of X-axis, k =number of effective cells (strips) in concrete, ciA =cross-sectional area of 

the concrete strip i , cici yx , =the distance from the center of gravity of the concrete strip i to the 

selected coordinates, m=the number of non-prestressed longitudinal steel bars in the cross section, 

siA = the cross-sectional area of non-prestressed longitudinal steel bar i , sisi yx ,  =the distance 

from the center of gravity of non-prtestressed longitudinal steel bar i to the selected coordinates; n 

=number of prestressed longitudinal steel bars in the cross-section; psiA  =the cross-sectional area of 

prestressed steel bar i  ; psipsi yx ,  =the distance from the center of gravity of prestressed longitudinal 

steel bar i to the selected coordinates, fiA = the cross-sectional area of the FRP bar, fifi yx , = the 

distance from the center of gravity of longitudinal FRP bar i  to the selected coordinates, j=number 

of longitudinal FRP bars in the concrete cross-section. 

The secant modulus of elasticity E  can be expressed as: 

EE                                                                                                                                              (27)  

where 

E =the initial modulus of elasticity for the material (concrete, steel, or fiber);  

 = elastic strain factor and it expresses the ratios between the elastic strains to total strains (as 

given before). 

 The system (17) can be rewritten in another form to become:  
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      *)(CF                                                                                                                              (28)  

 

where  F  = loads vector;  )(C   =stiffness matrix of the section;    = strains vector. 

The nonlinear system (28) is considered for determining the curvature of any cross-section 

in the concrete structural members. The elements of Eq. (28) change with changing the location of 

coordinates axis, it means that the axes rotate by an angle with certain value or at the time of 

moving the axes parallel to the existing axes (Fig. 13). 

5. Evaluation of Strain Vector at Different Loading Cycles: 

The solution of the nonlinear system (Eq. (28)) with the third order, which is specified to 

determine the curvature of any cross-section in the structural concrete members, depends on the 

iterative methods of numerical analysis. There are several numerical methods for converting the 

nonlinear Eq. (28) to linear. One of these methods is called the direct iterative technique (Cook, 

1981), with its iteration diagram for solving Eq. (28), takes the following form as shown in Fig. 

(16). 

 

 
Figure (16) Iterative technique for solving the nonlinear equation (Cook, 1981) 

 

In this method, full load is applied once at the first iteration and then a new stiffness matrix 

has to be formed in each iteration. Then the full system of Eq. (28) is solved in each iteration to 

evaluate the strain vector  . Initially, a value of    
o     is assumed, then an improved 

approximation is obtained as: 
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                                                                                                                 (29)  

where 1i , i  = axial strains vector in previous and current iteration cycles at one loading level, 

respectively. 

To solve Eq. (29), a correction to the stiffness matrix should be done at each iteration cycle 

with fixing the vector of external applied loads.  
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NEWMARK NUMERICAL INTEGRATION 

In the case of a symmetrical simply supported beam, the following Eqs. (30) can be used by 

considering the following symbols:  referring to the curvature EIM / ,   referring to the 

equivalent concentrated load (or curvature in the real beam), )( islope referring to the shear (or 

average slope in the real beam between the points i  and 1i ,  referring to deflection, subscript i  

referring to section number, c referring to section number in the center of the beam, and x refers 

to segment length which is equal to the distance between two concentrated loads. 

For a simply supported beam, there are no known values of   and slope in both ends; 

therefore these values can be substituted by zero. 





i

j
ji xslope

2
)()( )(                                                                                                                      (30)  

where i =1,2,3,…, 1c  

)( jslope = 





1

2
)()( 2/

c

k
ck  , where )( jslope  is dimensionless 

 
)1((k))1()(   4

6
 


 kkk

x
   for straight line curvature ( EIM / ). 

 
1)k((k))1()(   10

12
 


  kk

x
 for 2

nd
 degree parabolic curvature ( EIM / ). 

Since the beam is symmetric the values of deflection for other half of the beam is determined 

according to the following formula: 

pnp   1  

where p =1,…c-1,  n = number of sections along the beam. 

 

APPLICATIONS AND RESULTS 

Ordinary reinforced concrete beams 

Beam SB1-2 is tested by Thandamoorthy (1999). This beam had 150*300 mm section, 3m 

span length, the ultimate compressive strength for concrete ( MPafc 58.41
'
 ). The beam is 

reinforced with 123  bars in tension with an effective depth of 261 mm and 82 bars in 

compression with depth of 37 mm and with 
s

E equal to 200000 MPa .The beam has been loaded in 

two points. Loading points have been located at 500 mm on either side of midspan. Moment-

curvature and load-deflection diagrams of this beam are shown in Figs. (17 and 18). 
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Figure (17) Theoretical moment-curvature diagram             Figure (18) Load-deflection diagram             

                  for Thandamoorthy beam                                           (Thandamoorthy, 1999) 

GB1 control beam is tested by Alsayed, et al., (2002). The typical beam is 150*200 mm in 

cross-section. It is reinforced with three 10 mm steel bars for tension with an effective depth of 

152 mm and one 6 mm for compression with depth of 46 mm and with 
s

E equal to 200000 MPa . 

The beam is simply supported over a span of 2050 mm and loaded by two concentrated loads, each 

placed at 100 mm from the beam centerline. The ultimate compressive strength for concrete is 

( MPafc 5.35
'
 ).  Moment-curvature and load-deflection diagrams of this beam are shown in 

Figs. (19 and 20).                         
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Figure (19) Theoretical moment-curvature diagram            Figure (20) Load-deflection diagram                

                   for Alsayed et al. beam                                           (Alsayed et al., 2002)  

 

Partially prestressed concrete beam 

Beam SSP2 was tested by Harajli and Naaman (1985). The beam has 2743.2 mm span 

length. The ultimate compressive strength for concrete is ( MPafc 55.36
'
 ).It was subjected to 

two-point loading. The cross-section was 114.3*228.6 mm in dimensions. It was with ordinary 

tensile reinforcement of area 96.774 
2mm  with an effective depth of 203.2 mm and a tensile 

prestressing strand of area 54.839
2mm  with an effective depth of 158.75 mm. Moment-curvature 

and load-deflection diagrams of this beam are shown in Figs. (21 and 22). 



Journal of Engineering Volume 16 march 2010      Number1  
 

 

 

 

4647 

 

0

5

10

15

20

25

0 0.01 0.02 0.03 0.04 0.05

curvature :1/m

M
o

m
e
n

t 
:k

N
.m

2774.96 mm

2839.54 mm

3.114

6.228

 

0

5

10

15

20

25

30

35

40

45

50

0 10 20 30

Midpan deflection :mm
A

p
p

lie
d

 lo
ad

 P
: 

kN

Exp. Theo. PCI Design Handbook (2004)

2.2743

4.9144.914 4.914

2/P 2/P

 
Figure (21) Theoretical moment-curvature diagram             Figure (22) Load-deflection diagram               

             for Harajli and Naaman beam                                            (Harajli and Naaman, 1985)                                             

The beam (beam III-2) was tested by Oukaili (1991). The cross-section was 210*305 mm. The 

beam was reinforced in tension with steel of area 907 
2mm  with an effective depth of 275 mm and 

prestressing strand of area 420.27
2mm at a depth of 235 mm. It is also reinforced in compression 

with steel area of 157 
2mm and prestressing strand area of 96. 535

2mm at a depth of 30 mm. The 

ultimate compressive strength for concrete is ( MPafc 4.39
'
 ).Moment-curvature and load-

deflection diagrams of this beam are shown in Figs (23 and 24). 
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Figure (23) Theoretical moment-curvature diagram          Figure (24) Load-deflection diagram                

                        for Oukaily beam                                                         (Oukaily, 1991) 

Beams Reinforced with GFRP 

Benmokrane et al. (1996) built a series of 3300 mm long doubly reinforced concrete beams. 

Series 1 is taken for comparison.  The beam tested had two  19.1 mm GFRP bars in tension and 

two  6 mm GFRP bars in compression. The beam section was 200*300 mm. It had a clear span of 

3000 mm and was loaded by two concentrated loads each at 500 mm from midspan. The ultimate 
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compressive strength for concrete was ( MPafc 43
'
 ). Moment-curvature and load deflection 

diagrams of this beam are shown in Figs (25 and 26). 
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Figure (25) Theoretical moment-curvature diagram          Figure (26) Load-deflection diagram                

                for Benmokrane et al. beam                                        (Benmokrane et al., 1996)  

Beam F3 tested by Pecce et al., (1998) has 500*185 mm in cross section, reinforced with 

seven  12.7 mm GFRP bars in tension at a depth of 145 mm and two  12.7 mm GFRP bars in 

compression at a depth of 40 mm. The clear span of the beam is 3400 mm, and it is loaded by two 

concentrated loads at 1200 mm from the simple supports. The ultimate compressive strength for 

concrete is ( MPafc 30
'
 ).The theoretical moment-curvature and load-deflection diagrams are 

shown in Figs. (27 and 28). 
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Figure (27) Theoretical moment-curvature diagram        Figure (28) Load-deflection diagram                

                     for Pecce et al. beam                                                     (Pecce et al., 1998) 
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CONCLUSIONS 

The following conclusions can be stated: 

 The analytical stress-strain model used in the SECTION program which was developed by 

Korpenko et al., (1986) gave very good agreement in comparison with the experimental data 

and other analytical models for each of concrete, mild steel, high strength steel, and 

prestressing steel.  

 SECTION program presented in this study has shown to be capable of predicting the full 

history for the structural concrete beams under short-term loading.  

 The SECTION program has the ability of dealing with structural beams with different 

values of partial prestressing ratio (PPR). 

 The SECTION program has shown to be capable of predicting the deflection state for each 

of ordinary reinforced concrete, partially prestressed concrete, and bar fiber reinforced 

concrete beams.  

 In the pre-crack stages, there is very good agreement between the theoretical results and the 

experimental data of deflection for all the three types of beams used.  

 In the loading stages corresponding to 20% of the failure load, the average discrepancy of 

the analytical deflections values with respect to experimental values reached 18.3% for 

ordinary reinforced concrete, 4.9% for partially prestressed concrete beams, and 24.92 % for 

beams reinforced with fiber bars. One problem that seems to be common to all deflection 

prediction methods is that of predicting the cracking moment. This is primarily due to the 

difficulty in accurately predicting the modulus of rupture rf  (standards tend to require the 

use of relatively low conservative values).  

 In the loading stages corresponding to 50% from the failure load, the average discrepancy of 

the analytical deflections values with respect to experimental values reached 6.83% for 

ordinary reinforced concrete, 27.4% for partially prestressed concrete beams, and 8.73% for 

beams reinforced with fiber bars. 

 In the loading stages corresponding to 70% of the failure load, the average discrepancy of 

the analytical deflections values with respect to experimental values reached 8.63% for 

ordinary reinforced concrete, 30.75% for partially prestressed concrete beams, and 7.45% 

for beams reinforced with fiber bars. 

 
NOTATIONS: 

 The following symbols are used in this paper: 

ce1 , ce2  =Factors expressing the type of the concrete. 

se1 , se2 = Factors expressing the type of the steel. 

E = secant modulus of elasticity of the material. 

cE = Modulus of elasticity of concrete. 

sE =  Modulus of elasticity of reinforcing steel. 
'

cf =Ultimate compressive strength of concrete. 

HSC =High Strength Concrete. 

HSS = High Strength Steel. 

K  = Curvature. 

xK  =Curvature about x-axis. 

yK  = Curvature about y-axis. 

LSC =Low Strength Concrete. 

xM  =Bending moment in OXZ level. 
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yM =Bending moment in OYZ level. 

N =Normal force.  

NSC =Normal Strength Concrete. 

U =Strain energy. 

  =Deflection. 

  =Strain. 

c =Strain corresponding to c . 

c
~ =Concrete strain level. 

ĉ =The concrete strain corresponding to ĉ . 

elc , =Strain corresponding to elc , . 

elc ,

~ =Strain corresponding to elc ,
~ . 

fu  =FRP ultimate strain. 

s  =Strain in steel. 

c =Concrete elastic modulus factor that expresses the ratio of elastic strains to the total strains.  

o   =Factor depending on stress level in the material. 

s  = Steel elastic modulus factor that express the ratio of elastic strains to the total strains.   

   =Stress.    

c  =Concrete compressive stress.  

ĉ  =Concrete ultimate compressive strength. 

c~  =Concrete stress level. 

elc ,  =Elastic concrete stress. 

elc ,
~ = The level of elastic concrete stress.  

fu  =FRP ultimate stress. 

s =Stress in steel. 

s~ = Steel stress level. 

els , = Elastic steel stress. 

els ,
~ = The level of elastic steel stress. 

   = Space occupied by the section. 
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 ABSTRACT: 

    The present work is concerned with the theoretical and experimental investigation of flow pattern 

of Newtonian fluid in liquid mixing process in stirred tank with flat blade impeller. A three-

dimensional model for mixing process was simulated. The effected parameters are rotation speed 

and impeller diameter. Continuity, momentum, and turbulent equations were solved by ANSYS 

package software 5.4 code with FLOTRAN/CFD based on Finite Element method. In the 

experimental work, two visualization methods are used in this work, the first method is the acid-

base reaction visualization method and the second is the particle distribution visualization method. 

Different chemical materials were used in the first method, NaOH  as a base, 42SOH  as acid and 

Methyl red as indicator, while polymer particles were used in the second method. The results of 3D 

model showed that the speed rotation directly affected the mixing zones, where the speed reduction 

by half decreasing the mixing zones approximately by half. Also the impeller diameter increasing 

clearly affected the mixing process where the mixing zones concentrated directly above and below 

the impeller. In the experimental work, the acid-base reaction visualization method showed that the 

mixing zones decreased due to the rotation speed reduction depend on the red and yellow colors, 

which describe the good mixing and poor mixing zones respectively. The mixing zones were 

concentrated directly above and below the impeller due to the impeller diameter increasing,. The 

particles distribution method showed that the mixing zones decreased due to the speed reduction, 

while the mixing zones concentrated directly above and below the impeller due to the impeller 

diameter increasing. The results showed a good agreement between the theoretical and experimental 

 works in studying the effect of rotating speed, and impeller diameter .       
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 : الخلاصة

وَورَوووٌ ثنىوبع لملَوخ هلبوس ثبسوزتداي روونَز لوالول لتزلزوخ  وٌ هوشان  هذا الجحث ٍزعلق ثبلدراسخ  العملَخ والىظزٍخ لجزٍبن سبئل 

العوالول المورنزح الزوٌ .  رصمَم نلانٌ الأثعوب  لعملَوخ التلوم رموذ لحب بروس  وٌ هوذا الجحوث. ٍدور  َس السبئل ثواسبخ رٍشخ لسبحخ

لعب لوخ اسسوزمزارٍخ   الوشهم  واساوبزاة روم  ل وب . لزصمَم نلانٌ الأثعوب  هوٌ السوزلخ ثلود وراوَوخ  لبوز الزٍشوخاسزتدلذ  ٌ ا

 وٌ الجبووت . F .E. methodوالزوٌ اسوزىدد ىلوي قزٍاوخ العىبلوز المحود ح    Ansys package FLOTRAN/CFDثواسوبخ 

هذا الجحث البزٍاخ الأولي هوٌ قزٍاوخ رصووٍز رزبلول الحوبل  العملٌ له الجحث   قزٍازبن لزصوٍز جزٍبن السبئل اسزتدلذ  ٌ 

لوا   َمَبئَخ لتزلزخ اسزتدلذ  ٌ البزٍاخ الأولوي هَدرو سوَد الصوو ٍوي . لع الابلدح والثبوَخ هٌ قزٍاخ رصوٍز روسٍع الجشٍئبد

NAOH    42 ابلوودح   ووبل  التجزٍزَووSOH  حووبل   والمثَوول الأ مووز Methely red  تبشووب ثَىمووب جشٍئووبد ثلاسووزَتَخ 

الىزبئج للزصمَم نلانٌ الأثعب  ثظ زد ىن السزلخ ثلد وراوَوخ ثنوزد ثشوتل لجبشوز للوي لىوبقق التلوم .اسزتدلذ  ٌ البزٍاخ الثبوَخ 

خ  َث ثن رالَل السزلخ ىلي الىصب ث ى ىلي رالَل لىبقق التلم رازٍجب ىلوي الىصوب وثشوتل وااوا سٍوب ح الابوز ثنوزد للوي لملَو

 ٌ الجبوت العملٌ قزٍاخ رصوٍز  رزبلول الحوبل  لوع الابلودح ثظ وزد ىن لىوبقق التلوم للوذ ثسوجت واصوبن السوزلخ ثلود .  التلم

لىوبقق التلوم . وراوَخ الزمب ا للي روسٍع الألوان الألزز والأ مز والزٌ رولب لىبقق التلوم الجَودح والرَوز جَودح للوي الزووالٌ

قزٍاخ روسٍع الجشٍئبد ثظ زد ىن لىوبقق التلوم راول وزَجوخ لزالَول السوزلخ . سجت سٍب ح الابزرزز ش لجبشزح  وق ورحذ الزٍشخ ث

الىزبئج ثظ زد روا ق جَد ثَه الجبوت الىظزً و العملوٌ  وٌ  راسوخ . الدوراوَخ  ثَىمب رزز ش  وق ورحذ الزٍشخ ثسجت سٍب ح الابز 

 .رونَز السزلخ ثلد وراوَخ و لبز الزٍشخ

    KEYWORDS: Mixers, Newtonian liquid, Turbulent, Three Dimensional 

 

INTRODUCTION: 

 Mixing is generally considered as a complex subject, but its essence is quit simple: related 

stretching and folding of fluid elements. Stirred tanks are widely used in mixing process for 

blending, liquid-liquid dispersion, suspension formation, heat transfer, mass transfer and chemical 

reactions. Efficient mixing is crucial to the outcomes of all of these processes. For these 

applications, poor mixing can have serious consequences such as excessive by product formation, 

inconsistent product quality in blended products, wide particle size distributions in crystallization 

processes, and slow mass transfer rates in bioreactors, (Ottino, 1989). (Verzico et al, 2000), studied 

the flow induced by an impeller in a cylindrical tank, and showed that the combination of the 

Immersed Boundary “ IB “ procedure with DNS and LES (Large Eddy Simulation), simulations can 

efficiently be used for the accurate prediction and analysis of many technologically relevant 

flows.(Kresta et al, 1991), showed that the three dimensional simulations allow a realistic treatment 

of the baffles, where details of the predicted behavior of turbulence Kinetic energy and dissipation 

rate are in quantitative agreement with the available data. ( Szalai et al, 2002), stated that the ORCA 

uses Galerkin least-squares finite element technology, novel approach to computer aided modeling 

and optimizing mixing process. Computer aided mixing, modeling, and analysis involves 

Lagrangian and Eulerian analysis for relative fluid stretching, and energy dissipation concepts for 
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laminar and turbulent flows. High quality, conservative accurate, fluid velocity, and continuity 

solutions  are required for determining mixing quality.  The present work studied the flow patterns 

and mixing process in the turbulent flow of the liquid stirred mixer. The ANSYScode/FLOTRANE 

CFD that based on finite element method was used for theoretical work       

 

     NUMERICAL SIMULATION: 

      Continuity, momentum, and two turbulence equations were solved in the present work these 

equation are respectively as follows ( Nizar 2006 ): 
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     During the present work F.E method (Finite Element) was used and the numerical simulation was 

carried out by commercial software ANSYS 5.4 code, which is based on this method.             

 

 



I.Y. Hussian                                                                                               An Investigation Into Three Dimensional 
N.J. Hadi                                                                                                    Turbulent Flow Of Newtonian Liquid In  

                                                                                                                    Stirred Tanks Mixers 

 3565 

Tetrahedral grid and cylindrical coordinate of element FLUID142 is suggested for modeling present 

problem. The flow is assumed to be Newtoian, incompressible, single phase, and turbulent. 

The boundary conditions applied for mixing process are as following:. 
1-No-slip condition at the bottom of the tank, Vx = 0, Vz = 0, and Vy =0                                               

2-No-slip condition at the wall of the tank, Vx = 0, Vz = 0, and Vy = 0).               

3-Flat free slip conditions at the top of the tank.                                                                

 4-Vx = 0.157 m/S., Vz = 0, Vy = 0, at the tip of the impeller, this velocity is changes to 0.0785 

m/S.     in the first case of study.                                                                                                             

 5- = .5,   = 1, at the tip of the impeller. 

     The dimensions of the tank is 0.09 m in diameter, 0.12 m high, and has a liquid height of 0.105 

m. its bottom has a flat plate shape, and the shaft is 0.005m in diameter. Six radial-pumping 

impellers with an outer diameter of 0.03 m, width .012m, and .002m thickness are positioned at 

0.046m above the tank bottom, the impeller and shaft rotate at 100rpm. The fluid has a density of 

1000 kg/m
3

, a viscosity of 0.001 kg/m-s, and the flow is turbulent. The property of the fluid used 

in the present work is for water.  

     A segregated, sequential solution algorithm is used. This means that element matrices are 

formed, assembled and the resulting system solved for each degree of freedom separately. 

Development of the matrices proceeds in two parts. In the first, the form of the equations is 

achieved and an approach take towards evaluating all the terms. Next, the segregated solution 

algorithm is outlined and the element matrices are developed from the equations. 

      

EXPERIMENTAL WORK:  

     A visualization technique based on an acid-base reaction and on particle distribution is used in 

the present experimental work to investigate the flow pattern qualitatively. This is important to 

validate the theoretical work. The experimental apparatus consists of many components, mixer, 

rotor, vessel, regulator,  cover of the vessel, needle, chemical material, polymer particle, digital 

camera, and analog speed meter. It is used to test the flow pattern depending on colors in acid-base 

visualization method and on particle distribution according to the flow trajectories in the particle 

visualization method. Acid- base reaction visualization method is a visualization technique based 

on an acid-base neutralization reaction, also exploits the size and shape of segregated regions in the 

mixing tank. A soluble, PH-sensitive indicator, that appears yellow in base media and red in acidic 

media is added to each of the fluids. When the mixture components come into contact during the 

mixing process, the neutralization reaction instantaneously proceeds at the interface and a color 

change occurs. 
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     Particles distribution visualization method used ellipsoidal polymer particles with longitudinal 

port. The particles in this test illustrate the flow trajectories in stirred tank. 

      

NUMERICAL  RESULTS: 

      The effects of two parameters on flow pattern and mixing process in stirred 

tank were studied. These parameters are as follows: 

1-Rotation speed, which is decreased from 100 rpm to 50 rpm 
2-Impeller diameter, which is increased from 0.03m to .045m. 

  The effect of rotating speed results in Fig.1 shows the same shapes of the radial velocity general 

and the vertical velocity reduced by half, due to the rotating speed reduction. Fig.2 shows that the 

axial velocity is decreased from 0.458 to 0.216m/s or about 53 %, due to the same reason. The same 

general contour shapes in two pictures are occurred. These results closely follow the results of  

Verzico et al, 2000. Fig. 3 illustrates the same behavior of azimuthel velocity contours in general, a 

small change in contours shapes of the second graph above and below the impeller is occurred. The 

azimuthel velocity decreased from0.186 to 0.089m/s or about 50 %, due to the speed reduction from 

0.157 to 0.0785m/s.  Fig. 4  illustrates the two recirculation flow in the regions above and below the 

impeller in each pictures. The recirculations in Fig.4, b above the impeller is shifted up and towards 

the tank wall, due to the speed reduction.  Agreement of these results with that Verzico et al, 2000,. 

The centers of loops below the impeller are closer to the rotating shaft than the loops above the 

impeller in two pictures. The effect of impeller diameter in Figs. 5, a, b and 6, a, b show that the 

meridional plan is roughly divided into two halves by the radial jet flow from the impeller. It can be 

noted that the two recirculations are not symmetric owing to the different boundary conditions on 

the upper and lower horizontal surfaces. An important effect of lower no-slip wall is the strongly 

positive vertical velocity in the lower half of the domain in the region close to the shaft, see Fig. 6, 

a, b. This effect is characteristic of wall-bounded rotating flows. It causes the fluid to be pushed 

radially inward at the plate, see Fig.5, a, b and axially upward at the axis of rotation as shown in 

Fig.6, a, b.  Because of mass conservation, a vertical ascending fluid column at the axis induces a 

descending current at the external radial wall, thus reinforcing the lower-half recirculation with 

respect to the upper one. This is also well evidenced by the radial jet that dose not point exactly in 

the radial direction, but rather has a position vertical velocity close to the blade region and then a 

weakly negative vertical velocity. The radial velocity is increased by 133 %, while the axial 

velocity is increased by 57 % in general and particularly above the impeller near the surface and 

directly below the impeller. Fig.7, a, b indicates the effect of impeller diameter increasing on the 

shapes of contours. The maximum azimuthal velocity is increased from 0.186 to 0.296m/s or about 
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59 % and the first and second graphs are closely follow the results of Verzico et al, 2000.   Fig. 8 

indicates the recirculations scale in the second graph are increased due to the impeller diameter 

increasing. The mixing flow is concentrated in front of blade directly below the impeller and above 

the impeller near the liquid surface also the recirculations above and below the impeller is  shifted 

toward the tank wall                                                                                                             

.    The effect of rotating speed in Fig. 9 at y= 0.03m shows that the regions near the shaft above 

and below the impeller a peak is observed. This is due to the large-scale recirculation that drives the 

fluid from the external radial region towards the axis, thus increasing the azimuthel velocity owing 

to the conservation of angular momentum.  The maximum negative magnitude of radial velocity is 

reduced from –0.085 to –0.037m/s or about 53 %. Also the modes of axial velocity is similar to that 

in two dimensional model, and the maximum positive velocity magnitude is reduced from 0.255 to 

0.13m/s or about 49 %, while the azimuthel velocity is decreasing from 0.04 to0.012m/s or about 70 

%, due to the speed reduction. The positions of the maximum magnitude of radial and azimuthel 

velocities in the second graph are shifted towards the tank wall, due to the same reason. Fig. 9, b 

indicates zero velocity for all components at 0.035m distance from the rotating shaft, which 

illustrates poor mixing zone.Fig.10 shows the behavior of radial, axial, and azimuthel velocities at 

centerline of the impeller. The decay of radial velocity in the second graph is slower than that in the 

first figure. The decay of  azimuthal velocity is approximately occurred in the same profiles in the 

two graphs, and the peak of this velocity always in the limit of impeller radius end. The axial 

velocity is reduced and then increased in the two graphs. Fig.11, a, b shows that the decay of   in 

the second picture is slower than that in the first one, due to the speed reduction. Fig. 12, a, b 

indicates that the decay of   consist of two stages, the first one before 0.04m radial distance and 

the second one after 0.04m in the two Figs. Also the decay in the second picture is slower than that 

in the first one due to the speed reduction. Agreement is very good with the results of Kresta et al 

1991. The effect of impeller diameter in Fig.13 at y = 0.03m illustrates the radial profile of 

azimuthal, radial, axial velocity components at DT/3 and DT/2 respectively. The maximum 

magnitude of radial, axial, and azimuthal velocity is shifted towards the tank wall due to the 

impeller diameter increasing. The maximum negative magnitude of radial velocity is increased 

by194 %, the maximum positive magnitude of axial velocity is increased by 250 %, and the 

maximum positive magnitude of azimuthal velocity is increased by 72 %, due to the impeller 

diameter increasing. Fig. 14 at y = 0.052m indicates the decay of radial velocity and the behavior of 

axial and azimuthal velocities on the centerline of impeller due to the impeller diameter increasing. 

The maximum magnitude of these velocities is shifted towards tank wall, and the axial velocity 

increased and then decreased toward the tank wall. In the second graph the curves behavior of 
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velocities is changed, and poor mixing zone is observed. Fig. 15, a, b shows the decay of   on the 

impeller centerline in both impeller diameter, where the decay in the second graph consists of two 

stages. The first stage occurs before 0.035m radial distance and the second one occurs after 0.035m 

radial distance.  Fig. 16, a, b indicates the decay of   on the centerline of the impeller. The decay 

in the first and second graphs consists of two stages. The first stage in the first graph is ended at 

2.0 , where the first stage in the second graph is ended at 35.0 , due to the impeller diameter 

increasing. It is useful to define zones in the stirred tank where average values of the turbulence 

quantities may be applied. Based on the results of these simulations, two zones have been defined. 

The first is the impeller discharge zone. The value of   for this zone is virtually independent 

on TDD / . The second zone comprises the remaining free volume of the tank, and reflects the 

influence of changing  TDD / . These results have a good agreement with that of Kresta et al, 1997  

 

     EXPERIMENTAL RESULTS: 

     Experimental results consist of two parts, the first one is acid-base reaction visualization and the 

second one is particle distribution visualization method.  Acid-base Reaction Visualization Method 

in Fig. 17, a, b shows the effect of speed reduction on color change from yellow to red, and on the 

red color zones. In the second picture the changing from yellow to red color is slower than that in 

the first picture due to the speed reduction, and the color red zones in the second picture is smaller 

than that in the first one due to the same reason, which make the recirculation flow above and 

below the impeller shifted toward the rotating shaft.. The red color indicates the mixing zones and 

the yellow color indicates the poor mixing zones. The rotation speed reduction decreases the mixing 

zones and the mixing time, this also relates with the volume of the cylinder. Fig.18, a, b indicates 

the effect of impeller diameter increasing on the colors zones. The recirculation flow above and 

below the impeller associated with the impeller tips, and week mixing zones near the bottom of the 

tank and near the top surface of the liquid are observed in the second picture. The major different 

between these two pictures is that the strongly mixing occurs directly above and below the impeller, 

and the flow directed vertically above the impeller near the rotating shaft, due to the impeller 

diameter increasing in the second picture.  Figs. 17 and 18 show a good agreement with the results 

of  Verzico et al, 1991 .  Particles distribution visualization method in Fig. 19, a, b shows the effect 

of speed reduction on the particles distribution in the vessel, which indicates the same general 

behavior with reduction in the speed of the particles by half. Poor mixing zones above and below 

the impeller near the surface of liquid and near the bottom of the vessel are observed. Also the 

centers of circulation above and below the impeller are shifted toward the rotating shaft, due to the 

speed reduction. The mixing zones in the second picture are decrease according to the particles 
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distribution in the vessel. Fig. 20, a, b shows the effect of impeller diameter increasing on the 

particles distribution in the vessel. The centers of circulation are shifted with the impeller tip 

towards the vessel wall, due to the diameter increasing. The mixing zones are reduced in the second 

picture, due to the flow movement concentrated directly above and below the impeller. Comparison 

between numerical and acid-base reaction results in Figs. 4 and 17 show the effect of speed 

reduction on the vectors distribution and the red and yellow color zones distribution respectively. 

The general behavior of vectors distribution and red color zones in these two figures is 

approximately the same, which indicates a good agreement between the numerical and experimental 

results. The mixing zones are decreasing in the second picture of each figure according to the 

vectors distribution and red color zones, respectively due to the rotation speed reduction. Figs. 8 

and 18 indicate the effect of the impeller diameter on the vectors distribution and red and yellow 

color zones distribution respectively. The general behavior of the vectors distribution and red color 

zones in these two figures is approximately the same, so the results of numerical simulation are 

closely following the results of experimental work. The mixing zones in the second picture of each 

figures are strongly concentrated above and bellow the impeller, and above the impeller near the 

rotating shaft. Comparison between numerical and particles distribution results in Figs. 4 and 19 

show the effect of the rotation speed reduction on the vectors and particles distribution respectively. 

The general behavior of vectors and particles in these two figures is approximately the same, which 

make a good agreement between the numerical and experimental results. According to the vectors 

distribution the mixing zones in the second picture of the first figure are decreased due to the 

velocity reduction, also the recirculation above and below the impeller are shifted toward the 

rotating shaft due to the same reason. The same behavior occurred in the second figure where the 

mixing zones are decreasing in the second picture as indicated from the particles distribution, also 

the recirculation flow above and below the impeller are shifted towards the rotating shaft due to the 

rotation speed reduction.                                                                                                                               

            Figs. 8 and 20 show the effect of impeller diameter on the vectors and particles distribution 

respectively. The general behavior of the vectors and particles in these two figures is approximately 

the same, which makes the numerical results closely follow the experimental results. Depending on 

the vectors distribution the mixing zones in the two pictures of the first figure is approximately the 

same results in 3D model indicated that the negative radial velocity is decreased by 53 %, 54 %, 

and 35 % at 0.03m, 0.07m, and 0.09m heights respectively. The positive axial velocity is decreased 

by 49 %, 52 %, 45% at 0.03m, 0.07m, and 0.09m heights respectively. The azimuthal velocity is 

decreased by 50 %, keeps the same magnitude, and decreased by 60 % at 0.03m, 0.07m, and 

0.09mheights respectively. Also the effect in axial velocity profiles indicated that the radial 
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velocitydecreased by 50 % at the centerline of impeller, and the negative axial velocity is decreased 

30%, while the azimuthal velocity is decreased by 35 %. 

      

 

CONCLUSIONS: 

      The Ansys/ FLOTRAN CFD, which uses Galerkin finite element technology, is a new approach 

to computer aided modeling and optimizing mixing processes. The Galerkin technique provides the 

basis of the confidence, accuracy, convergence, and stability of FLOTRAN. This method ensures 

extremely accurate solutions for the mixing process. The effect of speed rotation reduction in radial 

velocity profiles  

 The effect of impeller diameter increasing from 0.03m to 0.045m in the radial velocity results of 

3D model indicated that the radial velocity is increased by 194 %, 180 %, and 100 % at 0.03m, 

0.07m, and 0.09m heights respectively. The positive axial velocity is increased by 250 % at 0.03m 

height, and its negative magnitude is increased by 100 % at height 0,07m, while its negative 

magnitude is increased by 260 % at height 0.09m. The positive azimuthal velocity is increased by 

59% at 0.03m height, and its positive magnitude is increased by 600 % at 0.09m height. Also the 

effect in axial velocity profiles indicated that the radial velocity is increased by 100 % at the 

centerline of impeller, and the negative axial velocity is increased by 166 %, while the positive 

azimuthal velocity is increased by 89 %. The qualitative results of the particle distribution and acid- 

base reaction visualization  methods have a good agreement with the velocity vectors  field  in 3D 

-model simulation. 
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NOMENCLATUR: 

  Symboles                                                     Definition                                           Units 

      N                                                           Rotation Speed                                          rpm 

       Vx                                                         Radial Velocity                                         m/s 

       Vz                                                         Axial Velocity                                           m/s                   

       Vy                                                         Azimuthal Velocity                                   m/s 

                                                                   Kinetic Energy Dissipation Rate               W 

                                                                   Kinetic Energy                                           W 
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       (a)                                                                          (b) 
Fig. 1. Effect of Rotating Speed (N) on Radial Velocity (Vx) Contours at, (a) N=100 rpm, (b) 
N=50 rpm.. 

                             (a)                                                                    (b)     

Fig. 2. Effect of Rotating Speed (N) on Axial Velocity (Vz) Contours at, (a) N=100 rpm, (b) 

N=50 rpm. 

                                    (a)                                                                     (b) 

 Fig.  3.  Effect of Rotating Speed (N) on Azimuthal Velocity (Vy) Contours at (a) N=100 rpm, 

(b) N=50 rpm. 
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(a)                                                                 (b) 

    Fig. 4. Effect of Rotating Speed (N) on Averaged Velocity Vectors Fields at (a) N=100 rpm, 

(b) N=50 rpm 

                                    (a)                                                                     (b) 
 Fig. 5. Effect of Impeller Diameter (D) on Radial Velocity Contours at ,(a) D= D /3 (b)D=D/ 2  

                          

                           (a)                                                                        (b)                                                   
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Fig. 6. Effect of Impeller Diameter (D) on Axial Velocity Contours at , (a) D= D /3 (b)D=D/ 2.  

 

                                (a)                                                                 (b) 
Fig. 7. Effect of Impeller DiameterD on Azimuthal Velocity Contours at ,(a) D=D /3,(b D= D/2 

 

(a)                                                                              (b) 

   Fig. 8.  Effect of Impeller Diameter (D) on Velocity Vectors Fields at, ,(a) D=D /3,(b D= D/2 
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(a)                                                                                       (b) 

 

Fig. (9): Effect of Rotating Speed (N) on Averaged Radial Velocity Profiles at Height 0.03m 

from the bottom of the tank,  (a) N=100 rpm, (b) N=50 rpm. 

 (a)                                                                        ( b) 

Fig. (10): Effect of Rotating Speed (N) on Averaged Radial Velocity Profiles at Height 

y=0.052m From the Bottom of the Tank, (a) N=100 rpm, (b) N=50 rpm. 
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                                        (a)                                                                           (b)   

 Fig. (11) : Effect of  Rotating Speed on  Decay of Turbulence Kinetic Energy   on Impeller 

Centerline  at (a) N=100 rpm, (b) N=50 rpm. 

(a)                                                                                  (b) 

Fig. (12): Effect of Rotating Speed on Decay of Turbulence Kinetic Energy Dissipation Rate  

on Impeller Centerline at ,(a) N=100 rpm, (b) N=50 rpm. 
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(a)                                                                                               (b) 

Fig. (13) : Effect of  Impeller Diameter (D)   on  Averaged Radial Velocity  Profiles at Height 

y=0.03m T  , (b) D=D/3 T  (a) D= D /2 

(a)                                                                                (b) 

Fig. (14) : Effect of  Impeller Diameter (D)   on  Averaged Radial Velocity  Profiles at Height  

y= 0.52m From the Bottom of the Tank, T  , (b) D=D/3 T (a) D= D /2  
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                                (a)                                                                                      (b) 
Fig. (15): Effect of Impeller Diameter on Decay of Turbulence Kinetic Energy  (a) D= D/2 

(b)D=D/3  

 

 

( a)                                                                      (b)         
Fig. (16) : Effect of  Impeller Diameter  on  Decay of Turbulence Kinetic Energy Dissipation 

Rate(a) D= D/2 (b)D=D/3. 
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(a )                                                                                        (b) 
 Fig. (17): Effect of the Speed Reduction on the Colors Zones of the Acid-Base Visualization Method Test, (a) 

100rpm and 0.04m Impeller Diameter, (b) 50rpm and 0.04m Impeller Diameter. 

 

Fig. (18): Effect of the Impeller Diameter Increasing on the Colors Zones of the Acid-Base Visualization Method 

Test, (a) 100rpm and 0.04m Impeller Diameter, (b) 100rpm and 0.06m Impeller Diameter. 
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        (a)                                                                                  (b) 

Fig. (19): Effect of Speed Reduction on the Particles Distribution Visualization Test, (a) 100rpm and 0.04m 

Impeller Diameter, (b) 50rpm and 0.04m Impeller diameter. 

  
(a)                                                                                       (b) 

Fig. (20): Effect of Impeller Diameter Increasing on the Particles Distribution Visualization Test, (a) 100rpm and 

0.04m Impeller Diameter, (b) 100rpm and 0.06m Impeller Diameter 
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CORRECTION PROCEDURE FOR THE DETERMINATION OF  
 

SOIL SPECIFIC SURFACE  
 

Maysm Th.  Al-Hadidy
 

B.Sc., M.Sc. (C.Eng.), Assistant Lecturer, Dept. of Civil Engineering, Coll. of Engineering, University of 

 

 

ABSTRACT:  
Specific surface has a very important role in geotacnic especially with that home dell with gypseous 

soils or other types of salty soils. Because its calculation need for high accuracy, a procedure is 

presented to calculate a correction factor for Specific surface determination. 

In a previous work, grain size distribution curves of many soil samples are collected. A value for the 

specific surface of each soil is determined summing the surface area of subintervals in the 

distribution curve.  

In this work, the values of specific surface are obtained from these gradation curves and compared to 

those calculated using the values of the equivalent diameter for each soil. Fitting has been made and 

gets the best equation representing these points. From this equation, new values for specific surface 

are obtained by interning the specific surface calculated from the equivalent diameter and again the 

point is draw with the origin point (specific surface obtained from these gradation curves). Fitting is 

made again and the new equation is obtained. Finally, the equation of the calculated corrected 

specific surface is written. The results showed a very good agreement when using the corrected 

procedure. 

 

 الخلاصة
ان المسااة ا الساا  لا الة للااا ليااة ارملااا جالاايك ناا  متااة  ملجةةلااو ال ياااا   ااةلااا ع ل ااو الاا لن ل  ااةم  ن ماا  

 عن  سااةاية ل   ااا عاااا لةللااا اا ااي  ناا  راا ا الا اا  . ال اايا التاساالا ا  ال اايا ال ة لااا ل اان اعماا   اةة اليااة
  .عالقا لا ة ل س  لا مسة ام ةم   ل لح ل سةا  مةيج لم   ل سةا
 ااج تماا  الةةااةن لمة ةاا  ال  يلاا  ال الااا  ل  علااع ماان الةمااة ل   ااج   لاالن المااا المسااة ا الساا  لا ناا  ا اا  سااةا  

 .الة للا لج  للةا ا سةا المسة ا الس  لا ل مسةنةن الثةة لا ن  مة ة  ال  يل  
ل لية من مة ةلةن ال  يل  ال الا  ال    ج ال ل    اتيلن مقةيةا لقلج المسة ا الس  لا الة للان  ر ا الا   

م ةعلاا ال ج التةع انض  م ةعلا  مث  را   الةقاة   مان را   . م    و الم س اا اةس اعاج الق ي المجةنئ لج  للةا
 ااج  سااةا ااالج تعلااعك ل مسااة ا الساا  لا الة للااا ماان   ااو الم ساا اا ماان الق ااي المجااةنئ  ماايك ثةةلااا يساامن راا   
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الساا  لا اعلاا لا ال اا   تااعن اةساا اعاج مة ةاا  ال  يلاا  ال الااا  ماا  راا   المسااة ا  الةقااة  ج  اااا ااالن المسااة ا
االايا  اللاع ج ةااا م ةعلاا المسااة ا . السا  لا التعلاعك  مان را   ال  ااا  اج التاةع انضا  م ةعلاا  مثا  را   الةقاة  

 .قا امقعاي جاليالس  لا المل  ا  اع اظيين ة ة ج تلعك تعا  لمجن اس اعامية علتةع مسة ا س  لا عال
KEY WORDS: 
 Specific surface, grain size distribution, correction 
 
INTRODUCTION 
The usual method to calculate the specific surface of a soil is the summation of the surface area of 

several sub divisions of the soil grains according to corresponding intervals on the gradation curve. 

There are various techniques to measure the specific surface of solids. Gas adsorption (i.e., the 

condensation of molecules on the mineral surface) determines surface area from the relationship 

between applied pressure and volume of gas forced into the specimen (water vapor is included in this 

group). Another technique is the absorption of molecules from solution onto a solid surface, in 

particular, dyes such as methylene blue. Additionally, specific surface values can be inferred from 

known thermodynamic properties (e.g., heat of immersion of a powder in a liquid), the rate of 

dissolution of soluble materials, microscopy, and the diffusiveness of  X-ray diffraction patterns. 

Details of these measurement techniques can be found in Adamson (1990).  

The potential use of specific surface in various geotechnical engineering applications and in the 

characterization of mineral resources. 

      A few examples are as follows: (i) assessing the extent of internal and interconnected micro 

porosity; (ii) characterizing the average slenderness of fine particles; (iii) computing the charge 

density on particle surfaces ,knowing the specific surface and the cation exchange capacity ; (iv) 

identifying the extent of fines coating coarse particles; n petroleum production, fines coating coarser 

particles may detach when the pore fluid is changed ("water shock"), migrate, and clog pore throats, 

thereby causing a dramatic decrease in permeability ("formation damage "); and (v) quality control 

and process monitoring, including natural and industrial situations such as the evolution of residual 

soils ,cement hydration, pyro-etamorphosis of minerals (e.g., ochre, bentonite),and the effectiveness 

of mineral separation processes, ( Santamaria et al, 2002). 
 
DEFINITION OF THE EQUIVALENT DIAMETER AND THE SPECIFIC SURFACE 
The usual method to calculate the specific surface of a soil is the summation of the surface area of 

several sub divisions of the soil grains according to corresponding intervals on the gradation curve. 

If a grain size distribution curve such as the one shown in Fig.1 is divided into n intervals, the 

specific surface of the soil, assuming spherical particles, is calculated according to the following. The 

average surface area of particles in an interval i of this gradation curve is 
2
iavpiav DS                                                                                                                                         (1) 

Where iavD  is the average diameter in this interval, while the average volume of a particle in this 

interval is 

3
iavpiav D

6
V


                                                                                                                                       (2) 

Hence, the total surface area of particles of this interval will be: - 
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Fig. 1. A typical gradation curve of a soil divided into n equal intervals, Al-Mufty and Al-Hadidi, 

(2005) 
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                                                                                        (3) 

 

where W is the total weight of soil particles in grams, fi and fi-1 are the cumulative percentages by 

weight of the particles finer in diameter than those at the beginning and the end of the interval i 

respectively, substituted in decimals, G is the average specific gravity of soil particles and w  is the 

density of water = 1gm/cm
3
. To unify the units, diameters are substituted in centimeters and the 

surface areas are obtained in cm
2
. The specific surface of the soil, in cm

2
 per 100gm of soil, may then 

be computed as: - 
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1ii
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                                                                                       (4) 

 

In 2005 Al-Mufty and Al-Hadidi, presented a procedure to predict the effective diameter. The 

equivalent diameter is defined as the diameter that may substitute the whole soil grains for 

calculating the specific surface. The specific surface in cm
3
 per 100gm of a soil may be calculated 

from the equivalent diameter as: - 
 

 

ewpew

pe
s

DG

600

VG

S100
S


                                                                                                                       (5) 

 

where Spe and Vpe are the surface area in cm
2
 and the volume in cm

3
 respectively, of a particle having 

a diameter equal to the equivalent diameter, De in cm. 

Equating the specific surface from Eq. (5) and Eq. (4), the following is obtained: - 

 

 






n

1i iav

1ii

e D

ff

D

1
                                                                                                                             (6) 

 

From which the equivalent diameter may be obtained for a specific grain size distribution curve. It is 

obvious that the equivalent diameter represents the harmonic mean of the particle diameters 

available, cf. Kezdi (1974). 
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Al-Mufty and Al-Hadidi (2005) reformed Eq.(4) to get this equation 

 






n

1i i

1ii
b

w
s

D

ff

10lnb

110

G

600
S


                                                                                                             (7) 

 
THE EQUIVALENT DIAMETER EQUATIONS 
In 2005 Al-Mufty and Al-Hadidi presented the equivalent diameter which could be used to 

calculating the specific surface. 

The aforementioned steps which were presented by Al-Mufty and Al-Hadidi, (2005) were devoted to 

determine an average diameter for a specific interval of a small width within the grain size 

distribution curve. Next, it is required to assess the value of the percentage finer corresponding to the 

diameter closest to the effective equivalent diameter, the latter being adopted to calculate the average 

specific surface of the soil as a whole. It is plausible to assume that the required value of the 

percentage finer is dependent on the number of logarithmic cycles and on the properties of the 

cumulative distribution of the grains. 

The cumulative distribution which assumed following the well-known cumulative normal probability 

distribution. This enables the calculation of the cumulative function corresponding to a certain 

diameter and vise versa. The most significant range of the probability distribution assumed as from 

-3 to +3,  and  being the mean and the standard deviation of the distribution, giving a 

confidence level of 99.73%. This is called the “3 rule” advised by Duncan (2000) for reliability 

problems in geotechnical engineering. Thus, the N cycles will correspond to 6 of the by weight 

distribution of the logarithms of diameters of particles. Then, it is possible to determine the standard 

deviation of the distribution. 
  

       6/N                                                 (8)   

The standard random variable of the standard normal probability distribution will be 

 






Dlog
z                                                                                                                                       (9) 

 

Substituting Eq.(9) in Eq.(5) and Eq. (7) and equating the latter equations as in Eq. (6), the following 

is obtained: - 
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z ie 10

ff

10lnb

110
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1


                                                                                                       (10) 

The mean  is the logarithm of D50 which may be easily determined. Nevertheless, its value is 

cancelled out from both sides if the equation is multiplied by (10

). The variables ze and zi represent 

the standard normal variables that correspond to the effective diameter in question and the diameter 

at the end of the interval i in the gradation curve. 

If a standard cumulative normal distribution curve is divided into n intervals within the range z=–3 to 

z=+3,  ze may be easily found as; - 
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                                                                                               (11) 

For a specified number of intervals, n, and a known value of the number of cycles N, the values of 

the standard deviation  and the interval width b are determined. For each interval i, the value of zi is 

determined from the inverse of the cumulative standard normal distribution function as the random 
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variable corresponding to fi ,the cumulative frequency. 

After ze is found, the corresponding cumulative frequency fe may be found from the cumulative 

standard normal distribution function as being the percentage finer that corresponds to the required 

effective diameter De. The specific surface of the soil may be determined through Eq. 5 using a single 

diameter obtained from the gradation curve. 

To put a single equation for simple assessment of fe , several trials to solve Eq. 11 are performed 

using different number of intervals and logarithmic cycles. The results of these trials are given in 

Table 1. Of course, the range of N for natural soils is from about one cycle for uniform soils to about 

five or six cycles for widely sorted soils (very well graded). The results have shown that 200 intervals 

would be enough to assess properly accurate values for fe. 

 

Table 1. The percentage finer fe corresponding to the equivalent diameter 
 

 

n 

N 

1 2 3 4 5 6 

10 42.446 34.868 28.118 22.346 17.615 13.870 

20 42.774 35.480 28.937 23.281 18.584 14.810 

40 42.856 35.634 29.144 23.520 18.834 15.056 

100 42.879 35.677 29.202 23.587 18.905 15.125 

200 42.883 35.683 29.211 23.597 18.915 15.135 

 

The values for the effective percentage of finer particles for the case of 200 intervals are plotted 

against the number of logarithmic cycles of the gradation curve in Fig. 3. 
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0.5 0.468413
1.0 0.428826
1.5 0.391971
2.0 0.356833
2.5 0.323480
3.0 0.292108
3.5 0.262896
4.0 0.235970
4.5 0.211390
5.0 0.189146
5.5 0.169171
6.0 0.151350

N fe
0.5 46.8413
1.0 42.8826
1.5 39.1971
2.0 35.6833
2.5 32.3480
3.0 29.2108
3.5 26.2896
4.0 23.5970
4.5 21.1390
5.0 18.9146
5.5 16.9171
6.0 15.1350

,  %

 
Fig. 3. The percent finer corresponding to the equivalent diameter for the case of 200 intervals for 

different N values 

 

The plotted values in the figure are tabulated to the right of the plot in the same figure. A regression 

analysis has been performed and a best-fit curve is found to be the following: - 

 

12.51N6.8N43.0f 2
e                                                                                                              (12)         
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with fe in percent. The coefficient of correlation is found to be 0.999994, which is very high indeed. 

The equation is limited to the range N[0.5,6] where the trend of the relation with fe is completely 

different for N values lower than 0.5, while for N>6, the fitting equation should be changed (particle 

diameters in natural soils yield no values out of this range practically). 

It is obvious now that for a certain soil, the equivalent diameter can be easily determined from the 

grain size distribution curve of that soil. It will be the diameter corresponding to the effective 

percentage finer determined from the table or from the graph given in Fig. 3 or using Eq.(12) 

directly. As the equivalent diameter is determined, the specific surface of the soil can be calculated 

using Eq. (5). 

 

The target equivalent diameter may be calculated by using equation derived in 2005 by Al-Mufty and 

Al-Hadidi . 
 

 
THE TEST RESULTS 
Grain size distribution curves for 154 different soil samples have been analyzed. The particle 

diameter values are taken in centimeters and plotted on the usual logarithmic axis against which the 

percentage finer is plotted. The curves are subdivided into intervals each of width b=0.2. The tails of 

the curves in the direction of small diameters are extended to determine an approximate value for the 

Do to start calculation. 
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Table 2. Grain size distribution of the samples 

D mm 0.
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6
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3

10

  Log D -5 -4.8 -4.6 -4.4 -4.2 -4 -3.8 -3.6 -3.4 -3.2 -3 -2.8 -2.6 -2.4 -2.2 -2 -1.8 -1.6 -1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Soil No. F%

1 0 5.2 11 35 72.6 82.6 87.8 93.5 95.2 97.7 98.6 99.1 100

2 0 0.8 2.6 4.3 8.6 40 74.3 83.4 90 93.4 96.5 98.6 99.1 100

3 0 5.2 11 45 76.9 86 92.1 95.2 97.8 99.5

4 0 1.7 4.3 6.9 12 50 86 93 98 99.5

5 0 1.7 4.3 7.8 13.4 74.3 90.8 96.9 100

6 0 3 7 10 20 36 70 83.9 90.8 95.2 98.6 99.1 100

7 0 4.3 11.3 33.9 86 93.4 97.8 100

8 0 3 6.9 13.4 47.8 90.8 96.9 100

9 0 4.3 8.6 16 75.2 93.4 100

10 0 2.5 10.6 20 30 48.1 53.7 63.7 73.7 76.2 78.1 81.2 88.8 93.7 100

11 0 2.5 10 20 33.7 40 41.2 45 50 55 61.2 72.5 82.5 91.2 100

12 0 1.2 1.3 2.5 5 10 15 25 34 43 66.2 70 80 95 100

13 0 1.8 2.5 6.2 12 20 25 35 50 60 71.2 85 100

14 0 1.2 1.8 3.7 5.6 13.7 25 45 72 83.7 87.5 96.3 100

15 0 1.2 2.5 3.7 7.5 13.7 28.7 40 52 70 80 90 98 100

16 0 2.5 7.5 15 25 40 67.5 80 90 99 100

17 0 1.2 1.8 5.6 10 15 23 30 37 48 62 72 85 100

18 0 0.8 3.4 8.6 17.3 31.7 51.7 71.3 83.5 91.7 96 98.6 100

19 0 0.8 5.2 8.6 13 20.8 36 57.8 74.7 84.4 91.3 94.4 96.9 100

20 0 0.8 3.4 8.6 22.6 64.3 81.7 91.7 97.8 100

21 0 2.1 5.2 10.8 26.9 82.6 94.3 100

22 0 5.2 12.6 60 85.2 93.4 97.8 100

23 0 1.7 14.3 70 90 96.9 100

24 0 1.3 4.3 10.8 24.3 66.9 80 88.6 92.6 95.6 96.9 97.8 98.6 100

25 0 2.6 6.9 12.6 27.8 72.6 84.3 91.7 96 96.9 98.2 98.6 99.1 100

26 0 1.7 4.3 6.9 12.6 27.8 81.7 90 96 97.8 98.6 100

27 0 0.8 2.6 4.3 7.82 14.3 31.7 86.9 94.3 100

28 0 1.7 3.4 6.9 10.8 70 90 95.2 100

29 0 0.8 1.7 3.4 5.2 10 25 61 77.3 86 91.7 95 96.9 97.8 98.6 100

30 0 0.8 1.7 3.4 6.9 13.4 27.8 66.9 80 88.6 93.4 96.9 98 98.6 99.4 100

31 0 1.7 3.4 5.6 9.5 15.2 31.7 78.6 87.8 94.3 97.3 99.5 100

32 0 1.3 3 4.7 8.6 13 27.3 95 100

33 0 4.3 13.9 40 93.4 100

34 0 5.2 10.8 24.3 66.9 80 88.6 93.4 95.6 96.9 98.2 99.1 100

35 0 0.4 1.3 3.4 7.3 12.6 27.8 72.6 84.3 92.6 95.6 97.8 98.5 99.4 99.7

36 0 0.4 1.3 3.4 6.9 12.6 27.8 80.8 90 96 98.6 99.5

37 0 2.6 4.3 8.2 14.3 32.6 86.9 95.2 100

38 0 1.3 3.4 8.2 14.3 70 90 96 100

39 0 3.4 8.6 25.2 75 85.6 91.7 95.6 98.2 98.9 99.5

40 0 3.4 8.6 65 78.6 87.3 92.6 96 98.2 99.5

41 0 3 6.5 11.7 34.3 76 86.5 92.6 96.5 98.2 99.5

42 0 1.6 3.4 10 57.8 82.6 91.7 96 98.6 100

43 0 1.7 5.2 10 15.6 70 88.6 96 100

44 0 1.7 3.4 6.5 10.4 16.9 75 90.8 97.3 100

45 0 1.3 4.3 11.3 35 83.4 91.3 96 98.6 100

46 0 3.4 10 26.9 75 85 91.7 95.2 97.3 98.6 99.5

47 0 1.3 4.3 10 35 78.6 86.9 92.6 96.5 99.5

48 0 1.3 2.6 5.6 11.7 35 80.4 89.1 94.3 97.8 99.5

49 0 1.7 3.4 5.2 8.6 13.4 35 86.5 95.2 100

50 0 2.6 4.3 6.9 12.6 65 87.8 96 100

51 0 1.3 4.3 11.3 26.9 85 93.4 97.8 98.6 100

52 0 0.8 2.1 4.3 6.9 10.8 16.9 35 70 83.4 90.8 95.2 97.8 98.6 99.5

53 0 0.8 2.1 4.3 6.9 12.6 30 90 96.9 100

54 0 3 5 8.6 16.5 70 92.6 100

55 0 3.4 10.8 25 50 66.9 78.6 86 92.6 96 98.6 99.5

56 0 3.4 12.6 30 54.3 72 82.6 90 95.2 97.6 99 100

57 0 2.6 6 15.2 40 76.9 86.9 94.3 97.6 100

58 0 2.6 6 15.2 43.4 83.4 93 97.8 99.5

59 0 2.6 6 15.2 65 91.3 98.6 100

60 0 2.6 9.5 22.6 75 85 91.3 95 96.9 97.8 98.6 99.5

61 0 1.3 3.9 10.8 30 80 90 95.2 97.8 99.1 100

62 0 0.8 3.4 5.6 10 25 76.9 86.9 93 96 97.8 98.6 99.5

63 0 0.8 3.4 5.6 12.6 30 82.6 91.7 96 98.6 100  
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64 0 1.7 2.6 4.3 6.9 12.6 30 85.2 93 97.8 100

65 0 1.7 3.4 5.6 8.2 14.3 32.1 90 96 100

66 0 2.1 6.9 30 75.6 85.2 91.7 95 96.9 97.8 98.6 99.5

67 0 1.5 6.9 30 77.8 86.9 93.4 96 97.8 98.6 99.1 99.5

68 0 1.7 3.4 8.6 55 82.6 91.3 96 98.2 99.1 100

69 0 2.6 4.3 11 55 85.2 93.4 97.8 100

70 0 1.7 4.3 6.9 12.1 66 90 96.9 100

71 0 1.7 3.4 5.6 9.1 15 70 91.3 97.8 100

72 0 3.4 10 60 80 88.5 94.3 96.7 98.2 99.5

73 0 3.4 10 60 80.8 89.5 95 96.9 98.6 99.5

74 0 1.3 6.9 30 71.7 82.6 90 93.4 95.2 96 96.9 99.5

75 0 2.6 7.8 45 76.9 86.5 92.6 95 96.5 97.3 98.2 99.1 100

76 0 2.6 5.2 11.3 65 86 93.4 97.3 98.6 100

77 0 3 6 12.6 70 91.7 97.8 100

78 0 1.7 4.7 10.8 23.4 60 77.8 86.9 92.6 95 96.9 97.8 98.6 100

79 0 3.4 7 13.4 30 65.6 80 87.8 94.3 96.9 98 98.6 99.5

80 0 1.7 5.2 10 15 30 77.4 87.8 94.3 97.6 98.6 100

81 0 1.7 4.3 9 13 30 86.9 95.6 100

82 0 4.3 13.4 36 93.4 100

83 0 1.7 4.3 11.7 35 80.8 96 98.6 99.5

84 0 3.4 10 26.9 84.7 94.3 98.6 99.5

85 0 1.7 4.3 10 30 76.9 86 92 94.7 96.9 97.8 98.2 99.5

86 0 1.7 4.3 12 50 80 88.6 94.3 96 98.2 98.6 99.1 99.5

87 0 4.3 6 14.3 70 90 96.9 100

88 0 4.3 6 13 45 87.8 96 100

89 0 3.9 10 25 73.9 83.9 90 93.9 96 98.2 98.6 100

90 0 3.9 11 26 75 84.3 91 94 97 98.3 98.7 100

91 0 3.9 12 27 76 86 92 95 96 98 98.7 100

92 0 3.9 13 25 80 88.6 94.3 96.9 98.6 99.5

93 0 6 13.8 30 89.2 96 100

94 0 6 14.3 33 93 97.8 100

95 0 4 6 13 24 45 52 56 63 67 73 83 100

96 0 6 13 30 53 66 80 88 92 95 98 100

97 0 5 13 18 48 85 95 98 98.7 99.3 100

98 0 5 11 22 45 83 92 96 98.7 100

99 0 5 20 36.8 68.7 82.5 88 94 97.5 98 99 100

100 0 1 1.5 4.2 5.2 7.3 8.4 12.1 20 33.1 61.5 87.3 96.3 100

101 0 5 12.1 45.2 75.2 87.8 90 91 92.1 93.1 97.3 99.4 100

102 0 0.8 3 7.8 21.3 61.7 91.7 96 97.8 98.6 99.1 100

103 0 0.4 1.7 3 10.8 30 56 61.7 66 73.4 84.3 92.6 97.8 100

104 0 2.6 8.6 25 40 43.4 47.8 56.9 76.9 86 93.4 100

105 0 1 2 6 21 37.5 44 49 55 65 82 100

106 0 1.5 3 5 15 30 44.5 47.5 49.5 52 58.5 74 91 100

107 0 1.5 2.5 4 7.5 20 54 73 75 76 78 83 90.5 96 100

108 0 3 9 30 55 61 63 65.5 70 84 100

109 0 1.5 4 11 25 46.5 50 57 65 76 91 100

110 0 2 3 4 6 9 14 24 45 75 91 100

111 0 3 8 12 17 25 34 56 85 92 95 100

112 0 4 13 35 71 88 90 92 95 97 99 100

113 0 1.5 3 5 25 33 37 40 42 47 64 90 95 100

114 0 2.5 3.5 7 11 16 20 26 42 75 86.5 91 100

115 0 4.5 9 13 18 23 27 31 37 42 48 55 60 68 75 82 91 95 97 97.5 97.7 97.9 98 98.5 99 99.5

116 0 4 8 13 18.5 23 29 33 38 44 48.5 55 62 69 78 86 92 96 98.9 99 99.8 100

117 0 5 11.9 16 22 28 32 38 43 50 64 78 89 94 99 100

118 0 4 6 6.5 7.5 8 14 28 48 71 91 97 98.9 99 100

119 0 5 6 7 14.5 32 35 36 37 39 42 54 66 78 96 100

120 0 2 4 6 9 12 15 21 28 37 45 55 64 72 82 88 96 98 99 99.5

121 0 4 8 12 15 19 22 26 29 33 37 40 44 48 54 59 69 79 85 90 94 96 98 99 100

122 0 3 6 12 26 48 85 99 99.1 99.8

123 0 8 16 26 34 44 54 64 72 77 82 86 90 94 97 99 100

124 0 6 11 20 28 36 44 48 54 62 70 80 83 85 88 89 91 93 94 95 98 100

125 0 10 16 22 30 39 48 54 64 74 79 83 85 86 89 90 92 92.8 94 95 96 98 98.8 99 100

126 0 10 20 28 38 50 60 68 73 77 81 86 90 93 94 96 98 99 99.5

127 0 3 6 11 16 20 25 33 40 48 67.5 68.5 77 84 90 94 96 97 97.5 98 98.8 99 99.5

128 0 6.25 11.3 15 47.5 83.8 96.3 97.5 97.5 97.5 98 99 100

129 0 7.5 12.5 18.8 23.8 56.3 87.5 98.8 98.8 98.8 99 99.5

130 0 5 11.3 16.3 22.5 26.3 32.5 57.5 82.5 93.8 96.5 97.5 98 99.8

131 0 11.3 18.8 20 22.5 23.8 26.3 27.5 28.8 29.5 30 32.5 40 65 90 98 98.8 99 99.5  
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132 0 7.5 15 26.3 32.5 35 38.8 45 51.3 52.5 57.5 65 66.3 70 72.5 83.8 95 98.8 99 99.5

133 0 3.75 8.75 15 47.5 83.8 96.3 97.5 97 98 99 99.5

134 0 47.5 51.3 53.8 62.5 65 67.5 72.5 78.8 79 83.8 90 93.8 97.5 98.8 99 99.8

135 0 7.5 12.5 20 51.3 85 93.8 95.5 96.3 97.5 98 100

136 0 4.5 10 17.5 47.5 82.5 96.3 98 98 98.2 98.5 99 100

137 0 57.5 58 61.3 68.8 73.8 76.3 80 88.8 90 93.8 97.5 98 98.5 99 99.5

138 0 72.5 76.3 82.5 92.5 93 94 94.5 95 95 97.5 98 98.5 99 99.5

139 0 27.5 55 60 67.5 81.3 90 95 96 97 97.5 98 98.5 99 99 99 99 99.8

140 0 28.8 54.5 60 68.8 82 91.3 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 99 99 99.8

141 0 18.8 20 22.5 26.3 28.8 30 30.5 31.3 33.8 38.8 47.5 70 92.5 98 99.5

142 0 10 18 20 22.5 26.3 27.5 28.8 31.3 32.5 36.3 50 68.8 80 93.8 98 99.5

143 0 8.75 16.3 23.8 28.8 40 48 52.5 57.5 61.3 65 71.3 76.3 85 92.5 95 97.5 98 98.5 99 99.9

144 0 50 53.8 58.8 65 67.5 70 70 72.5 80 87.5 93.8 96.3 97.5 99.5

145 0 20 42.5 44.5 50 60 67.5 72.5 81.3 92.5 96.3 97.5 98 99 99.5

146 0 16.3 35 37.5 40 48.8 58.8 60 72.5 85 97.5 98 98.5 99 99.5

147 0 40 43.8 47.5 61.3 66.3 71.3 78.8 92.5 98 98 99 99.8 100

148 0 5 15 18.8 23.8 31.3 40 47.5 55 62.5 66.3 70 71.3 73.8 76.3 78.8 82.5 85 88.8 93.8 100

149 0 18.8 20 23.8 28.8 33.8 35 42.5 50 57.5 70 80 82.5 85 85.1 87.5 90 91 93 95 100

150 0 12.5 22.5 23.8 27.5 32.5 40 43.8 57.5 78.8 92.5 96.3 98 99 100

151 0 7.5 14 15 17.5 22.5 25 28.8 32.5 40 50 71.3 97.8 98 98.8 99 99.5

152 0 60 62.5 68.8 80 85 88.8 90 91.3 92.5 93.8 96.3 97.5 98.8 99 100

153 0 62.5 66.3 73.8 80 87.5 90 90 90 90 92.5 95 96.3 97.5 98.8 100

154 0 3.5 5 8.75 23.8 33.8 38.8 45 50 57.5 61.3 63.8 65 67.5 72.5 75 78.8 82.5 86.3 91.3 100  
 

Al-Mufty and Al-Hadidi (2005) draw the relation between the ratio of the specific surface calculated 

using the equivalent diameter to the specific surface calculated through summing the interval surface 

area of particles (Spe/SPT) and the coefficient of curvature (CC which is equal to  (  1060
2
30 D*DD )) as 

show in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Comparison between (Spe/SPT) values and coefficient of curvature (CC ) for uniformly graded  

samples 

Al-Mufty and Al-Hadidi (2005) found that the ratio (Spe/SPT) decreases with the increase in the 

coefficient of curvature (CC). Ratios closer to 1.0 are found for values of the coefficient of curvature 

in the range 1.0 to 3.0. 

Considering the soil type and gradation, it is found that the results are less accurate in clayey soils 

than in sandy soils. 

 

THE COMPUTER PROGRAM 

Simple computer program has been written for this research in order to find CC, Cu the fe and De for 

the 154 samples as shown in Table (3).  
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Table 3. The results of the program for all the 

 

Sample no. Cu Cc N f e D e S pe S PT Gradation Type

1 2.33     1.04273 2.4 39.689 0.01679 14582 13634 UNIFORM

2 2.03     0.88527 2.6 41.428 0.01616 15844 14718 GAP

3 2.13     0.92038 2 40.8167 0.01498 15916 14677 GAP

4 2.16     1.02884 2 40.6574 0.01415 16687 17939 UNIFORM

5 1.88     1.19515 1.6 42.4153 0.01245 18386 20170 UNIFORM

6 4.60     1.69923 2.4 31.7842 0.02225 9657 11693 WELL

7 2.17     1.1693 1.4 40.5599 0.01681 13294 14561 UNIFORM

8 2.30     1.09874 1.4 39.8645 0.01425 15581 17235 UNIFORM

9 2.05     1.28265 1.2 41.3364 0.01218 18235 20116 UNIFORM

10 8.73     0.15255 2.8 25.3741 0.0203 8755 8289 GAP

11 59.72   0.22156 2.8 12.1995 0.01754 6234 4705 GAP

12 57.73   7.77115 2.8 12.353 0.07836 1063 1529 GAP

13 6.54     2.10094 2.4 28.136 0.29021 613 992 WELL

14 4.00     1.20     2.4 33.3026 0.30411 737 902 WELL

15 6.43     0.75     2.6 28.3026 0.15657 1242 1406 GAP

16 4.77     1.32     2 31.3837 0.30557 638 792 WELL

17 8.03     0.79     2.6 26.1478 0.19496 793 1291 GAP

18 4.49     1.09     2.4 32.0358 0.02531 8594 9223 WELL

19 5.79     1.42     2.6 29.3687 0.01296 15988 20037 WELL

20 2.29     1.18     1.8 39.9216 0.01919 11955 12269 UNIFORM

21 2.23     1.36     1.4 40.267 0.0177 12590 14666 UNIFORM

22 2.45     0.79     1.4 39.0702 0.01293 17041 16527 GAP

23 1.71     1.04     1.2 43.6872 0.01275 17759 17111 UNIFORM

24 2.47     1.29     2.6 38.9822 0.01858 12948 12797 UNIFORM

25 2.72     1.47     2.6 37.7804 0.01756 13475 14436 UNIFORM

26 2.57     1.54     2.2 38.4596 0.01736 13266 16226 UNIFORM

27 2.72     1.55     1.8 37.7728 0.01667 13411 18136 UNIFORM

28 1.61     1.01     1.6 44.4564 0.01299 17920 19155 UNIFORM

29 2.73     1.27     3 37.7667 0.01866 13290 14317 UNIFORM

30 2.95     1.45     3 36.8324 0.01763 13794 15532 UNIFORM

31 3.19     1.66     2.4 35.914 0.01652 13849 19131 UNIFORM

32 2.71     1.80     1.6 37.8364 0.01703 12996 18925 UNIFORM

33 2.27     1.13     1 40.0144 0.01585 13669 15749 UNIFORM

34 2.49     1.30     2.4 38.87 0.01855 12769 12616 UNIFORM

35 2.77     1.49     3 37.5891 0.01753 13822 15534 UNIFORM

36 2.59     1.54     2.6 38.4026 0.01738 13558 16063 UNIFORM

37 2.77     1.52     1.6 37.588 0.01653 13341 17756 UNIFORM

38 2.02     1.23     1.6 41.5055 0.01252 18198 19589 UNIFORM

39 2.10     1.21     2.2 40.9816 0.00183 128919 127354 UNIFORM

40 1.50     0.92     2 45.3843 0.00135 178197 155676 GAP

41 2.45     1.16     2.2 39.0838 0.00167 140266 150460 UNIFORM

42 1.92     1.04     1.8 42.1567 0.00136 171269 160370 UNIFORM

43 16.93   10.19   1.6 19.8062 0.01036 18312 20600 GAP

44 2.34     1.45     1.8 39.6484 0.01198 18944 23418 UNIFORM

45 2.19     1.12     1.8 40.4693 0.0167 13753 14767 UNIFORM

46 2.37     1.33     2.2 39.4795 0.01788 13065 12966 UNIFORM

47 2.25     1.10     2 40.1396 0.01673 13927 14236 UNIFORM

48 2.32     1.15     2.2 39.7347 0.01663 14222 15681 UNIFORM

49 2.75     1.42     1.8 37.6754 0.01623 13769 19554 UNIFORM

50 1.87     1.10     1.6 42.4848 0.013 17704 19552 UNIFORM

51 2.24     1.39     1.8 40.161 0.01761 12939 14385 UNIFORM

52 3.84     1.54     3 33.7814 0.02435 10256 13237 UNIFORM

53 2.46     3.03     1.8 39.0104 0.01698 13284 17685 GAP

54 2.12     1.27     1.4 40.8563 0.01233 18165 21220 UNIFORM

55 3.47     0.96     2.4 34.9308 0.01903 12110 11057 GAP

56 3.32     1.18     2.2 35.4368 0.01757 12929 12018 UNIFORM  
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57 2.64     1.10     1.8 38.1582 0.01532 14815 15699 UNIFORM

58 2.49     1.10     1.8 38.8738 0.01472 15558 16429 UNIFORM

59 1.96     1.13     1.4 41.8641 0.0128 17681 18364 UNIFORM

60 2.16     1.28     2.4 40.6245 0.01857 12801 12481 UNIFORM

61 2.20     1.44     2 40.3897 0.01744 13312 14118 UNIFORM

62 2.28     1.34     2.6 39.9594 0.0181 13216 14587 UNIFORM

63 2.45     1.58     2 39.0921 0.01716 13346 15647 UNIFORM

64 2.51     1.66     2 38.7639 0.01705 13377 18146 UNIFORM

65 2.74     1.58     1.8 37.7143 0.01657 13482 19662 UNIFORM

66 2.02     0.99     2.4 41.5154 0.0178 13609 12651 GAP

67 1.99     1.00     2.4 41.6945 0.01774 13627 12737 UNIFORM

68 1.70     0.88     2 43.7528 0.01417 16992 15713 GAP

69 1.83     0.93     1.6 42.7604 0.01394 16671 16564 GAP

70 1.81     1.09     1.6 42.8946 0.01301 17741 19307 UNIFORM

71 2.15     1.30     1.8 40.6824 0.0124 18478 22475 UNIFORM

72 2.15     1.47     2 40.6824 0.01327 17548 15510 UNIFORM

73 2.15     1.47     2 40.6824 0.01327 17548 15585 UNIFORM

74 2.08     0.62     2.4 41.153 0.01793 13571 12221 GAP

75 1.92     0.86     2.4 42.1838 0.01531 16276 13909 GAP

76 1.67     1.00     1.8 43.942 0.01323 17822 17411 UNIFORM

77 1.75     1.08     1.4 43.3347 0.0128 17848 18523 UNIFORM

78 1.55     2.15     2.6 44.9464 0.02078 12636 12533 UNIFORM

79 2.98     1.62     2.6 36.6829 0.01728 13722 14405 UNIFORM

80 2.71     1.79     2.2 37.8402 0.0171 13450 17102 UNIFORM

81 2.85     2.07     1.6 37.2135 0.0168 13093 17219 UNIFORM

82 2.28     1.22     1 39.9512 0.01636 13261 15434 UNIFORM

83 2.27     1.12     1.8 40.0444 0.01667 13738 14981 UNIFORM

84 2.29     1.42     1.6 39.8898 0.01758 12787 13795 UNIFORM

85 2.37     1.38     2.6 39.5051 0.0174 13794 13858 UNIFORM

86 2.08     0.94     2.6 41.107 0.01423 17510 15643 GAP

87 1.85     1.13     1.4 42.6179 0.01264 17980 18946 UNIFORM

88 2.27     1.07     1.4 40.0245 0.01475 15084 17053 UNIFORM

89 2.68     1.53     2.2 37.9508 0.0179 12848 12795 UNIFORM

90 2.33     1.32     2.2 39.7039 0.01803 12971 13046 UNIFORM

91 2.42     1.38     2.2 39.2138 0.01778 13094 13321 UNIFORM

92 2.47     1.50     2 38.9542 0.01781 12826 13612 UNIFORM

93 2.50     1.71     1.2 38.7961 0.01697 12829 15083 UNIFORM

94 2.48     1.41     1.2 38.9427 0.01659 13144 15537 UNIFORM

95 10.00   0.48     2.4 24.1408 0.0252 7269 7056 GAP

96 3.92     1.24     2.2 33.5355 0.02696 8120 7685 UNIFORM

97 3.47     1.48     2 34.9334 0.02055 10695 11935 UNIFORM

98 3.25     1.24     1.8 35.6682 0.02084 10377 11745 UNIFORM
99 3.01     1.06     2.2 36.5738 0.01575 15024 14520 UNIFORM

100 5.05     1.70     2.6 30.792 0.36708 587 1338 WELL

101 2.28     0.95     2.4 39.9664 0.02335 10490 9210 GAP

102 2.29     1.15     2.2 39.9327 0.03106 7630 7727 UNIFORM

103 3.64     0.37     2.6 34.3807 0.04302 5420 4632 GAP

104 10.33   0.31     2.2 23.8572 0.03855 4198 3463 GAP

105 11.13   0.29     2.2 23.2006 0.04233 3853 3249 GAP

106 20.86   0.32     2.6 18.275 0.02778 5294 4614 GAP

107 2.65     1.03     2.8 38.1103 0.0321 7683 7411 UNIFORM

108 3.61     0.35     2 34.4782 0.04323 5031 4188 GAP

109 8.01     0.44     2.2 26.1736 0.04082 4576 4093 GAP

110 4.57     1.49     2.2 31.849 0.29837 706 1259 WELL

111 8.46     1.97     2.2 25.656 0.25976 555 992 WELL

112 2.54     1.09     2.2 38.6048 0.0263 8981 8668 UNIFORM

113 20.09   0.18     2.6 18.544 0.02165 6027 4880 GAP

114 9.10     2.76     2.4 24.9884 0.36837 457 994 WELL

115 825.40 0.08     5.2 8.91957 6.3E-05 1398620 869652 GAP

116 72.92   0.48     4.4 11.3533 5.4E-05 1617321 1355615 GAP  
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117 39.62   0.82     3 14.2455 0.00021 307105 425130 GAP

118 4.34     1.17     2.8 32.4078 0.00111 210221 404403 WELL

119 41.69   0.09     3 13.9696 0.00024 601038 513625 GAP

120 27.83   1.29     4 16.3403 0.00044 296826 484244 WELL

121 331.13 0.60     4.8 8.13421 6.4E-05 788814 741184 GAP

122 3.40     1.19     2.2 35.1544 0.01211 18685 21228 UNIFORM

123 11.75   0.68     3.2 22.7411 5.4E-05 3138395 2569744 GAP

124 24.55   0.39     4.2 17.1573 0.00014 1208252 795101 GAP

125 14.45   0.66     4.8 21.0355 0.00015 1666790 970095 GAP

126 593.38 0.00     4 8.39877 3.7E-05 2862777 1834184 GAP

127 23.07   1.47     4.8 17.5756 0.00076 228785 190241 WELL

128 3.30     1.46     2.4 35.4893 0.21188 1087 1170 UNIFORM

129 5.30     2.25     2.4 30.2827 0.17386 1231 1659 WELL

130 11.48   2.88     2.8 22.9371 0.06658 1635 2964 WELL

131 241.11 79.84   3.8 8.34206 0.00089 29844 50690 GAP

132 63.10   0.13     4 11.9566 0.00052 247684 141378 GAP

133 2.69     1.19     2.4 37.948 0.21939 1087 1103 UNIFORM

134 5.02     0.29     3.4 30.8455 0.00135 171290 96978 GAP

135 3.56     1.50     2.2 34.6172 0.19658 1136 1249 UNIFORM

136 3.73     1.57     2.4 34.1048 0.2045 1106 1143 UNIFORM

137 3.08     0.45     3.6 36.3153 0.00134 180835 111758 GAP

138 1.37     0.94     3.4 46.6226 0.00134 187377 142730 GAP

139 1.96     1.00     3.6 41.8692 0.00127 228897 147270 GAP

140 1.98     0.96     3.6 41.7754 0.00126 233226 149259 GAP

141 160.12 0.01     3.2 8.97641 0.00125 25500 40133 GAP

142 100.00 2.44     3.4 10.216 0.00101 28227 50250 WELL

143 31.62   0.48     4.2 15.5466 0.0006 238698 149579 GAP

144 3.98     0.36     3.2 33.3659 0.00136 171702 101628 GAP

145 21.70   0.11     3.2 17.9999 0.00095 188646 112153 GAP

146 20.57   0.14     3.2 18.3741 0.00105 166502 93679 GAP

147 5.39     0.29     3 30.0951 0.00141 158795 88648 GAP

148 27.12   0.79     4 16.5039 0.00302 35710 30659 GAP

149 54.12   0.57     4 12.6528 0.00136 56857 43627 GAP

150 29.08   1.04     2.8 16.0631 0.00118 42691 65994 WELL

151 65.64   3.65     3.8 11.7864 0.00135 23706 41733 GAP

152 32.92   0.04     3 15.3047 0.00112 177618 121592 GAP

153 1.45     0.93     3 45.9261 0.0014 179217 126336 GAP

154 20.73   0.20     4 18.3188 0.00534 35382 22621 GAP  
 

 

CORRECTION PROCEDURE  

By using Eq. (7), the specific surface of soil particles is obtained. Meanwhile, the number of 

logarithmic cycles, N, for each soil is determined and the percent finer corresponding to the 

equivalent diameter is found using Eq. (12). Accordingly, the equivalent diameter is determined and 

the corresponding specific surface is calculated using Eq. (5). The results from the latter equation are 
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compared with those obtained from Eq. (7) and plotted in Fig. 5. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Comparison between values of specific surface obtained from Eq. (7) and Eq. (5) for the 

analyzed soils 
 

Fitting has been made for specific surface obtained from eq.(7) and that obtained from eq.(5) and 

from this fitting it is found that the best equation representing this relationship is: 

 

Y= (0.4587)*X
(1.0755)

                                                                                                                          (13) 

by using this equation new Spe  is found as follows: 

Spe(new)=(1/0.4587)*Spe
(1/1.0755)

                                                                                                            (14) 

And this Spe(new) is re drawn with original SPT  obtained from equation no. (7), as shown in Fig. 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Comparison between values of specific surface obtained from Eq. (7) and Eq. (14) for the 

analyzed soils 

Fitting has been made for specific surface obtained from eq.(7) and that obtained from eq.(14) and 

from this fitting it is found that the best equation representing this relationship is: 

 

Y = (1.0563)*X
 
                                                                                                                                 (15) 

By using this equation another new Spe  is found as follows: 

 

Spe(final) =(1/1.0563)* Spe(new)                                                                                                             (16) 
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And this Spe(final) is re drawn with original SPT  obtained from equation no. (7), as shown in Fig. 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Comparison between values of specific surface obtained from Eq. (7) and Eq. (16) for the 

analyzed soils 

 

Fitting has been made for specific surface obtained from eq.(7) and that obtained from eq.(16) and 

from this fitting it is found that the best equation representing this relationship is: 

Y=X                                                                                                                                                    (17) 

The comparison has proved better agreement and the coefficient of correlation between the results of 

the two equations is found to be 0.982921.The values obtained for the ratio of the specific surface 

calculated using the equivalent diameter to the specific surface calculated through summing the 

interval surface area of particles (Spe(new)/SPT) varied from 1.594972 to 0.453831 with an average of 

1.025342, which is more close to 1.0. The standard deviation of the ratio distribution is found to be 

0.225367 .  

 

SEPARATING THE SAMPLES 

In order to find the best correction equation, the samples are separated to gap, well graded and 

uniformly graded samples.  

Well Graded Samples: 

Fitting has been made for specific surface obtained from eq.(7) and that obtained from eq.(5) for well 

graded samples as shown in Fig.(8) 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Comparison between values of specific surface obtained from Eq. (7) and Eq. (5) for the well 

graded analyzed samples. 
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Spe(final) =( Spe/0.59394)
(1/1.0227) 

                                                                                                         (18) 
 

And this Spe(final) re draw with original SPT that obtained from equation no. (7), as shown in Fig. 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Comparison between values of specific surface obtained from Eq. (7) and Eq. (18) for the 

well graded analyzed samples. 

 

The comparison has proved better agreement and the coefficient of correlation between the results of 

the two equations is found to be 0.985730.The values obtained for the ratio of the specific surface 

calculated using the equivalent diameter to the specific surface calculated through summing the 

interval surface area of particles (Spe(new)/SPT) varied from 1.67 to 0.5031 with an average of 0.9438, 

which is more close to 1.0. The standard deviation of the ratio distribution is found to be 0.2008.  

 

Gap Graded Samples: 

Fitting has been made for specific surface obtained from eq.(7) and that obtained from eq.(5) for gap 

graded samples as shown in Fig.(10) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 10. Comparison between values of specific surface obtained from Eq. (7) and Eq. (5) for the gap 

graded analyzed samples. 

from this fitting it's found that the best equation could represented this relationship is: 
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Spe(final) =( Spe/0.5995)
(1/1.0636) 

                                                                                                            (19) 

 

And this Spe(final) re draw with original SPT that obtained from equation no. (7), as shown in Fig. 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 Comparison between values of specific surface obtained from Eq. (7) and Eq. (19) for the gap 

graded analyzed samples. 

 

The comparison has proved better agreement and the coefficient of correlation between the results of 

the two equations is found to be 0.985421.The values obtained for the ratio of the specific surface 

calculated using the equivalent diameter to the specific surface calculated through summing the 

interval surface area of particles (Spe(new)/SPT) varied from 1.420 to 0.3256 with an average of 

0.8975, which is more close to 1.0. The standard deviation of the ratio distribution is found to be 

0.2166 .  

 

Uniform Graded Samples  

Fitting has been made for specific surface obtained from eq.(7) and that obtained from eq.(5) for 

uniform graded samples  as shown in Fig.(12) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 12 Comparison between values of specific surface obtained from Eq. (7) and Eq. (5) for the uniform graded  

from this fitting it's found that the best equation representing this relationship is: 
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Spe(final) =( Spe/1.0724)
(1/0.9837) 

                                                                                                           (20) 

 

And this Spe(final) re draw with original SPT that's obtained from equation no. (7), as shown in Fig. 13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 13 Comparison between values of specific surface obtained from Eq. (7) and Eq. (5) for the uniform 

graded analyzed samples. 

 

The comparison has proved better agreement and the coefficient of correlation between the results of 

the two equations is found to be 0.98545.The values obtained for the ratio of the specific surface 

calculated using the equivalent diameter to the specific surface calculated through summing the 

interval surface area of particles (Spe(new)/SPT) varied from 1.4161to 0.3256 with an average of 

0.9712, which is more close to 1.0. The standard deviation of the ratio distribution is found to be 

0.2170 .  
 
CONCLUSIONS 
Al-Mufty and Al-Hadidi proposed procedure for calculating the equivalent diameter by which the 

equivalent specific surface could be calculated. In this paper the equivalent specific surface could be 

corrected by a proposed procedure. 

Analysis of 154 soil gradation curves has shown a very good agreement between the surface area 

values cumulated from gradation curves and the corrected specific surface which was obtained from 

the proposed equation. 

   

NOTATIONS 

Diav The average diameter 

Spiav The average surface area of a particle 

Vpiav the average volume of a particle  

Si the total surface area of particles of each interval 

W The weight of the whole soil in grams. 
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w

    f The values in percents representing the percentage of soil grains by weight passing the 

corresponding sieve size (diameter) on the gradation curve. 

G The average specific gravity of the soil particles. 

 The density of water = 1 gm/cm
3
 

Ss The specific surface of the soil  

Spe The specific surface of the  particle having the equivalent diameter 

Vpe The volume of the  particle having the equivalent diameter 

De The equivalent diameter 

Spt The specific surface calculated through summing the interval surface area of particles 

N Number of logarithmic cycles 

n Number of classes 

b The width of each interval 

fe The % finer on the gradation curve that yields a diameter which is the equivalent diameter 

required 

z The standard normal distribution variable  

  The standard deviation  

  The mean 

  The constant ratio  

CC The coefficient of curvature 

 
REFERENCES 

 

 Adamson , A.W.1990. "physical chemistry of surfaces".5
th

 ed. John Wiley & Sons, New 

York.  

 

 Al-Mufty, A.Abdul-Ezel and Al-Hadidi, Maysam Th. (2005). "Assassment of 

Equivalent Grain Diameter For Soil Specific Surface Determination". Journal of 

Engineering, Vol. 11, No. 2, PP. 275-289. 

 

 Duncan, J. M. (2000). "Factors of Safety and Reliability in Geotechnical Engineering". 

Journal of Geotechnial and Geoenvironmental Engineering, ASCE, Vol. 126, No4, pp. 

307-316. 

 

 Kezdi, A. (1974). Handbook of Soil Mechanics Vol.1: Soil Physics. Akademiai Kiado, 

Budapest, 292 pp. 

 

 Santamaria, J. C. , Klein, K. A. ,Wang ,Y. H. , and Prencke , E. (2002)."Specific 

Surface: Determination and Relevance". Can. Geotechnical, PP.233-241.  
 



Journal of Engineering Volume 16 march 2010      Number1  
 

 

 4695 

 
 

 

 

 
 

 

 

 

 

NUMERICAL ANALYSIS OF THIN BEAMS RESTING ON 

NONLINEAR ELASTIC FOUNDATIONS 
 

Dr. Adel A. Al-Azzawi 

Lecturer Al-Nahrain University 

 

 

ABSTRACT 

 

The finite difference method is used for solving the basic differential equation for the elastic 

deformation of a thin beam supported on a nonlinear elastic foundation. A tangent approach is used 

to determine the modulus of subgrade reaction after constructing a second degree equation for load-

deflection diagram. Results of plate loading test of soil obtained in Iraq were used in the analysis. 

An iterative approach is used for solving the nonlinear problem until the convergence of the 

solution. The method of analysis, as programmed for a computer solution, considers the continuous 

elastic, nonlinear foundation to be active only when the beam is pressing against the foundation. 

Two examples of with simply supported beams are presented to illustrate the application of the 

method of analysis. 

 

 

 

 التحلٌل العددي للعتبات النحٌفة المسندة على اساس غٌر خطً مرن

 
 الخلاصة

 
النحيفة المسندة  إنّ طريقةَ الفروقِ المحدودةِ تمستعملُ لحَلّ المعادلة التفاضميةِ الأساسيةِ لمتشوه المرن لمعتباتِ 

 ِِ التربة باستعمال معادلة من الدرجةِ  المعامل المماسي يُستَعملُ لتحديد معاملِ ردِّ فعل. عمى اسسِ مرنةِ لاخطّيةِ
تم الحصول عمى نَتائِج إختبارِ تحميل الصفيحة لتربةِ في العراق والتي تم . الثانيةِ من مخطط الحمل مع الازاحة

ان . تم اعتماد طريقة الحل المتكرر لحَلّ مسألة الاسس اللاخطّيةِ حتى يتقاربِ الحَلِّ .استخدامها في التحميلِ 
لِ، تم برمجتها باستخدام الحاسوب، حيث  يَعتبرُ الاسسسَ اللاخطّيةَ المرنة المستمرةَ الّتي سَتَكُونُ طريقة التحمي

تم انتخاب إثنان مِنْ أمثمةِ العتبات المسند اسناد بسيط لكي تقُدّمُ .  فعالةَ فقط عندما الحمل يَضْغطُ الاسس
 .تَصور لكيفية تطبيق طريقةِ التحميلِ 

 

 



A. A. Al-Azzawi                                                                                    Numerical Analysis Of Thin Beams Resting 

                                                    On Nonlinear Elastic Foundations 

 

 4696 

KEWORDS 

 

Beams, finite differences, Winkler foundation, nonlinear analysis, tangent modulus. 

 

 

INTRODUCTION 

 

The analysis of a linear elastic thin beam supported on a linear elastic foundation and subjected to 

lateral loads has been accomplished by many different techniques. The beam may have different 

support types such as fixed, simply supported and a load bearing media. Elastic support provided 

for beams is referred to foundation. The basic assumption is that the reaction forces of the 

foundation are proportional at every point to the deflection of the beam at that point. Winkler first 

introduces that assumption in 1871. Many researches were carried out this works such as Heteny 

(1946); Vlasov and Leontiev (1960); Selvadurai (1979); Chen (1999); Yin (2000) and Guo and Y. 

Jack Weitsman (2002).  

 

       Modulus of subgrade reaction is a conceptual relationship between soil pressure and deflection. 

It can be measured by using plate-loading test. Using this test, a load-deflection curve is adapted. 

The modulus of subgrade reaction Ks can be calculated using: 

 

w

p
K z                                                                                                                                               (1) 

 

where : 

      Kz     is the modulus of subgrade reaction, 

      p     is the applied pressure and 

      w     is the deflection. 

 

       The value of Kz is obtained from the concept of secant or tangent approach as shown in Fig. 

(1). 

 

 

 
 

Fig. (1): Typical load-deflection curve. 
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        There are a wide range of Kz values for different types of soils. In the present study a quasi 

linearization method or iteration procedure to get the value of Kz was used. This lineariazation by 

method iteration was developed using tangent method as a basic approach. 

THEORY 

 

The basic or differential equation for beams resting on Winkler foundation is [Fig. (2)]: 

 

EI

q
w

EI

K

dx

wd z

4

4

                                                                                                                            (2) 

 

where: 

      w   is the deflection of the beam, 

      E  is the modulus of elasticity of the beam, 

      I  is the moment of inertia of beam section and 

      q is the distributed load per unit length. 

         

There are many methods used to solve this equation depending on type of support and applied 

loading: 

 

 Exact solutions. 

 Finite difference method. 

 Finite element method. 

 Fourier series method. 

 

 

 
 

Fig. (2): Beam element supported by load bearing media. 
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FINITE DIFFERENCE METHOD 

 

The method of finite difference was used in the present study to solve the differential eq. (2). The 

basic concept of this method is to replace the derivatives by ratio of infinite small quantities or 

difference at selected points [Fig. (3)]. 

 

 

 

 

 
 

Fig. (3): Finite difference at selected points. 

 

        In this method the derivatives 
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are converted into equivalent finite 

difference representations as follows: 
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        The beam is divided into small elements of length Δx. Depending on boundary condition 

(support conditions) the differential equation can be solved as shown in Fig. (4). 
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Fig. (4): Finite difference mesh. 

 

        In this study, the nonlinear behavior is adapted using iterative values of Kz. A typical p-w 

diagram was taken from a plate loading test was carried out on a soil in Baghdad. The reading of 

this test is shown in Fig. (5). The consultant Bureau in the University of Baghdad carried out this 

test. 
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Fig. (5): Plate test data. 

 

        The data shown in the load-deflection curve is used to obtain the following second degree 

polynomial equation: 

 
297

z w10*021.8w10*962.1280000)w(K                                                                       (8) 
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which gives, the initial modulus of subgrade reaction= 280000 kN/m
3
 and the final modulus of 

subgrade reaction= 171429 kN/m
3
 for 0051.0w    

 

APPLICATIONS 

 

Two cases were considered in this study for a simply supported beam (concentrated load and 

uniform distributed load) as shown in Fig. (6) and Fig. (7). 

 

Case 1 

Beam depth = 0.25m 

Beam height =0.25m 

Concentrated load P = 500 kN 

Length = 5m 

E = 25*10
5
 kN/m

2 

 

 

 
 

 

Fig. (6): Beam characteristics in case 1. 

Case 2 

 

Beam depth = 0.25m 

Beam height =0.25m 

Uniform load q = 250 kN/m
2 

Length = 5m 

E = 25*10
5
 kN/m

2 

 

 

 
 

 

Fig. (7): Beam characteristics in case 2. 

 

Here, the boundary conditions used to solve case 1 and 2 are: 

 

 At x = 0 , deflection = bending moment = 0. 

 At x = L, deflection = bending moment = 0. 
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RESULTS 

  

For the simply supported beam, figure (8) shows the deflection profile along x-direction for the 

linear elastic and non-linear elastic Winkler foundation while figures (9) and (10) show the bending 

moment and shearing force along x-direction. The results show nonlinear effect of Kz in the two 

solutions. For the beam under a concentrated load, figures (11), (12) and (13) show the deflection 

profile, bending moment diagram and shearing force diagram. The results show nonlinear effect of 

Kz in the two solutions. Figure (14) shows that the mid-span deflection for the linear and nonlinear 

modulus decreases as the depth of the beam increases because the section flexural rigidity EI of the 

beam increases. Figures (15) and (16) show that the mid-span moment and maximum shear force 

increase as the depth of the beam increases because also the section flexural rigidity EI of the beam 

increases for the two approaches (linear and nonlinear). 

 

CONCLUSIONS 

   

The obtained results show different values for both deflection and bending moment but rather close 

values for shearing force for high values of applied loads on the beam, which is resting on linear or 

nonlinear elastic Winkler foundation. The nonlinear behavior of soil was obtained by using high-

applied loads (to make the difference in results much obvious). This study shows that the elastic 

method for analyzing beam resting on Winkler foundation is still valid for ordinary applied loading 

on beams. The effect of beam depth on maximum beam deflection and bending moment is found to 

be significant but not much on shearing force. 
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Fig. (8): Deflection profile of beam in case 1. 

 

 

 

 

 

 

Bending Moment Diagrams
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Fig. (9): Bending moment diagram of beam in case 1. 
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SHEAR FORCE DIAGRAMS
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Fig. (10): Shearing force diagram of beam in case 1. 
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Fig. (11): Deflection profile of beam in case 2. 

 

 

 

 

 

 



A. A. Al-Azzawi                                                                                    Numerical Analysis Of Thin Beams Resting 

                                                    On Nonlinear Elastic Foundations 

 

 4704 

 

 

 

Bending Moment Diagrams

-40

-20

0

20

40

60

80

100

120

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Distance (m)

B
e
n

d
in

g
 M

o
m

en
t 

( k
N

. m )

LINEAR

NON LINEAR

 
 

 

Fig. (12): Bending moment diagram of beam in case 2. 
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Fig. (13): Shearing force diagram of beam in case 2. 
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Fig. (14): Effect of beam depth on maximum deflection (case1). 
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Fig. (15): Effect of beam depth on maximum bending moment (case1). 
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Fig. (16): Effect of beam depth on maximum shearing force (case1). 
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ABSTRACT 

     The objective of this study was to develop a complete package for prediction of volumetric and 

thermodynamic properties of pure hydrocarbons fluids and their mixtures in one and two phase 

regions. Two cubic equations of state that are Peng-Robinson and Soave-Redlich-Kwong were used 

with volatile and black oils respectively to calculate the desired properties in addition to bubble point 

and dew point pressures and temperatures. Different values of binary interaction parameter were used 

for each equation and effects of this parameter values on the prediction are examined. Also values of 

this parameter between the plus-fraction and other component have been evaluated for first time. In 

calculation of heat capacity, four different mixing rules have been proposed to evaluate the 

temperature derivatives in case of the mixtures. Wide comparisons with the literature experimental 

data were made which indicated that both equations of state predict accurately different properties and 

marked improvements are achieved by use binary interaction parameter other than zero. Also both 

equations predict bubble point pressure of a certain mixture approximately with same accuracies using 

the recommended values of binary interaction parameter. Among the proposed mixing rules, Kay’s one 

appeared the best one to determine temperature derivatives.   

 

 الخلاصة
هذه الدراسة  هةت ويةتبز ازجةامك مل امةب للالةو اةالفتاي الة شباث ة  يالمزمتةباام   ة  ل  زكلةا   كان الهدف من     

ريااسةن -وم اسلفدام معاةلل ن من معةاةت  الاالة  يه ةا ااة . اله دريكاراتج   يخلاثيها في طتري الغاس يالساثب

ي تاةة  يكةةذال   ةةغتط يةر ةةا  يجةة  لاةةةتط الفة ةةة  يالمل  ةة  ا ةةل اللةةتالي لاسةةا  الفةةتاي ال -ربةةدل -يسةةتاف

 PR Eosاسلت دم  مل  لدراسة تاثير معامل  التلدا   الثئلاعل  الح الاسلا ا   .الازارة لالي  الةلاا  يجلي  الادى
جلاج  ملر  تلف  لل  للد الدراسلة  .SRK Eosار عة مجامي  م تافة من معامل  التلدا   الثئلاعل ج مجملج تين مل  

ج قيللة المرا للا  امللا امتللرس اياللا اسللت داف المجمج للة الرا عللة   Plus Fractionاسللاق ملليف  لللا المعاملل   للين
تف امتلراس ار علة مجا لد لاملتق لتقليف , لاساق السعة الارارية الئج ية. SRKم  معادلة  PR Eosالمست دمة م  

ؤشرا مقارئا  جاسعة م  القيف التجري ية المئشجر   ل الاد يا  تم  جا ط  م. مشتقا  الارار   ل االة ال لاعط
ان  اتين المعادلتين تتئ ا  م تاف ال جاص  دملة  اليلة جتاسليئا  مااجتلة تاققل   اسلت داف مليف لمعامل  التلدا   

الالك الا المعادلتين ججلدتا ال ط الفقا لة لملتيي معلين تقري لا  لئف  الدملة  ئلد اسلت داف مليف . الثئاعل غير الصفر
اائل   لل الا ال   لل تقليف مشلتقا   Kayمقترالة  مجا لد ملن  لين مجا لد الملتق ال. معام  التدا   المجصح  ها

 .الارار 
 

 

 

 



     S.M. Hamad-Allah                                                                           Calculation Of Volumeteric And Thermodynamic  

M. N. Reshag                                                                                     Properties For Pure Hydrocarbons And Their 

                                                                                                            Mixtures Using Cubic Equations Of State 

 

 7474 

  INTRODUCTION 

          Thermodynamic and physical properties of hydrocarbon fluids needed for process design and 

operation in petroleum industries are usually calculated through various thermodynamic models and 

equations available in process simulators. Generally there are four categories of thermodynamic 

models, which are: - 

 Equations of state model.  

 2- Empirical equations and generalized correlations. 

 3- Activity coefficient models. 

 4- Specific models. 
 

     Among many equations of state proposed for predicting phase behavior of hydrocarbon (non-polar) 

systems, cubic equations of state have been widely used in the reservoir simulation because of their 

simplicity and accuracy. Soave-Redlich-Kwong (1972) and the Peng-Robinson (1976) cubic equations 

of state have enjoyed widespread acceptance in the petroleum industries. The purpose of this work is to 

report the results of simultaneous PVT, thermodynamic properties and vapor-liquid equilibrium 

prediction for pure hydrocarbons and their mixtures. Also transport properties calculated from 

empirical functions in temperature and density. The two equations of state mentioned above were used 

to perform vapor-liquid equilibrium calculation first and then to calculate thermodynamic and transport 

properties. Also bubble point and dew point pressures and temperatures were predicted using four sets 

of binary interaction parameter for PR Eos and two sets for SRK Eos. Values of this parameter 

between C7+ and other component have been computationally evaluated and a suggestion to used the 

last set of PR Eos with SRK Eos. 

     Thermodynamic properties such as enthalpy, entropy, heat capacity at constant pressure and 

volume, isothermal and adiabatic Joule-Thomson coefficients, isentropic pressure-temperature 

coefficient, and adiabatic temperature exponent were calculated analytically from the equations of 

state. In calculation of heat capacity, four different mixing rules have been proposed to evaluate the 

temperature derivatives in case of mixtures. Also transport properties such as viscosity, thermal 

conductivity, and sonic velocity were estimated using different methods and correlations. All 

calculated properties were compared with corresponding available experimental data. 

 

EQUATIONS OF STATE 

     The Soave-Redlich-Kwong equation (1972) has the following form: 

      
 bVV

a

bV

RT
p

mm

T

m 



                                                                                                                  (1)      

with; 
20.176ω1.574ω0.48m                                                                                              (2) 

            20.5

rT1m1α                                                                                                                   (3)        

        aT= ca .α                                                                                                                                      (4)                                                                                                                                                                                            

         c

2

c

2

c /PT0.42747Ra                                                                                                                 (5)                                                                                                  

cc
/P0.08664RTb                                                                                                                 (6) 

     SRK equation of state is a cubic equation in term of compressibility factor Z and this form is the 

most convenient form used in vapor-liquid equilibrium calculation. This form is: 

          0ABZBBAZZ 223                                                                                              (7)       

Where the dimensionless coefficient A and B are defined by the following expressions: 
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RT

bP
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For a mixture, Soave suggested the following mixing rule: 
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                               (11)      

 The term kij is the binary interaction coefficient and it will be discussed in the next section. The 

fugacity coefficient of component i in a mixture is calculated from the following equation: 
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BZ              (12)      

Where     
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b
B i

i '                      (13) 

        )1(2
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ijTiiTj
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j Kaya
a

A                  (14)                              

Peng-Robinson Eos has the following form:  

     
     bVbbVV

aα

bV

RT
P

mmmm 



                                                   (15) 

where α is calculated from eq. (3). However, the parameter m is calculated according the following 

equation: 

      
20.2699ω1.5423ω0.3746m                             (16)                                                   

For PR EOS, the constants a and b are defined by the following equations: 

      
c

2

c

2 /PT0.45724Ra                                                 (17)                                                                  

       cc /P0.0778RTb                       (18)                                                  

In vapor-liquid calculation for mixture Peng–Robinson suggested the same mixing rule of Soave, i.e. 

eq. (10) and eq. (11). Compressibility factor are calculated from the following equation by employing 

Newton–Raphson method:- 

            0BBABZ2B3BAZ1BZ 32223                                                       (19) 

Where A and B are calculated from eq. (8) and eq. (9). The fugacity coefficient of component i in a 

mixture is calculated from the following equation: 

          













0.414BZ

2.414BZ
Ln)'')(

2
(')1(BZlnΦln

5.1i iii BA
B

A
BZ                          (20) 
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Where A
’
 and B

’
 determine by eq. (13) and eq. (14) respectively.          

The main causes which lead to select SRK and PR equations of state to predict the vapor –liquid 

equilibrium are: 

1- Its parameters are known for many pure compounds. 

2- Its interaction parameters are available for numerous binary mixtures. 

3- Since its constants are fitted to vapor pressure data it is reliable for vapor-liquid equilibrium 

calculations. 

 
 

BINARY INTERACTION PARAMETER 

     Typically all mixing rules used to determine equation of state parameters for multicomponent 

mixtures are utilized binary interaction parameter. This parameter is usually assumed to be 

independent of temperature, pressure, and composition. However, some authors introduced values for 

Kij as a function of temperature. 

     Generally there are three different categories of binary interaction parameter that have been used by 

the investigators with Peng-Robinson and Soave-Redlich-Kwong equations of state. These categories 

are as following: 

 In first category all binary interaction parameter values are set to be equal zero depending on 

the above assumption. 

 In the second category Kij for hydrocarbon pairs is taken as zero, while Kij between CO2, N2, 

H2S and hydrocarbons has been determined experimentally. 

 In the third category Kij between hydrocarbons themselves and non-hydrocarbons has been 

determined experimentally for each equation of state. 

 

     In this study, four different sets of binary interaction parameter were used with PR Eos. In the 

first set, values of binary interaction parameter are taken to be zeros. Table (1) and Table (2) show 

the values proposed by Brusilovsky and Prausitz
 
(1968) which represented the second and third 

sets. The last set used with PR Eos is representing by equation proposed by Gao (1992) as a 

function of critical compressibility factor, which is: 

 

        cijZ

cjcicjci

PR

ij TTTTK )]/()(2[)1( 2/1                 (21)  

         Zcij =
2

cjci ZZ 
                                (22) 

Where Zci is the critical compressibility factor for pure component i and it can be calculated form the 

following equation: 

        
c

cc

c
RT

VP
Z                                            (23) 

     Where these critical properties are available in the literatures (McCain, 1990) for any component 

except heptane-plus. Edmister (1984) show a simple relationship of Zc with acentric factor , which 

obtained directly from the Pitzer-type Z-tables of Lee-Kesler (1975). This relationship illustrated by 

equation (24). 

                       0879.02901.0 cZ                                      (24)   

 

     By calculation of critical compressibility factor for heptane-plus, and then using eq. (22) and eq. 

(21), binary interaction parameters between heptane-plus and other components are calculated where 
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this study is the first one that considered this parameter between the plus fraction and other 

components. 

 

     Table (1) Binary Interaction Parameters for Peng-Robinson equation According to Brusilovsky 

Comp 

-onent 

C2 C3 i-C4 n-C4 i-C5 n-C5 C6 C7 C8 C9 C10 N2 CO2 H2S 

C1 0.005 0.01 0.035 0.025 0.050 0.030 0.030 0.035 0.040 0.040 0.045 0.025 0.105 0.070 

C2  0.005 0.0 0.010 0.010 0.010 0.020 0.020 0.020 0.020 0.020 0.010 0.130 0.085 

C3   0.0 0/0 0.015 0.002 0.010 0.005 0.005 0.005 0.005 0.090 0.125 0.090 

i-C4    0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.095 0.115 0.075 

n-C4     0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.095 0.115 0.075 

i-C5      0.0 0.0 0.0 0.0 0.0 0.0 0.100 0.115 0.070 

n-C5       0.0 0.0 0.0 0.005 0.0 0.100 0.115 0.070 

C6        0.0 0.0 0.0 0.0 0.110 0.115 0.070 

C7         0.0 0.0 0.0 0.115 0.115 0.060 

C8          0.0 0.0 0.120 0.115 0.060 

C9           0.0 0.120 0.115 0.060 

C10            0.125 0.115 0.055 

N2             0.0 0.130 

CO2              0.135 

 

 
      Table (2) Binary Interaction Parameters for Peng-Robinson equation According to Prausnitz 
 

Comp 

-onent 

C2 C3 i-C4 n-C4 i-C5 n-C5 C6 C7 C8 C9 C10 N2 CO2 H2S 

C1 0.0 0.017 0.030 0.027 --- 0.027 0.040 0.037 0.052 0.050 0.042 0.031 0.098 --- 

C2  0.0 -0.005 0.010 0.009 --- -0.040 0.007 0.018 --- 0.014 0.042 --- --- 

C3   -0.008 0.003 0.012 0.028 -0.001 0.007 --- --- 0.0 0.091 0.124 --- 

i-C4    -0.002 ---- --- --- --- --- --- --- --- 0.131 0.049 

n-C4      0.017 -0.007 0.004 --- --- 0.008 0.149 0.135 --- 

i-C5               

n-C5        0.010 --- --- --- --- 0.127 --- 

C6             0.110 --- 

C7               

C8               

C9               

C10             0.113 --- 

N2             -0.012 0.176 

CO2              0.096 

 
 
 

     With SRK Eos the first set of binary interaction was also representing by zeros, Table (3) shows the 

values of this parameter as proposed by Prausitz (1968), which represented the second set. If one 
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examined PR and SRK equations of state he easily can recognize a large similarity between them, for 

example their parameters aT and b are function for the same variables, their dimensionless parameters 

A, B have the same equation, and their parameters are evaluate for the case of a mixture using the 

same mixing rules. Therefore, we proposed that the same vales of binary interaction parameter could 

be used for SRK EOS as well as PR Eos. In this study, the Gao equation (1992) (set (4)), which used 

with PR Eos, has been used with SRK Eos. 

 

                                                  Table (3) Binary Interaction Parameters  

                                                              for SRK Equation of State 

 

Compound H2S CO2 N2 

H2S --- 0.102 0.140 

CO2 0.102 --- -0.022 

N2 0.140 -0.022 --- 

Methane 0.085 0.0973 0.0319 

Ethane 0.0829 0.1346 0.0388 

Propane 0.0831 0.1018 0.0807 

n-Butane 0.0609 0.1474 0.1007 

n-Pentane 0.0697 0.1278 --- 

Hexane --- --- 0.1444 

Heptane 0.0737 0.1136 --- 

Octane --- --- --- 

Nonane 0.0542 --- --- 

Decane 0.0464 0.1377 0.1293 

 
 
 TYPE OF RESERVOIR FLUIDS 
     Generally there are five types of reservoir fluids. The types are usually classified by the 
relationship of the reservoir temperature to the critical temperature and the cricondentherm of the 
mixtures, and by the surface conditions. The fluid types are; Dry Gas, Wet Gas, Retrograde Gas, 
Volatile Oil, and Black Oil 
     In this study, the classification of McGlashan and Peden (1981) for the natural hydrocarbons has 
been used to determine the type of fluid of interest. The suggested classification is shown in Table (4). 
 

CHARACTERIZATION SCHEME FOR HYDROCARBON SYSTEMS 
     Vapor-liquid equilibrium and thermodynamic properties calculations generally require critical 
properties, molecular weight, and acentric factor as input data. Over the years, the critical properties 
have been measured and compiled for many hydrocarbons and other substances. For methane through 
decane and the impurities (nitrogen, carbon dioxide, and hydrogen sulfide), the critical pressure, 
critical temperature, and acentric factor are given in Table (5) (McCain, 1990). 
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                                     Table (4) Typical Compositions of Hydrocarbon Fluids 

 

Type of Fluid 
Methane + Impurities 

(mol %) 

Intermediates 

(mol %) 

Heptane Plus 

(mol %) 

Dry Gas 90 9 1 

Retrograde Gas 70 22 8 

Volatile Oil 55 30 15 

Black Oil 30 35 35 

 

 

                      Table (5) The Constant Physical Properties of Pure Hydrocarbon Substances 

 

Compound Critical Pressure 

Psia 

Critical Temperature 

R
° 

Molecular Weight 

Ibm/Ib-mole 

Acentric Factor 

w 

Nitrogen 493.1 227.6 28.0134 0.0372 

Carbon dioxide 1071 547.91 44.01 0.2667 

Hydrogen sulfide 1300 672.45 34.08 0.0948 

Methane 666.4 343.04 16.043 0.0104 

Ethane 706.5 549.76 30.07 0.0986 

Propane 616 665.68 44.097 0.1524 

I-Butane 527.9 734.65 58.123 0.1848 

N-Butane 550.6 765.3 58.123 0.1995 

I-Pentane 490.4 828.7 72.150 0.2280 

N-Pentane 488.6 845.4 72.150 0.2514 

Hexane 436.9 913.4 86.177 0.2994 

Heptane 396.8 972.4 100.204 0.3494 

Octane 360.7 1024.5 114.231 0.3977 

Nonane 331.8 1072.6 128.258 0.4445 

Decane 305.2 1111.7 142.258 0.4898 

 

     As it well known that most laboratory analyses of produced fluids end with some residual or plus 

fraction. Typically this is C7+. So there is a need to obtain the physical properties of the plus fraction to 

perform equation of state calculations. In this study, Riazi and Daubert
  

(1980) correlation has been 

used for estimate the physical properties of plus fraction with Peng-Robinson equation of state. Their 

equation has the form: 

 

                 C
c

b

B
7

γTaθ                                           (25) 

Where (θ) is a physical property to be predicted, 

7
c
γ  specific gravity of plus fraction, and (a, b, c) are 

correlation constants as shown in Table (6). 

            

    Mahdi (2002) modification of Riazi and Dubert correlation has been used to predicate the critical 

properties of the heavy fractions with Soave-Redlich-Kwong equation of state. The equation has the 

same form of equation (25) but with different values for the constants (a, b, c). The values of these 

constants are shown in Table (7). With both equations of state, the value of the boiling point has been 

estimated from Whitson relationship (15) which represented the following equation:- 
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0.154270.15178
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4.5579




















                                                  (26)  

 

where TB is the boiling point in degree Rankine. Also the acentric factor has been estimated by 

Edmister approximation relationship, which has the following form (Mahdi (2002)): 

              1
1/

log

7

3













BC

C

TT

P
                                                                (27) 

 

where Pc in atmospheres. 

 

Table (6) Constant for Riazi and Dubert Correlation
  

θ a b c 

Mw 4.5673*10
-5 

2.1962 -1.0164 

Tc 24.2787 0.58848 0.3596 

Pc 3.12281*10
9 

-2.3125 2.3201 

Vc 7.5214*10
-3 

0.2896 -0.7666 

 

 

 

                Table (7) Constants for Mahdi Modification of Riazi and Dubert Correlation 

θ a b c 

Tc 24.2787 0.58848 0.3596 

Pc 3.12281*10
9 

-2.3125 2.3201 

 

                        

 

   THERMODYNAMIC PROPERTIES FROM CUBIC EQUATION OF STATE 

     In the classical thermodynamic framework it is possible to obtain typical relationships for the 

calculation of enthalpy, entropy, fugacity and other thermodynamic properties. These properties can be 

related to operating variables of the processes, e.g. the temperature of a fluid in a heat exchanger. It is, 

therefore, important to establish relationships between the properties and independent variables like 

temperature or pressure. Such relationships for thermodynamic properties of fluids can be obtained 

using equations of states. 

     In this section, expressions for enthalpy, entropy, and heat capacity departures of a mixture are 

derived. The thermodynamic property expressions for a pure substance are not separately derived here, 

because the mixture expressions also apply to pure substances. 
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Enthalpy Departure 

 - For SRK Eos, isothermal enthalpy departure expression is given by: 
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- For enthalpy departure is given by the following equation: 
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where T(da/dT) is given by eq. (29) too. 

 

Entropy Departure 

- For SRK Eos: 
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- For PR Eos:  
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Where P
*
 is equal to 14.7 psia. 

 

HEAT CAPACITY DEPARTURE 

     The deviation of the isobaric specific heat values from ideal gas state can be expressed on the basis 

of the definition CP = 

PT

H












 from classical thermodynamics. One can use eq. (28) to derive the 

expression of heat capacity departure; however, the above relationship is more convenient and widely 

used. Also, in all literatures, which have been surveyed in this study, we found only the expression of 

the isobaric heat capacity departure of a pure component derived from Peng-Robinson equations of 

state. Therefore, the expressions of isobaric heat capacity for a multicomponent mixture have been 

derived in this study by both selected equations of state, which are also applied to pure components 

with restrictions of N =1, and Kij = 0. For SRK Eos we got: 
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- For Peng-Robinson equation of state 
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     To applying the above two equations to predict the isobaric heat capacity of a multicomponent 

mixture, the term 
5.0

5.0


rmT

of mixture must be evaluated first. None of the surveyed literature illustrated 

how to evaluate this term even ones predict heat capacity by both equations of state. In this study, the 

following mixing rules have been proposed to evaluate the required term for a mixture: 

 

1. Use of Kay’s additive
 (5)

 rules to calculate mixture wm, Tcm, Pcm, then  

            Tr = T/Tcm 

              20.5

rmm T1m1α    

     2

m 0.176ω1.574ω0.48m   with SRK Eos and  

                 2

m 0.2699ω1.5423ω0.3746m   with PR Eos. 

 

2. Molal average mixing rule which is given by: 
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           3. Van der Waal’s mixing rule, which is given by: 
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          4. Herning and Zipper mixing rule which is given by: 
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Other Thermodynamic Properties 

- Heat capacity at constant volume: From the fundamental property relations, the following 

relationship between CV and CP has been used to calculate the isochoric heat capacity: 
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In this equation universal gas constant R must be in Btu/Ib-mole-R. 

- Joule-Thomson effects: where the adiabatic coefficient is given by the following expression: 
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and the isothermal coefficient is given by: 
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- Sonic velocity:  

                                  Uf = 2/1)])/()()(/[( Tc ZZkRTMwg                             (50) 

For PR Eos: 
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For SRK Eos: 
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IDEAL GAS STATE THERMAL PROPERTIES 

     The thermodynamic property calculation methods presented in the previous sections are for 

calculating the isothermal departure function of the properties from their ideal gas state values for pure 

fluids or mixtures. Therefore, it is imperative to know the ideal gas state properties for the calculation 

of the absolute values of thermodynamic properties of real fluids at a given temperature and pressure. 

      For pure components and defined composition mixture we utilize the Aly and Lee (1981) equations 

for calculating ideal gas state thermal properties. For all pure components except hydrogen sulfide, the 

following equations have been used:   
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Where temperature in
 o

K, enthalpy in Cal/gm-mole, heat capacity and entropy in Cal/gm-mole 
o
K. One 

of the prominent features of the above equations is that the parameters (A, B, C, D, E, F, and G) have 

physical meaning through their statistical mechanics derivation. For example, the constant B represents 

the contributions due to the translational and rotational motions of the molecules, and constant D 

characterizes vibrational temperature of the polyatomic molecules.  

       For hydrogen sulfide, the correlation of Passut and Danner (1972) has been used. This correlation 

represented by Eqs, 2.28, 2.29, and 2.30. Values of the equations constant are: 

A = -0.61782, B = 0.238575, C = -0.024457 E-3, D = 0.044067 E-6, E = -0.130126 E-10, F = 

0.144852 E-14, and G = -0.045932. 

       For undefined mixtures and petroleum fractions a method named “Equivalent Pure Component” 

has been used. This method is simple and generally involving only one parameter. It states that if there 

is an undefined substance (pure or mixture) has a value for certain variable equal to that of a pure 

component, then they will have the same properties (Sehgal, 1968). Since that the ideal gas thermal 

properties are a function of the molecular weight, so this variable can be adapted as correlated 

parameter. This method has two disadvantages, the first one that it restricted to mixtures of 

homogenous series. The second one is that for large molecular weight mixtures, ideal gas thermal 

properties must be available for heavy hydrocarbon components. In this study, this method restricted to 

molecular weight of 282 (of Eicosane) Ibm/Ib-mole. 

 

  RESULTS AND DISCUSSION 

     The objective of current study was to develop a complete package for calculating of physical and 

thermodynamic properties mainly for hydrocarbon and petroleum fluids by means of two equations of 

state in vapor and liquid phases. Peng-Robinson and Soave-Redlich-Kwong equations of state have 

been used for volatile and black oils respectively in this package, these equations used to perform the 

following calculation types: - 

 Fluid properties prediction (P & T specified). 

 Bubble point pressure calculation (T specified). 

 Bubble point temperature calculation (P specified). 

 Dew point pressure calculation ( T specified). 

 Dew point temperature calculation ( P specified). 

 Gas-oil separation calculations (isothermally and adiabatically). 

In these calculation types the following properties are calculated:- 

 Phase region and Phase envelope. 

 Vapor and liquid mole fractions (V, L). 

 Phase’s compositions (yi, xi). 

 Equilibrium ratios (K-values). 

 Compressibility factor (Z). 

 Density. 

 Enthalpy (H). 

 Entropy (S). 

 Isobaric heat capacity (Cp). 
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 Isochoric heat capacity (Cv). 

 Isothermal and adiabatic Joule – Thomson coefficients. 

 Adiabatic temperature exponent. 

 Surface tension. 

 Viscosity. 

 Thermal conductivity. 

 Speed of sound. 

     Many correlations for viscosity, thermal conductivity, surface tension and sixty tables compare the 

computed values of phase region, vapor mole fraction, vapor and liquid phases compositions, bubble 

point pressure and temperature, enthalpy, entropy, heat capacity, adiabatic and isothermal Joule-

Thomson coefficients and sonic velocity for pure component, binary mixtures, multicomponent 

mixtures, volatile and black oils samples (The mole composition and properties of plus fraction of 

hydrocarbon mixtures and oil samples are tabulated in Appendix A) in different phase regions not 

included in these few papers because little space available. So only the most important results and their 

discussions presented in this section 

     The validity of both equations of state is examined by using absolute relative deviation (RD) and 

absolute average percentage error (AAPE) according to the following equations:- 

       0.100)( 



Exp

CalExp
AbsRD                                                        (56) 

  
N

RD
AAPE


                                                  (57)   

     In addition to the comparisons with the corresponding available experimental data, the calculated 

properties from the present package are compared with those calculated by other internationally 

developed software, namely PhysPros and MixProps. A trial version for 14 days for these two software 

were gotten from G&P Engineering Software company (http://www.gpengineeringsoft.com) that 

specializes in delivering high quality chemical engineering software for chemical professionals. 

PhysPors is used for application of pure component, thermophysical property database and property 

estimating. MixProps is used to calculate a two-phase vapor-liquid equilibrium, thermodynamic, and 

transport property for technical professionals using five equations of state including SRK and PR. 

  

 Phase Region 

      In order to check the capability of equations of state to predict the phase region of a mixture, 

experimental data of simple hydrocarbon mixtures (binaries) have been used. Table (9) shows the 

experimental and predicted phase regions for Ethane-n-Butane mixtures
 
(Wolfe, 1966) using PR and 

SRK Eos at 400 Psia pressure and temperature range from 50 to 250 
º
 F. This table illustrates the effect 

of the binary interaction parameter on estimation of phase region. 

       Regardless of the value of binary interaction parameter, PR Eos predicts the phase region with 

reasonable accuracy as shown in Table (9). It is clear that the 4
th

 set of Kij and MixProps software give 

the exact results, also 1
st
 set give good agreement with experimental phase regions. While 2

nd
 and 3

rd
 

sets give results with lower accuracy especially for mixtures B2, and B3. For SRK Eos both sets give 

good results and no improvement noted for one over another one. SRK results are better matched with 

experimental results than those obtained by MixProps software. The second set is eliminated from this 

comparison because it considers the values of binary interaction parameter only between non-

hydrocarbon and hydrocarbon components and since the investigated binaries do not contain non-

hydrocarbon component, it will make no difference in results from those of the first set.  
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Table 9 - Comparison of Predicted and Experimental Phase Region  

for Ethane-n-Butane Mixtures At 400 psia
 
 

Sample 

No 

Temp. 

(
º 
F) 

Exp. 

PR SRK 

Cal 

(1) 

Cal 

(2) 

Cal 

(3) 

Cal 

(4) 
MixProps 

Cal 

(1) 

Cal 

(3) 
MixProps 

B1 246.2 V V V V V V V V V 

B2 205.4 V V V V V V V V V 

B3 166.0 V V V V V V V V V+L 

B4 124.8 V V V V V V V V V 

B5 75.0 V V+L V V V V V+L V V 

B1 209.1 L L L L L L L L L 

B2 129.0 L L V+L V+L L L L L L 

B3 88.4 L L V+L V+L L L L L V+L 

B4 63.8 L L L L L L L V+L V 

B5 47.8 L L L L L L L L V 

V = Vapor, L = Liquid  

 

 

Bubble Point Pressure Prediction 

    Bubble point pressures of different hydrocarbon mixtures have been calculated by PR Eos with its 

four sets of binary interaction parameter and compared with experimental pressures and those 

calculated by MixProps software (Table (10). It is obvious that PR Eos gives very good agreements 

with experimental data for these mixtures, which included binary, ternary, and multi component 

mixtures. The capability of the fourth set of Kij to improve the results appear again specially over the 

first set, however, all sets gave results much more accurate than those calculated by MixProps software 

which gave AAPE of 14.37 while first set in the present program gave 5.031 (maximum). Also bubble 

point pressure has been calculated by SRK Eos with its three sets for binary interaction parameter for 

these hydrocarbon mixtures and presented in the same table. SRK Eos gives very good agreements 

with experimental data and the second set of Kij gave the minimum error of 2.85 %, and all sets gave 

results much more accurate than those of MixProps software. 

 

     With respect to petroleum fluids, bubble point pressure has been calculated for five volatile oil 

samples and presented in Table (11). In general, agreement between predicted and experimental results 

is good. However, in some instances, significant disagreement was noted. While it is not possible to 

explain such disagreement with certainty, close scrutiny of the experimental data suggests that for 

some of the reported points there may be appreciable experimental error specially when these 

experimental data taken from one reference as the case of volatile oils. 

 

      Many studies have been used bubble point pressure as the basis to conclude that PR Eos is more 

suitable for predicting of volatile oils phase behavior. Most of these studies predicted Pb by PR and 

SRK Eos with zero binary interaction parameter, and found the PR give less AAPE for volatile 

systems than black ones. 

      Table (12) shows the predicted results of Pb for ten black oil samples by PR Eos. As in the other 

studies, PR Eos gives AAPE for black oils great than that of volatile oils with zero binary interaction 

parameter, also this is the case of the 2
nd

 and 3
rd

 sets of Kij, but PR Eos give very good agreement with 
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Table (10) – Comparison of Experimental and Calculated Bubble Point Pressure by PR and SRK Eos 

for Binary, Ternary and Multicomponent Mixtures 

Sample 

No 

Temp 
º
 F 

Bubble Point Pressure (Psia) 

Exp. 

SRK PR 

Cal 

 (1) 

Cal  

(2) 

Cal 

 (3) 
MixProps 

Cal 

 (1) 

Cal  

(2) 

Cal 

 (3) 

Cal  

(4) 
MixProps 

B7 -130 483.56 488.261 488.261 488.373 488.732 485.649 485.73 485.806 485.787 486.079 

T1 -179.8 488.5 444.973 489.225 450.410 447.5 441.42 548.5 472.32 447.27 447.5 

T2 -50 400 396.364 396.364 408.183 341.974 388.751 395.283 395.669 401.179 335.631 

M1 -144 100 109.366 112.704 121.097 113.938 104.575 114.596 119.639 115.845 108.782 

M1 -100 200 196.876 200.165 213.674 183.378 188.683 202.408 209.930 205.443 176.095 

M1 -81 250 240.969 244.141 259.618 221.778 231.604 246.705 255.197 250.543 213.646 

M1 -62 300 287.9012 290.922 308.074 261.628 277.754 293.913 303.204 298.376 252.926 

M1 -24 400 388.141 390.785 410.215 344.149 377.614 395.067 405.544 400.575 335.319 

M1 12 500 488.759 490.998 511.152 423.057 479.347 497.019 507.809 503.065 415.368 

M1 47 600 590.493 592.329 611.863 498.134 583.348 600.219 610.663 606.369 492.51 

M1 76 700 676.84 678.347 696.464 557.38 672.094 687.641 697.380 693.441 553.872 

M1 102 800 754.448 755.668 771.843 762.548 752.025 765.84 774.551 771.114 603.359 

AAPE 3.76 2.85 4.675 11.8 5.03 3.41 3.4 2.9 14.37 

B=Binary, T=ternary and M=Multicomponent 

 

 

Table (11) – Comparison of Experimental and Calculated Bubble Point Pressure by SRK and PR Eos 

for Volatile Oil Samples 

Sample 

No 

Temperature 
º
 F 

Bubble Point Pressure (Psia) 

Exp
(6)

 
PR SRK 

Cal (1) Cal (2) Cal (3) Cal (1) Cal(2) Cal(3) Cal(4) 

1 210 4452 4082.365 4135.293 4598.849 3958.64 4018.98 3977.95 4484.99 

2 264 4900 3731.529 3735.498 4161.018 3643.717 3667.426 3660.7 4092.07 

3 210 4300 3587.515 3589.398 3995.562 3505.4 3532.3 3525.31 3929.77 

4 210 3982 3934.522 3978.944 4465.389 3828.87 3878.909 3843.83 4374.66 

5 12 3556 3835.185 3873.514 4401.388 3739.002 3782.36 3751.32 4323.84 

AAPE 11.55 11.28 12.27 12.83 12.33 12..58 11.45 

 

experimental pressures for black oils using the fourth set and these results give AAPE (6.55), which is 

less than that of volatile oils (11.45) themselves. This behavior may be explained as a result for using 

the fourth set which is the single set that considered binary interaction parameter between C7+ and the 

other components and since black oils contain large amounts of C7+, this will have large effect on any 

equation involved binary interaction parameter. From the above discussion, one can conclude that the 

selection of the suitable Eos for certain fluids should not be based only on one property, and PR Eos 

predicts bubble point pressure of black oils with very good accuracies.  

     Also Table (12) shows the calculated bubble point pressures for these ten black oil samples using 

SRK Eos which with Gao equation (set (3)) for binary interaction parameter gives very good 
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agreement with the experimental data as with PR Eos. First and second sets give results for Pb deviated 

substantially from experimental data where AAPE was 17.3 and 17.2 respectively as shown in Table 

(12), but these two sets give errors less than those of PR Eos with first three sets of Kij. 

     From these entire comparisons one can note that for binary, ternary, and multicomponent mixtures 

PR Eos with Gao equation and SRK with second set approximately gave the same AAPE, which was 

2.905 and 2.85 respectively. This point is also true for volatile oil samples (AAPE of 11.45 and 11.28). 

For black both equations of state with Gao equation also approximately gave the same error of 6.627 

and 6.445 respectively. Therefore, a conclusion can be made which state that any equation of state 

utilizing in this study can be used for calculation of Pb for any hydrocarbon mixture (binary, ternary, 

multicomponent, volatile oil, and black oil) by considering the recommended binary interaction 

parameter sets. Table (13) shows the recommended binary interaction parameter set for each Eos. 

 

Table (12) – Comparison of Experimental and Calculated Bubble Point Pressure  

by PR and SRK Eos for Black Oil Samples 

Sample 

No 

Temp 
º
 F 

Bubble Point Pressure (Psia) 

Exp 
PR SRK 

Cal (1) Cal (2) Cal (3) Cal (4) Cal (1) Cal (2) Cal (3) 

1 200 2890 2281.78 2339.95 2290.67 2857 2372.43 2372.43 2867.19 

2 234 2623 1982.64 1987.41 1985.98 2370.13 2012.513 2011.907 2374.352 

3 232 1970 1639.58 1643.88 1642.52 1926.01 1657.502 1657.797 1947.195 

4 210 2010 1522.464 1528.889 1527.392 1781.386 1543.564 1543.679 1784.026 

5 210 2800 2177.226 2188.741 2185.468 2549.884 2208.326 2208.409 2531.288 

6 210 2340 1854.604 1862.647 1860.652 2171.845 1878.55 1878.643 2174.239 

7 140 2247 1962.11 1977.51 1973.37 2432.11 2000.919 1991.83 2445.491 

7 176 2403 2175.52 2188.56 2185.04 2627 2190.789 2210.352 2619.088 

7 210 2643 2353.942 2364.788 2361.789 2797.797 2385.264 2384.676 2799.373 

8 220 2620 2163.550 2180.62 2177.052 2495.311 2185.974 2186.631 2491.662 

9 205 2420 1700.16 1708.69 1706.54 1995.07 1724.013 1724.237 1998.347 

10 210 2375 1999.502 2011.625 2008.47 2312.75 1717.198 1720.13 2033.629 

10 176 2218 1855.01 1868.71 1865.17 2181.33 1887.346 1889.512 2192.608 

10 140 2062 1680.21 1695.51 1691.61 2015.46 2027.491 2029.087 2318.432 

AAPE 18.601 18.030 18.262 6.627 17.307 17.254 6.445 

      
 

Table (13) – Recommended Sets of Kij for Calculation of  

Bubble Point Pressure By PR and SRK Eos. 

 

Sample Type PR SRK 

Binary, Ternary, and 

Multicomponent 

Set (4) Set (2) 

Volatile Oil Set (4) Set (2) 

Black Oil Set (4) Set (4) 
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CONCLUSIONS 

     Four sets of binary interaction parameter have been used with PR Eos and two with SRK Eos in this 

study, which indicated that the value of the binary interaction parameter has obvious effect on 

predicting of different properties especially P-V-T properties of the hydrocarbon mixtures. Also we 

proposed that the last set of binary interaction parameter, which represented by Gao equation, might be 

used with SRK Eos as a third set. 

     Peng- Robinson equation of state with the last three sets of the binary interaction parameter and 

Soave-Redlich-Kwong equation of state with the last set predict accurately different properties of 

interested fluids and the last set (Gao equation) for both equations is the better one and it give the 

minimum errors for large number of the calculated properties. 

     Using the fourth set of binary interaction parameter, Peng-Robinson equation of state predict bubble 

point pressure of black oils with very good accuracy, so it can be used with this type of reservoir 

fluids. Therefore, the selection of suitable equation of state for certain fluids should be not based only 

on one property. For certain hydrocarbon mixtures (may be binary, ternary, multicomponent, volatile 

oil, and black oil) both equations of state predict bubble point pressure approximately with the same 

accuracies using the recommended values for binary interaction parameter, so there are no limitations 

in use this equation only for certain fluids and other one for other fluids. 
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Nomenclature 

List of Symbols: 

AAPE                Average absolute percentage error. 

a, b                    Equation of state constants. 

Cp                       Isobaric heat capacity Btu/Ib-mole. R
°.
 

Cv                       Isochoric heat capacity Btu/Ib-mole. R
°.
. 

Eos                    Equation of state. 

K                       Equilibrium ratio. 

Kij                      Binary interaction parameter. 

m                        Parameter in Eos . 

Mw                     Molecular weight Ib/Ib-mole. 

N                       Number of data points. 

Nc                      Number of components in the mixture. 

P                        Pressure, Psia 

Pb                       Bubble point pressure Psia. 

Pd                       Dew point pressure Psia. 

Pr                                Reduced pressure. 

R                        Universal gas constant 10.732 Psia.ft
3
/Ib-mole.

 ° 
R. 

Rd                      Relative deviation. 

S                        Entropy Btu/Ib-mole R
°
. 

Sp.gr                 Specific gravity. 

T                       Temperature F
° 

TB                      Boiling point temperature, 
°
 R. 

ν                        Vapor mole per 1 mole of feed. 

Vm                      Molar volume ft
3
/Ib-mole. 

Uf                     Sonic velocity, ft/sec. 

X                       Liquid mole fraction. 

Y                       Vapor mole fraction. 

Z                       Compressibility factor.  

Zi                      Mole fraction of component i in the feed. 

Greek Letters: 

                    Acentric Factor 

g                  Gas specific gravity, (air = 1.0) 

                 Fugacity coefficient. 

                   Density of the Fluids, Ibm/ft
3
. 

                    Adiabatic Joule-Thomson Coefficient, 
º 
R/psia. 

                    Isothermal Joule-Thomson Coefficient, 
º 
R/psia. 

Superscripts: 

L                Liquid 

   V               Vapor 

   *                Ideal gas state property.      
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Subscripts: 

c              Critical Property. 

  r               Reduced property. 

APPENDIX (A): Hydrocarbon Samples Compositions 

Table A.1- Mole Compositions of Hydrocarbon Samples Binary, Ternary, and Multicomponent 

Mixtures Volatile Oils 

V5 V4 V3 V2 V1 M1 T2 T1 B7 B5 B4 B3 B2 B1
 

Sample 

No 

Mole Percent 

0.149 - 0.2 0.135 0.122 0.20 - 26.347 - - - - - - N2 

3.092 1.6 0.45 2.991 2.955 0.05 - - - - - - - - C0o2 

9.88 0.15 0.08 9.799 9.872 - - - - - - - - - H2S 

60.75 54.87 55.48 58.28 55.236 23.16 27.70 71.358 94.8 - - - - - C1 

6.167 10.18 11.83 6.005 5.989 0.050 52.30 2.295 - 94.72 82.18 65.77 45.10 17.49 C2 

2.201 5.23 5.77 2.091 2.139 76.53 20.00 - 5.02 - - - - - C3 

0.273 1.08 0.88 0.235 0.248 - - - - - - - - - i-C4 

0.744 3.06 3.65 0.688 0.673 0.110 - - - 5.28 17.82 34.23 54.90 82.51 n-C4 

0.23 1.22 1.2 0.205 0.198  - - - - - - - - i-C5 

0.283 1.42 138 0.25 0.237 - - - - - - - - - n-C5 

0.316 - - 0.245 0.216 - - - - - - - - - C6 

- - - - - - - - - - - - - - C7 

- - - - - - - - - - - - - - C8 

- - - - - - - - - - - - - - C9 

15.92 21.03 18.88 19.06 22.12 - - - - - - - - - Plus 

Fraction 

100 100 100 100 100 100 100 100 100 100 100 100 100 100 Total 

0.822 0.84 0.828 0.824 0.8404 - - - - - - - - - Sp.gr of 

Cn 

150 163 156 154 158 - - - - - - - - - Mw of 

Cn 

 
 

 

Table A.2- Mole Compositions and Properties of Plus Fraction of Black Oils Samples
 
 

 
11 10 9 8 7 6 5 4 3 2 1 Sample No 

Mole Percent Components 

1.31 1.66 0.67 0.91 1.66 1.22 1.32 0.70 0.01 0.47 - N2 

1.31 1.29 0.44 0.16 1.29 0.71 0.42 0.39 0.79 0.35 - Co2 

- - - - - - - - 0.43 - - H2S 

31.62 36.53 28.77 36.47 36.53 30.55 34.64 25.61 25.89 29.99 42.41 C1 

9.52 10.49 9.22 9.67 10.49 8.86 10.46 8.95 11.49 11.44 5.33 C2 

7.76 7.15 7.47 6.95 7.15 7.22 6.16 7.65 6.98 6.36 4.67 C3 

1.54 0.94 1.68 1.44 0.94 1.33 1.81 1.49 1.53 1.12 1.55 i-C4 

2.74 5.36 4.36 3.93 5.36 4.22 4.56 4.48 4.07 4.07 2.02 n-C4 

1.33 1.63 1.68 1.44 1.63 1.39 1.60 1.53 2.08 1.70 0.92 i-C5 

2.79 2.26 2.59 1.41 2.26 2.30 1.83 2.42 2.55 1.93 0.86 n-C5 

- - - 4.33 - - - - - - 3.13 C6 

- - - - - - - - - - - C7 

- - - - - - - - - - - C8 

- - - - - - - - - - - C9 

40.07 32.69 43.10 33.29 32.69 42.20 37.54 46.78 44.03 42.60 39.11 Plus 

Fraction 

100 100 100 100 100 100 100 100 100 100 100 Total 

0.8655 0.8739 0.8890 0.8515 0.8739 0.8769 0.8730 0.8947 0.9304 0.9314 0.895 Sp.gr of Cn 

191 250 222.48 218 250 225.4 210 227.64 286.16 266.2 267 Mw of Cn 
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Dr. Imad A. Hussain Prof. Dr. Muhsin J. Jweeg Dr. Muhsin N. Hamza 

Al-Nahrain University Al-Nahrain University University of Technology 

   

 

ABSTRACT 

In this paper the boundary elements method is used as numerical techniques for solving elastomeric 

materials (rubber or rubber-like materials) under small and large strains analysis. Under small 

deformations, the formulations are based on assuming that the elastomer is linear elastic isotropic 

incompressible solid. While for the large deformation, the formulation is based on decomposing the 

1
st
 Piola-Kirchhoff stresses into linear and nonlinear parts. Thereafter, the final derived equations 

are composed of both boundary integral and non-linear domain integrals.  The non-linear analyses 

were performed using an incremental procedure with an iterative algorithm.  

Solving some numerical examples and comparing the results with that obtained from some 

available results and ANSYS 10.0 showed that the boundary elements method is a good numerical 

technique for solving incompressible elastomeric materials. And the formulation used for the 

boundary elements derivations for large strain analysis gave satisfactory results as compared with 

that of ANSYS ver. 10.0. 

 الخلاصــة
تم استخدام ىذة الطريقة لحل مسائل الدواد . العددية اعتمدت على استخدام طريقة العناصر الحدودية التحقيقات

اعتمد الاشتقاق الرياضي في التشوىات الصغيرة لذذا النوع من الدواد . الدطاطية عند التشوىات الصغيرة والتشوىات الكبيرة
بينما اعتمد الاشتقاق . ت خواص متسقة الاتجاىات، خطية، مرنة، ولاانضغاطيةبافتراض ان ىذه الدواد ىي مواد ذا

كرشوف الاولى الى جزء خطي -الرياضي تحت التشوىات الكبيرة على اساس فصل الاجهادات الكلية او اجهادات بايلا
تم الحصول على . نيةبناءا عليو، فان الدعادلات النهائية احتوت على تكاملات محيطية وتكاملات ميدا. وجزء لاخطي

اثبتت ، الحلول في الجزء اللاخطي بالاعتماد على اسلوب عددي يحوي على اجراءات تزايدية للحمل مع خوارزمية تكرارية
الدقارنات عند حل بعض الدسائل العددية ان طريقة العناصر الحدودية اكثر ملائمة من الطرق الاخرى لحل الدسائل 

كذلك اثبت ان الاشتاق الخاص بالتشوىات الكبيرة للعناصر الحدودية صحيح واعطى . الخاصة بالدواد اللاانضغاطية
 .ANSYSنتائج مرضية عند مقارنتو مع طرائق العناصر المحددة مثل  الـ 
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KEYWORD: rubber or rubber-like, elastomers,  BEM,  incompressible materials, large 

strain, hyperelastic 

 

INTRODUCTION  

Successful analysis of elastomers (rubber or rubber-like materials) requires robust numerical 

methods and representative material models applicable to small/large strains and multiple 

deformation modes. Although the mathematical foundation of strain energy density function has 

been studied by many researchers, the application to engineering problems is not straightforward.  

Two major challenges are encountered in the numerical analysis of rubber materials. The first is 

due to the material incompressibility of rubber. The material incompressibility leads to a locking 

difficulty when using the conventional finite element method. The finite element prediction is often 

much stiffer (locking) than analytical solution or experimental data resulting from the imposition of 

"constant volume constraint" in the numerical formulation. Locking usually accompanies with 

pressure oscillation that completely corrupts the numerical stress solution, Herrmann 1985. The 

second difficulty is the mesh distortion caused by the large deformation nature in many elastomeric 

applications. Therefore it is necessary to search for other numerical techniques that may help in 

getting improved numerical analysis. In this work the boundary elements method has been chosen 

as numerical technique for solving elastomeric problems.  

The boundary elements method is relatively a new technique and successfully applied to many 

engineering problems. The most remarkable feature of these methods are that instead of attempting 

to find an approximate solution for the governing differential equations throughout the relevant 

solution domain, as in the domain methods, the equations are converted into an integral form, often 

involving only integrals over the boundary of the domain, consequently, only the boundary has to 

be discretised in order to carry out the integration. Although these methods successfully applied to 

many engineering problems have had limited application with elastomers, Polyzos 1998. 

The lack of inaccurate results of the conventional finite element method is due to Poisson‟s ratio 

values in elastomers, which ranges between 0.499 and 0.5. The elements used in FEA need to be 

reformulated to accommodate this high value of Poisson's ratio. This is usually accomplished by 

utilizing an approach developed by Herrmann 1985, by introducing a new variational principle that 

includes another degree of freedom called the “mean pressure function.” When using the boundary 

elements method there is no such restriction and the method can handle elastomeric materials or 

generally incompressible materials accurately.  

When managing elastomeric components using the boundary elements method, or any 

numerical technique, two major decisions will present themselves: 

 Is a nonlinear analysis required, or will a linear analysis suffice? 

 What material properties will be used? 

These two decisions are interrelated, and the answer depends on what application the elastomeric 

components are designed for. 

Keeping this in mind, therefore, one has to adopt either linear or non-linear analyses. As a 

result, in the present work, the boundary elements method is applied to elastomers by considering 

both small and large deformations. For small deformation the formulation is considered by 

assuming that the elastomers are linear elastic isotropic axisymmetric solids. The derivations lead to 
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Boundary Element 

3-Node Element 

Radial Plane 

a fact that only the boundary of the region being investigated has to be discretised. In large, or 

finite, deformation elastomers are considered to be hyperelastic solids, and nonlinear boundary 

elements method has been used. The derivations of the boundary integral equations were done by 

splitting the first Piola-Kirchoff stresses or total stresses into linear and non-linear components. 

Thereafter, the final derived equations are composed of both boundary integral and non-linear 

domain integration terms, consequently, both the boundary and the domain of the problem are 

discretised.   

SMALL DEFORMATION BEM 

In this section rubber components are considered under small deformations or small strains. A good 

approximation for the corresponding stresses is given by conventional elastic analysis, assuming 

simple linear stress-strain relationships, because, like all solids, rudder behaves as a linearly elastic 

substance at relatively small strains, Gent 2001. When applying the boundary elements technique to 

an axisymmetric elastomeric solid under axisymmetric loading and by taking the advantage of 

symmetry, the original three-dimensional problem will be reduced to a two-dimensional one. 

Therefore, it is only required to discretise the boundary of the radial plane, as shown in Fig. 1.  

The boundary integral equation, BIE, can be obtained using weighted residual technique. Now, 

consider that one desire to minimize the error involved in the numerical approximation of the 

governing equations of axisymmetric solid; 
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Which usually have to satisfy the essential and the natural boundary conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Discretisation of axisymmetric solid using BEM; 

(a) original 3D problem, (b) radial plane BEM mesh 

Minimizing the above equations by displacement type functions u* and v* using weighted 

residual technique as; 

                          (a)                                             (b) 
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where dzdrrd    2 , carrying out the integration by parts for each term separately leads to 
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Further simplifications and rearranging, gives  
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   (3) 

Define  

  *****  , , , rzzr  ε     and    rzzr    , , ,σ  (4) 

This leads to 




 0  )(  )+(  ) + ( *****

z

*

r

*

z

* dzdrrvudzdrrdrvtut zrrzrzzrr     

or in a vectorial form 




 0  )(     ) + ( ****

z

* dzdrrvudzdrrdrvtut zr

T

r σε  (5) 

For linear elastic solids, εDεσε  = ** TT , and since D is a symmetric matrix, therefore D=D
T

, 

subsequently 

      * * *T T T T =   D  

Substitute above into equation (5), leads to 




 0  )(  )(  ) + ( *******

z

* dzdrrvudzdrrdrvtut zrrzrzzrrr     (6) 
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The first domain integral of the above equation can further be simplified by integrating  by parts 

getting the following equation: 
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 (7) 

Eq. (7)   represents   the   inverse  wieghted  residual  expression, which can be used to obtain 

the boundary integral equation. Considering now a ring source load  j

i

j e  applied at a point 

),( ii zri  in an infinte domain, in the direction of the unit vector je , where j=r , z, i.e.  

 

0

0

***

****
























z

irzzrz

r

irrzr

rzr

rzr

e

e



 

  (8) 

where i refer to the point at which the load is applied, 
i  is the Dirac delta function, which is define 

as, Kyuichiro Washizo 1975;  

 
 
 





pointother any at  0 

 ipoint at singular 
i   (9) 

and i  has the following property:
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Substiute eq. (8) into eq. (7) one  get  
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Figure 2: Domain of axisymmetric solid. 

Consider each direction independently, the displacement at any point in the infinite domain is;   

 
zzzrrz

zzrrrr

UUv

UUu

ee

ee





*

*

  (12)  

e er z,  is the components  of  the  ring  loads at  point  p  in r and z direction, respectively, as shown 

in Fig. 2. zrrzrr UUU  , ,  and zzU   are displacement  kernel functions. The first subscript refers to 

the direction of the displacement at the boundary point Q (feild point), while the second refers to 

the direction of the ring load at point p (source point) causing the displacement at Q. 

Similarly, the traction vector components at Q can be expressed as:    

 

zzzrrzz

zzrrrrr

TTt

TTt

ee

ee





*

*

  (13) 

where zrrzrr TTT  , ,  and zzT   are the traction kernels.  

Substitute eq. (12) and eq. (13) into eq. (11), gives 
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Since re  and ze  are independent on each other, then eq. (14) can be split as: 
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 0        +    + z dUUdudrvTuTdrUtUt rzzrrr

i

rzrrrzrrr   (15) 

and  

     


 0       +    + z dUUdvdrvTuTdrUtUt zzzzrr

i

zzzrzzzrr   (16) 

When the source point is at an interior point „p’ then equations (15) and (16) lead to 

Somiglianna‟s identity, Rizzo and Shippy 1986, defined as: 
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and  
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 (18) 

The above equations give the displacement components at an interior point p. To find the final 

boundary integral equation, each term in equations (17) and (18) is taken to the limits as the interior 

point p approach the boundary point P, i.e. p P. Therefore, these integral equations have now a 

singularity and the integral on  is defined only in the sense of the Cauchy principal value, Rizzo 

and Shippy 1986, and Brebbia 1989, resulting the following:   
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or in a matrix form 
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 (21) 

where zrrzrr CCC  , ,  and zzC  can be determined from the nature of the boundary geometry at “P”, 

and the value of Cij (i,j=r, z) equal unity at interior point and 2/ijijC  , ( ij  is the Krönecker 

delta), when the boundary at P is smooth, i.e. have unique tangent at P, but can be expressed 

generally using rigid body motion, Nouri and Husain 2000.   
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 LARGE DEFORMATION BEM  

The large deformation BEM derivation, also, will starts from minimizing the error involved in the 

numerical approximation of the governing differential equations of axisymmetric solid; 
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wherer and z are the radial and axial body forces, the stresses in eq. (22) is the first Piola-

Kirchoff stresses or total stresses and can be split into linear and non-linear components as follows: 

 l

ij

nl

ijij    (23) 

where the superscript nl refers to non-linear component and the superscript l refer to the linear one. 

Therefore, equations (22) can now be rewritten as follows:  
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Minimizing equations. (24) by displacement type functions u* and v* as: 
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Using integration by parts and rearranging gives:  
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where: 
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Substitute the above expressions, into equation (26) gives; 
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Neglecting the body forces, i.e. 0 zr  , eq. (27) can be writtin in vectorial form as: 
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For the linear l
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Therefore, eq. (28) can be written as: 
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The first domain integral of the above equation can further simplified by integrating  by parts, and 

equation (29) will be as follows:   
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Eq. (30)   represents   the   inverse  wieghted  residual  expression. Considering a ring source 

load  m

i

m e  applied at a point ),( ii zri  in an infinte domain, in the direction of the unit vector 

me , where m=r, z, i.e.  

 
0

 

 

 

 

0
 

 

 

 

***

****








z

irzzrz

r

irrzr

rzr

rzr

e

e



















 

  (31) 

where i refers to the point at which the load is applied, i  is the Dirac delta function. 

Therefore eq. (30) will be  
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From the property of Dirac delta function, eq. (10), eq. (32) gives the nonlinear boundary 

integral equations of axisymmetric elastomeric solids sustaining large or hyperelastic deformation: 
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The domain integral of equation (33) represnts the non-linear part of this equation. This domain 

integral is defined as:  
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Integrating by parts and rearranging  
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Subsititute eq. (34) into eq. (33) gives: 
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Noting that: 
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Then, eq. (35) gives: 
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Similarly, as performed in the small deformation derivations,  
*u and 

*v , considering each 

direction independently, may be written as:  

zzzrrzzzrrrr UUvUUu eeee  **     and   , .  

similarly, the traction vector components at the field point Q can be expressed as;    

.   and   , **

zzzrrzzzzrrrrr TTtTTt eeee   

 Substitute the above equations into eq. (36), and simplified the final boundary integral equation 

will be given in a matrix form as; 
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   (37) 

Equation (37) represents the final boundary integral equation for the large strain elastomeric 

materials. The boundary integral terms can be evaluated numerically by descretising the boundary 

of the problem. Whereas, the domain integral terms required the domain to be descretised in similar 

manner as usually used in the finite element techniques. 

BOUNDARY  ELEMENT  FORMULATION 

Small Deformation BE Formulation  

In small deformation analysis, the problem is considered to be for linear elastic axisymmetric 

solids. Therefore as stated previously only the boundary of the radial plane has to be discretised. In 

order to solve the integral equations numerically the boundary, , of the domain, eq. (21) will be 

discretized into a number of boundary elements over which the displacements and traction are 

written in terms of nodal points, and the numerical integration performed over each elements and 

added together.  
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Figure 3: Discretisation of the boundary of linear axisymmetric solid into MB quadratic 

element. 

After discretising the boundary into MB elements, eq. (21) may be rewritten, in the absence of 

body forces, as: 
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In a matrix form 
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or in terms of the shape functions as:  
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And F is the shape function matrix. 
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LARGE DEFORMATION BE FORMULATION  

In this section elastomeric problem with large deformation is considered. It is noted that eq. (37) 

contains both boundary integral terms and domain integral terms. The boundary integral terms 

require the discretisation of the boundary in order to evaluate it. Thus, the boundary of the problem 

is discretised into boundary elements. The domain terms require the domain to be subdivided into 

cells or elements to evaluate the integrals. In this work the domain of the problem is discretised 

using 8-nodes isoparametric elements.  

 

Figure 4: Discretisation of the boundary into MB quadratic element, and the domain into MD  8-

node element. 

To evaluate eq. (37) numerically, it is required that the boundary „‟ of the domain, and the 

domain of the problem to be discretised into boundary elements and domain cells, repectively. The 

boundary and the domain discretisation are shown in Fig. 4.  

After discretising the boundary into MB elements and the domain into MD elements, equation 

(37) can be rewritten in a discretised form as: 
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or in terms of the shape function matrices as; 
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Solution Algorithm 

Eq. (42) may be written as  
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Therefore, eq. (43) will be written as: 
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And the global system of equations is written as, 

 D tGuH    (45) 

Applying the boundary condition and rearranging the columns in H and G matrix, eq. 45 can be 

rewritten as: 

 DYXA =  (46) 

It can be seen that the boundary integral equations involves a non-linear term, which is a function of 

the displacement derivatives and the hydrostatic pressure. With the above equations it is possible to 

formulate the iterative solution procedure for non-linear boundary element analysis as follows. 

From eq. (45) it can be seen that non-linear terms are involved which are a function of the 

displacement derivatives and hydrostatic pressure. The dependence of this term on the hydrostatic 

pressure and the displacement derivatives stems from the term's involvement of the first Piola-

Kirchhoff stress (total stress) in its derivative. These non-linear terms can be seen to augment the 

force/traction vector Y in eq. (46), the reduced system of equations after prescribed boundary 

conditions have been applied. Thus a solution to eq. (46) must involve an iterative solution 

procedure. 

As with most iterative solution procedures the first step is to solve the equivalent linear problem 

to obtain an initial estimate of the solution. This involves solving eq. (46) but ignoring the domain 

term with the non-linear stresses i.e. 0D . The solution vector to this equation can then be used to 

evaluate the displacement derivatives and hydrostatic pressures to use in the full non-linear 

boundary integral equations including the non-linear term. 

Evidently this first solution vector, and subsequent solution vectors before convergence, will not 

fully satisfy the full non-linear set of boundary integral equations and a residual or error value will 

result if the solution vector is substituted back into eq. (46). This residual can be reduced if a new 
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set of hydrostatic pressures and stresses are calculated based on the previous iteration results. These 

values can then be used to compute new non-linear domain terms to augment the standard linear 

BIE force vector. The solution to this set of equations will result in an improved vector of total 

nodal displacements and tractions. The difference between the new solution vector and the old one 

gives the iterative improvement in the solution vector. This process is repeated until the ratio of the 

square of the solution vector increment over the square of the total solution vector results in a value 

less than a given permissible, as depicted in Fig. 5a. 

Incremental Modification to the Solution Algorithm 

In the preceding section the basic iterative solution procedure was explained. It is the case that for 

non-linear problems the only way to achieve convergence of the iterative process for most load 

cases is to break the applied load down into load increments. This is certainly the only way to 

achieve convergence for the type of non-linear hyperelastic stress, Bayliss 2004. Therefore it is 

essential to develop an incremental version of the basic iterative solution algorithm. This can be 

achieved with the following algorithm shown in Fig. 5b.  

As is usual for most non-linear numerical algorithms the first iteration of the first increment is 

the solution of the equivalent linear problem. The next part of the algorithm is as discussed in the 

preceding section where by the previous solution vector (tractions and displacements) is used to 

evaluate the displacement derivatives, and therefore, to enable the non-linear stresses to be found so 

as to compute the nonlinear domain terms in the system of boundary integral equations.  

The significant difference however with the incremental algorithm is that for each iteration the 

'old' and 'new' values of the solution vector and the non-linear stresses (at each domain Gauss point 

and at each source point) are stored. Therefore the total solution vector is formed from the total 

cumulative sum of the change in displacements and tractions at each iteration of each increment. 

The change in non-linear stress, or the difference between the current and previous iteration values, 

is used in the non-linear domain term. This means that for each increment the non-linear domain 

term reduces for each iteration until convergence occurs. Therefore this algorithm is pseudo 

incremental because at each iteration of every increment the system of boundary integral equations 

are still solved for the total displacements and tractions, Bayliss 2004 and  Burn et. al. 2003. 

Because the geometry is always changing as the displacements become large due increments of 

larger loads, therefore some additional steps are required. Because the boundary integral derivations 

are based on 1
st
 Piola-Kirchhoff stress values the prescribed tractions (surface stresses) need to be 

converted to 1
st
 Piola-Kirchhoff  values, which will start to differ from nominal values as the strain 

increases. 
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Start

End

Start with linear case as a first approximation

AXn=Y

Compute the hydrostatic pressure base on Xn

Calculate displacements from equation (4.108) for n+1 base on  

D (un, pn)

D (un+1, pn+1)

AXn+1=Y+D (un+1, pn+1)

Error ≤ Permissible

Yes

No

Xn=Xn+1-Xn

 

Start

End

Start with linear case as a first approximation
AXn=Y

Store Xn-1

Calculate D n-1 and solve  equation (4.108) to get Xn

From Xn evaluate un, D n and X=Xn-Xn-1

Xtotal=Xtotal+X

Error ≤ Permissible

Yes

NoStore Xn

Compute n and n using un, D n, and n-1

Increment 

Loop

 

(a) (b) 

 

Figure 5: (a) Iterative solution procedure for non-linear boundary integral equations;  

 (b) Incremental modification to iterative solution procedure. 

SMALL DEFORMATION OF INCOMPRESSIBLE MATERIALS 

Compression of Bonded Rubber Block  

In this example the deformation due to compression of bonded thin rubber block, which is widely 

used as spring, is studied. The rubber block, as shown in Fig. 6, is bonded on its major surfaces to 

rigid plates. Gent and Lindley, 1959, assumed that the deformation takes place in two stages: a pure 

homogeneous compression of amount e, requiring a uniform compressive stress =3Ge, i.e. =0.5, 

and a shear deformation restoring points in the planes of the bonded surfaces to their original 

positions in these planes.  

The material is completely incompressible with a Poisson‟s ratio of 0.5 exactly. The numerical 

values are chosen to be: e=10%h, (a/h)=4.5, =0.5, and E=23 N/mm
2
. The problem is solved by 

boundary element method of the present work and compared with the finite element  software 

ANSYS Release 10.0. The boundary of the problem is discretised with 22 quadratic 3-node 

boundary elements with total number of nodes of 45. The Poisson‟s ratio is chosen of 0.5 exactly. 

While for the ANSYS the Poisson‟s ratio has to be approximated as close as 0.5. Firstly, the value 

is chosen as 0.49 and, secondly as 0.49999 with element type 183 of 8-node, the problem is solved 

as axisymmetric solid with mixed u/p (displacement/pressure). In ANSYS the Poisson‟s ratio has to 

be approximated as 0.49+, exact value of 0.5 is not allowed.   
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Figure 6: Compression of bonded rubber block 

The results from the boundary element methods of the present work are compared with that of 

the analytical solution of Gent and Lindley 1959, as shown in Fig. 7. On the same graph the finite 

element results from ANSYS are plotted with Poisson‟s ratio of 0.49 and 0.49999. From this graph 

it is shown that the boundary element results are in good agreement with that of analytical solution. 

While for ANSYS the results are very sensitive to the chosen value of Poisson‟s ratio. For ANSYS 

selecting Poisson‟s ratio value close to 0.5 gives us better results.  
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Figure 7: Axial stress for bonded rubber block 

AXISYMMETRIC PRESSURE VESSEL  

In this example an epoxy flat-headed pressure vessel subjected to internal pressure of 2.61 psi of a 

dimension shown in Fig. 8, is considered. Floyd, 1984,  analyzed this vessel using experimental and 

theoretical analysis. The experimental Floyd‟s pressure vessel was made of epoxy resin, which is an 

almost incompressible material (=0.5), the experimental analysis was performed using photo-

elastic model and all the stresses are computed along the line BE, as shown in Fig. 8. 

The problem is solved numerically using boundary elements method of the present work, and 

compared with finite element solution using ANSYS 10.0. The boundary elements mesh used is of 

38 of 3-node quadratic elements. The boundary conditions are as follows: The material originally 

on the axis of rotation was constrained to remain on the center line (i.e. u=0) and the material of 

vessel along CD is constrained to move only in horizontal direction (i.e. v=0). These boundary 

conditions properly reflect the symmetry of the problem. 

The stress results from boundary elements solution of the present work are compared with 

corresponding values obtained from and ANSYS 10.0, and these results are compared with Floyd‟s 

F 

F 

Rigid Plates 

Rubber Block 
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experimental (photo-elastic) results obtained by at the inner and outer surface of a line of interest 

(BE), as shown in the following table. 

 
Figure 8: Axisymmetric pressure vessel geometry. (a) Schematic drawing. (b) Dimensions  

Principal Stresses 
Floyd 1984 

Experimental 

BEM 

Present Work 

ANSYS 10.0 

=0.49 

ANSYS 10.0 

=0.49999 

3 
Inner surface 2130 2101 2344 2398 

Outer surface -1000 -990 -1022 -1029 

2 
Inner surface -138 -203 299 291 

Outer surface -1517 -1476 -1356 -1348 

1 
Inner surface 5310 5320 5308 5291 

Outer surface 0 0 -15 -13 

The analysis using ANSYS required refined mesh near the fillet to produce results of sufficient 

accuracy. While for the boundary elements method it is only requires very simple data input with 

small number of elements to attain accurate results. It is seen from the above table that the results 

from the boundary elements method of the present work gives accurate results compared with the 

experimental analysis. And these results are better than ANSYS results with comparatively very 

little total number of nodes.  The Poisson‟s ratio used in the boundary element data input is 0.5 

exactly, while in the finite element, i.e. ANSYS, it has to be approximated as 0.49+, in the same 

table the results is given for the finite element with 0.49 as a first case and 0.49999 as a second 

case. It is seen from these results that the chosen value of the approximated Poisson‟s ratio affect 

the results significantly and the results are not converged as increasing the value from 0.49 to as 

close value as near 0.5, and the question arises if there is a specific value of approximated Poisson‟s 

ratio that gives better results?  
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LARGE DEFORMATION ANALYSIS 

Large Deformation of Rubber Cylinder 

In this example a rubber thick cylinder of a finite length subjected to internal pressure is studied, the 

cylinder is considered as an axisymmetric hyperelastic solid and solved via finite and boundary 

element methods.  

Shi Shouxia and Yang Jialing 1999 studied an infinite rubber cylinder subjected to internal 

pressure, the analyses type used was by considering two dimensional plane strain finite 

deformation. They solved the problem using Yeoh‟s hyperelastic constitutive model.  

The dimensions and geometry of the rubber cylinder, shown in Fig. 9, are chosen to coincide 

with that of Shi Shouxia and Yang Jialing 1999. Therefore, the inner radius, Ri, is 70 mm; and 

Ro=186 mm and, contrarily, the length is chosen to be of finite length, viz. L=500 mm. The cylinder 

is subjected to internal pressure P.  

 
Figure 9: Dimensions and geometry of rubber cylinder 

The problem was solved by using both the boundary elements method of the present work, 

which based on Mooney-Rivlin hyperelastic constitutive model. And using finite element methods 

via ANSYS 10.0. The material properties are assumed to be of Treloar, 1975, experimental data, 

and the stretch ratio is limited to 3. The material coefficients are calculated as: c10=1.37890 and 

c01=0.324855.  

The results of the radial displacement is plotted agianst radial distance, as shown in Fig. 10, for 

both boundary elements and finite element using ANSYS.  It is seen from the figure that the 

boundary element results is in good agreement with that of ANSYS especially when the pressure 

value is low, and as the value of the pressure increases the difference between the results of the 

boundary and finite element is slightly increases. And for internal pressure value of 3 MPa, the 

radial displacement is near 125 mm which gives a stretch ratio of approximately 2 in hoop, 

therefore the results of the constructed boundary elements program gives satisfactory values for 

both small and large deformations as compared with ANSYS.  

L 

Ri 
Ro 

P 
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Figure 10: Radial displacement vs radial distance for rubber cylinder subjected to different values 

of internal pressure. 

Figure 11 shows the results of the radial and hoop stresses along the radial distance for different 

values of internal pressure for both boundary elements and finite element using ANSYS.  It is seen 

from the figure that results are in good agreement for both boundary and finite elements.  

         
Figure 11: Radial and Hoop stresses versus radial distance for rubber cylinder subjected to 

different values of internal pressure. 

Generally, for both FEM and BEM numerical results, it can be seen that good agreement of the 

results is obtained and that the expected shape of displacement and stress distribution is correct. 

Specifically, the radial stress is equal and opposite to the internal pressure on the internal radius and 

zero radial stress on the outer radius.  And the absolute value of hoop stress at all radial position is 

greater than the absolute values of the radial stresses. 
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CONCLUSIONS  

The following conclusions have been made regarding the use of the boundary elements method for 

solving elastomeric problems: 

 The boundary element method is shown to be good and useful numerical technique for 

solving problems of incompressible elastomeric materials. The numerical results are 

improved by handling singularities using some sort of transformation or redistribution 

techniques for the Gauss integration points. 

 In using this method there is no need to approximate the Poisson‟s ratio as required in 

the finite element techniques. 

 The formulation for the large strain analysis is based on decomposing the 1
st
 Piola-

Kirchhoff stress into linear and nonlinear parts. For the non-linear analysis the 

incremental procedure is used with an iterative algorithm.  

 Comparing the results with the available ones or with ANSYS 10.0 shows that this 

technique is satisfactory approximation and gives good results. 
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NOMENCLATURE 

Cij Cauchy principal value  

E  Modulus of elasticity N/m
2
 

F Shape function matrix 

G  Shear modulus  N/m
2
 

nr , nz  Direction cosines of the outward normal n̂  

t  Traction components  N/m
2
  

ijT   Traction kernel functions 

u  Displacements components m  

ijU   Displacement kernel functions 

r ,   , z   Strains in r, , z direction 

r ,   , z   Stresses in r, , z direction  N/m2 

r  Radial components of the body force 

z  Axial components of the body force 

ij   Krönecker delta 

i  Interpolation (shape) function 

   Boundary of the problem  

 Poisson's ratio  
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ABSTRACT: 

In the present work, the step by step technique is used to predict the performance of the power 

plant condenser. The procedure includes the calculation of pressure distribution, condensation 

temperature, water inlet and outlet temperature, condensation load distribution and single phase 

heat transfer sub-cooling. A quasi two dimensions model is applied, one in the tube water direction 

and the other in the vapor direction. It is applied with different operating conditions of the 

condenser such as operating pressure, air percentage mixed with steam, cooling water temperature 

and fouling factor on tube side for summer and winter seasons. 

   The present model revealed that the fouling resistance has a great effect and plays the major part 

of the decline in the condenser performance. This is because it decreases the overall heat transfer 

coefficient and condensation rate. The performance of the condenser when the cooling water enters 

at the lower pass is better than the upper pass, due to the balance in the distribution of the heat 

transfer and the condensation rate between tube passes. The model is verified with field operating 

conditions of Southern Baghdad thermal power station. It has revealed that there is a good 

agreement between the field data and the present technique. The accuracy fell within (98) % and 

(89) % for the cooling water temperature prediction for summer and winter respectively, while it 

showed accuracy of (98) % and (99) % for the condensate exit temperature prediction for summer 

and winter respectively. 

 
 خطوة للتنبؤ بأداء المكثفات المستخدمة في محطات الطاقة الحرارية  -استخدام تقنية الخطوة 

 الخلاصة 

خطٕح نهزُجؤ ثأداء انًكثفبد انًسزخذيخ فٙ انًحطبد انحشاسٚخ -ٚزضًٍ انجحث انحبنٙ رطجٛق طشٚقخ انخطٕح     

انطشٚقخ انًقزشحخ رزضًٍ حسبة رٕصٚع انضغظ ، دسخخ حشاسح انزكثٛف ، دسخخ . لإَزبج انطبقخ انكٓشثبئٛخ

خ إنٗ اَزقبل انحشاسح نهطٕس انٕاحذ نذسخخ حشاسح انذخٕل ٔانخشٔج نًبء انزجشٚذ، رٕصٚع يعذل انزكثٛف ثبلإضبف

رى رطجٛق ًَٕرج رٔ ثعذٍٚ ، أحذًْب ثبردبِ خشٚبٌ يبء انزجشٚذ ٔالأخش ثبردبِ . أقم يٍ دسخخ حشاسح انزشجع
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ظشٔف عًم يخزهفخ نهًكثف رى اعزًبدْب يثم ضغظ انزشغٛم ، انُسجخ انًئٕٚخ نهٕٓاء انًزسشة . اَسٛبة انجخبس

سح يبء انزجشٚذ عُذ انذخٕل نهًكثف ثبلإضبفخ نًعبيم الارسبخ ندبَت الأَبثٛت نفصهٙ يع انجخبس ، دسخخ حشا

 .انصٛف ٔانشزبء

نقذ ثٍٛ انًُٕرج انحبنٙ ثبٌ يقبٔيخ الارسبخ انحشاسٚخ نٓب رأثٛشاً كجٛشاً ٔرهعت دٔساً أسبسٛب ً فٙ رذْٕس أداء      

يعبيم اَزقبل انحشاسح انكهٙ ٔ يعذل ركثٛف انجخبس فٙ  إٌ ْزِ انًقبٔيخ انحشاسٚخ رؤد٘ إنٗ رقهٛم. ْزِ انًكثفبد

أداء انًكثف ٚكٌٕ أفضم عُذيب ٚذخم يبء انزجشٚذ إنٗ انًكثف فٙ انًًش انسفهٙ نكَّٕ ٚؤد٘ إنٗ رٕصٚع . انًكثف

نقذ رى انزحقق يٍ صحخ انًُٕرج . يزدبَس نًعذل انزكثٛف ٔانحًم انحشاس٘ عهٗ يًشاد يبء انزجشٚذ نهًكثف

نقذ ثُٛذ انذساسخ رٕافق خٛذ ثٍٛ . سزخذاو انظشٔف انزشغٛهٛخ نًحطخ كٓشثبء خُٕة ثغذاد انحشاسٚخانحبنٙ ثب

نذسخخ يبء  %(98)ٔ  %(89)انقشاءاد انزشغٛهٛخ ٔرهك انًحسٕثخ ثبنعًم انحبنٙ ، ٔثذسخخ دقخ رزشأذ ثٍٛ 

حشاسح ثخبس انًبء انًزكثف فٙ حٍٛ كبَذ انُزبئح نذسخخ . انزجشٚذ نكم يٍ فصم انصٛف ٔانشزبء عهٗ انزعبقت

 . نكم يٍ فصم انصٛف ٔانشزبء عهٗ انزعبقت %(88) ٔ% (89)انًحسٕثخ ثبنًُٕرج انحبنٙ رقع ضًٍ انًذٖ 
 

KEY WORDS: Iterative, Power Plants, Surface Condenser, Performance, Prediction 

 

INTRODUCTION: 

The condenser is a device in which the vapor is converted to liquid and latent heat is transferred 

to coolant. A common type of condensers is indirect contact condensers in which vapor does not 

mix with the cooling fluid, the shell and tube type is the common one and the most widely used.  

(Jacob, 1959) introduced the mean heat transfer coefficient for a vertical column of (N) 

horizontal tubes with the same temperature difference. The influence of the drag extended by the 

vapor on the condensate film was considered by (Chen, 1961), and (Koh et al., 1961), from 

numerical solution of the governing equations. (Chisholm et al., 1965), developed a numerical 

method of evaluation heat and mass transfer coefficient and local heat fluxes in surface condensers.  

(Patankar and Spalding, 1974), introduced a more practical approach by considering the tube nest 

as porous medium allowing coarser computational grid to be used and hence economize on 

computer requirements. (Fujii, 1983), treated condensation phenomenon in small simple tube banks 

as a basic problem for research and development on turbine condensers. 

(Zhang, 1994), proposed quasi-three dimension numerical model to predict performance of 

large power plant condensers. The prediction was achieved by solving the governing mass, 

momentum and air concentration by using semi implicit consistent control-volume for simulation 

with different conditions in work of condenser. A test facility was constructed by (McNeil, 1999), 

and used to generate data for filmwise and dropwise condensation from steam and steam-air 

mixtures flowing downward across a bundle of tubes. Pressure drops in a dropwise bundle are not 

noticeably different from a filmwise bundle. 

(Karl and Hein, 1999) found that the non-condensable gas accumulates in the vapor phase 

boundary layer and causes a high heat transfer resistance, especially with high pressures and low 

water temperatures. (Seungmin, 2003), examined  numerically the annular filmwise condensation 
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of vapors in a vertical tube with non-condensable gases. (Liang et al., 2004), presents accurate 

numerical solutions of the full two-dimensional governing equations for steady and unsteady 

laminar/laminar internal condensing flow. (Tarrad and Kamal, 2004), studied the performance 

prediction of Al-Daura steam power plant condensers, Fig. 1, in a quasi-two dimensional model. It 

revealed that cooling water resistance represents the greatest one among the whole resistances.  

In the present work a step by step technique was used for the performance prediction of an 

existing power plant surface condenser. It provides a powerful tool for the performance assessment 

of the condenser working under various operation conditions at which the different measures that 

control the proper work of such equipments were investigated. 

 

THEORETICAL TREATMENT MODEL: 

The overall heat transfer coefficient that refers to the outside tube area may be expressed as, 

(Davidson,1987).: 
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The heat flux at the condenser tube surface is calculated from: 

                      LMTDUQ                                                                    (2) 

FORCED CONVECTION IN TUBES:  

Numerous relations have been proposed for predicting turbulent flow in tubes. The most  

popular correlation available for the prediction of the heat transfer coefficient is that of Petukhov 

cited in (Cengel, 1998) in the form: 

                                                                                     (3.a) 

                                       

  

                                                                            (3.b)                        

For the Reynolds and Prandtl number ranges: 

                                            10
4
≤Rei≤5×10

6
   and     0.5≤Pri≤2000              
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CONDENSATION HEAT TRANSFER COEFFICIENT: 

        The latent heat of condensation released as the vapor condenses must pass through a liquid 

film resistance before it reaches the solid surface and must be transferred to the medium on the 

other side. 

NUSSELT EQUATION FOR A LAMINAR FILM: 

The following relation for the heat transfer coefficient can be obtained from, (Kreith and 

Boehm, 1999) by the following expression: 
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With slight modification, the Nusselt analysis of laminar falling-film condensation over a flat 

plate can be adapted to film condensation isothermal horizontal cylinder. Doing so yields the 

following relation for the mean heat transfer coefficient as, (Thome, 2004): 
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Many investigators have made significant improvements to the original Nusselt theory to include 

the following effects to the condensation process: 

Effect of Condensate Film Sub-cooling:  

It has been shown that the cooling of the liquid below the saturation temperature during the 

condensation process can be accounted by using modified latent heat of condensation defined by 

(Petukhov, 1998) and (Collier, 1972) as: 

                   68.0 wcscfgfg TTCphh                                              (6) 

EFFECT OF VAPOR VELOCITY:   

When the vapor surrounding a horizontal tube is moving at a high velocity, the analysis of 

filmwise condensation is affected by the surface shear and the vapor separation and its influence 

upon the condensate flow, (Thome, 2004). In practice, shear stress will be increased and the film is 

thinned, due to momentum transferred to the condensing vapor. 

(Shekriladze and Gomelauri, 1966) analyzed the case of downward vapor flow over an 

isolated tube. They obtained an expression for which the vapors shear dominated conditions: 

                        Re9.0 21
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 oc Re                                                              (4.b) 

When gravity and vapor shear dominated conditions, the expression will be as: 
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 (Rose, 1984) resolved the (Shekrladze and Gomelauri, 1966) problem and obtained an 

improved equation (without taking the effect of separation and circumferential pressure gradient for 

condensate) as: 
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(Fujii and Kurata, 1972) modified eq. (9) to include a (generally small) correction for the 

fact that asymptotic shear stress expression has been used, thus: 
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(Fujii, 1981) proposed the following experimental equations for the mean heat transfer 

coefficient for downward flow vapor as: 
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600F                         0.25b       0.7a
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 (Berman and Tumanov, 1962) proposed from vertical down flow experimental data, 

corrective to Nusselt equation to take into account the effect of vapor shear as: 
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and  

                                 
c

oCN
CN

k

dh
Nu                                                      (14.b)  
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 Re                                               (14.c)  

EFFECT OF INUNDATION IN TUBE BANKS: 

The average heat transfer coefficient at the lower tube rows is smaller than that experienced 

from the above tube rows, (Marto, 1988).  

 (Fuks, 1957) and (Kutateladze et al. ,1979) derived a non-dimensional equation which 

accounted for the predominant physical mechanism as: 
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(Fuks, 1957) showed that the index S=0.07, other authors as (Wilson, 1972) used S=0.16, 

(Grant and Osment, 1968) used S=0.223 and (Short and Brown, 1951) used S=0.25. 

Effect of Non-condensable Gasses:  

Since only the vapor is condensed, the concentration of the non-condensable gas at the 

interface is higher than its value in the far ambient. This, in turn, decreases the partial pressure of 

the vapor at the interface below its ambient value. The resulting depression of the interface 

temperature generally reduces the condensation heat transfer rate below that which would result for 

pure vapor alone under the same conditions, (Owen and Lee, 1983). 

 (Rose, 1980) used procedure, which relies on a heat mass transfer analogy to obtain solutions 

for the corresponding mass transfer problem. The coefficient of mass transfer is evaluated from 

(Rose, 1980) in the form: 
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The partial pressure of vapor is evaluated by: 
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By taking  
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(Rose, 1980) showed that: 
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And the heat transfer rate in eq. (16) may also be expressed as: 
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And the final expression for the heat transfer coefficient of the  non-condensable gas, air, in the 

condenser has the form: 

                               

 

COMPUTATIONAL PROCEDURE: 

     The present work includes the prediction of the performance of the surface condenser used in the 

Southern Baghdad thermal power station. The object is to study the rating of an existing condenser 

and predict the total condensation load, condensation rate, pressure and temperature distribution on 

the steam side. The condenser is divided into a number of horizontal tube slices, rows, receive the 

steam and condensate from the above tube row. The first tube row is assumed to receive the steam 

directly from the exhaust turbine duct at its condition including mass flow rate, pressure and 

temperature. The condensation rate, vapor pressure, vapor temperature and overall heat transfer 

coefficient were calculated for each row.  

     The solution for the condenser rating was conducted a row by row, the exit condition from a 

tube row is assumed to be the entering condition to the next row and so on until the exit from the 

last tube slice. These calculations were based on an assumed arbitrary mass flow rate distribution 
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for the bays along the heat exchanger. An iterative procedure was followed to establish the rate of 

condensation for each bay depending on its ability for condensation which is a function of the tube 

side condition and position. A computer program is built to establish the performance of power 

plant condenser incorporating all different variables involved in the performance prediction. 

Detailed computer program structure and solution marching procedure for the suggested model is 

presented by (Majeed, 2007).    

 

CASE STUDY: 

    The case study considered for verification of the present model is the condenser design and 

operating conditions of the unit number (1) of the Southern Baghdad thermal station. The 

geometrical design characteristics of this condenser are shown in Table 1 and the condenser tubes 

layout is shown in Fig. 2. For the present work the following cases will be considered:  

 Case (1):- The data of this case is shown in Table 2 and is taken in summer. 

 Case (2):- The data of this case is shown in Table 2 and is taken in winter. 

 Case (3):- all data of this case are the same as case (1) except mass flow rate of air which 

is as (ma=0.0092) kg/s as obtained from the field data of the manufacturer company. 

 Case (4):- all data of this case are the same as case (1) except that the temperature of 

vapor inlet to condenser which is as (316.2) K corresponding to saturation pressure of 

(8644) Pa in summer season.  

 Case (5):- all data of this case are the same as case (1) except the temperature of water 

inlet to condenser which is as (290.2) K. 

 Case (6):- all data of this case are the same as case (1) except the fouling resistance and 

roughness as (Rf =0.00032) m
2
.K/W and (ε=0.000036) m respectively as deduced from 

literatures. 

 Case (7):- all data of this case are the same as case (1) except the water inlet to upper 

pass first. 

 

RESULTS AND DISCUSSION: 

     Figure 3 shows the scheme of the longitudinal tube bundle arrangement for bay by bay 

condenser design. In all cases of performance prediction, Petukhov eq. (3) is used to calculate heat 

transfer coefficient inside tube, Fujii and Kurata eq. (10) to calculate condensate heat transfer 

coefficient and Rose eq. (19) to calculate air heat transfer coefficient.  
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 :)QHeat Load (  

As shown in Figures 4 and 5, the trend of the curves of heat transfer is the same for upper pass 

in case (1) and case (2), but the magnitude of reduction in heat transfer between rows is different 

according to pressure drop. For example, in case (1), the difference between rows in upper pass is 

(1163-1745) W and (2663-5003) W. For the lower pass, the trend of these curves is the same, but 

the magnitude of reduction between the first row in lower pass and the vent is different according to 

pressure drop. The extreme drop in curves for lower passes in the rows number (8) and (9). This is 

because that the number of tubes in these rows which are (19) and (20) are less than that of the 

other rows. This makes the quantity of cooling water less than in other rows, which explains the 

heat transfer decrease. As the pressure of vapor decreases towards the vent, the heat transfer rate of 

the tube rows and bays decreases. This can be explained by the decrease of temperature difference 

between vapor and cooling water which causes a decrease in heat transfer transmitted. 

   The variation of the condenser load with bay number for case (2) is shown in Fig. 6. The 

greatest heat transfer occurs in bay (11) for upper pass and bay (1) in lower pass because it has the 

lowest cooling water temperature, as compared with other bays, which leads to high temperature 

difference between vapor and cooling water and, hence, an increase in the heat transfer. The heat 

transfer rate in the lower pass is greater than that in the upper pass because of the coolest water 

temperature inlets to lower pass, except in three last bays in case (1) and four bays in case (2) since 

the temperature of cooling water is approximately equal, while the temperature of vapor in upper 

pass is greater than that in the lower pass. 

As shown in Fig. 7, the trend of the curves of case (7) is opposite to those of case (1), because 

the cooling water enters the condenser at the upper pass which means high temperature difference 

between vapor and cooling water. This explains why the heat transfer rate in upper pass is higher 

than that in lower pass. On the other hand, the total heat transfer rate of case (7) is less than that in 

case (1) in all bays because  the heat transfer rate in lower pass is lower than that in case (1). This 

can be explained by the small temperature difference between vapor and cooling water.  

 

):UOVERALL HEAT TRANSFER COEFFICIENT ( 

As shown in Figures 8, 9, and 10, the trend of curves is the same for all cases. Although the 

heat transfer rate in the upper pass is less than in lower pass, but the overall heat transfer coefficient 

in upper pass is higher than that in the lower pass. That is for a specified surface area, the heat flux, 

UΔTm, for the upper pass is lower than that of the lower pass due  to the decrease in temperature 

difference between vapor and cooling water. For case (7), the overall heat transfer coefficient, as 

shown in Fig. 11, increases from first bay to the last in upper and lower passes which is different 
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from other cases. This is because the increase in heat transfer is more pronounced than the increase 

in temperature difference between vapor and cooling water. For example, the difference in overall 

heat transfer coefficient between bays for upper and lower passes of case (1) is (11.1-17.3) W/m
2
.K 

and for case (7) is (7.2-12.8) W/m
2
.K. 

   The Rose correlation showed the highest overall heat transfer coefficient, whereas the 

(Shekriladze and Gomelauri, 1966) one expressed the lowest value, with a maximum 

corresponding deviation is about (5) %. The rest of correlations revealed a discrepancy in the range 

(2-5) %  when compared to the minimum value given by the former correlation. 

   The results of the present work revealed that the cooling water resistance comprises the 

major part of the total resistance, it is within (50-65) %. The condensation resistance is ranged 

between (15-20) % which is followed by the fouling resistance with a percentage of  (9-15) %. The 

mixture resistance showed the lower value among the various resistance types with a value fell 

within (0.01) %. 

CONDENSATION RATE AND OTHER VARIABLES: 

Condensation Rate (mcr): For case (1) and for upper pass, the greatest condensation rate 

occurs in bay (11), as shown in Fig. 12, because it has the lowest cooling water inlet to the bay 

compared with other bays. This leads to high temperature difference between vapor and cooling 

water which increases heat transfer rate. The trend of curves shows the reduction from inlet to tube 

bundle towards the last row in upper pass. This reduction is because of pressure drop through the 

rows. For example, the difference in upper pass is in the range of (0.0005-0.0016) kg/s. 

Vapor Pressure (Pv): The pressure drop in upper pass for all cases is greater than that of the 

lower pass. This is because the steam sustains the greatest velocity in the upper pass, whereas a 

sharp decrease in the steam velocity occurs in the lower pass. Fig. 13 shows extreme slope for 

pressure drop between bays. This can be explained by the large difference in steam velocity 

between bays. For example, in case (1), the predicted pressure drop for the upper pass was between 

(8.7-6.8) Pa and for the lower pass was between (1.5-.8) Pa, while in case (2) the pressure drop for 

the upper pass was between (12.8-8.8) Pa and for the lower pass was between (1.5-0.4) Pa.  

       Inlet Temperature of Cooling Water (Ti)  

As shown in Fig. 14, the rise in cooling water is different from case to another due to the 

operating conditions considered. These are temperature difference between vapor and cooling water 

or mass flow rate of vapor or fouling resistance. The rise in case (3) is approximately equal to that 

in case (1), due to the little effect of the presence of air mass flow rate. For example, the rises in 

inlet cooling water in cases (1,2,3,4,5 and 6 ) are (11.4,16.6,11.4,10.1,14.2 and 12.7) °C. The results 
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have also revealed that the rise of cooling water temperature in case (7) was ( 11.7) °C. This value 

was less than that of case (1) owing to its high decrease in  temperature difference between vapor 

and cooling water. 

COMPARISON WITH FIELD DATA: 

       The present model performance predictions was compared with the field data obtained from 

Southern Baghdad thermal power plant. It is suggested to consider the outlet cooling water 

temperature and condensate exit temperature as a measure for the accuracy of prediction. Table 3 

shows the predicted and measured temperature of the above two variables. It is obvious that there is 

a good agreement between the field data and the present work, with accuracy fell within (98) % and 

(89) % for the cooling water temperature prediction for summer and winter, while the accuracy fell 

within (98) % and (99) % for the condensate temperature prediction for summer and winter. 

 

CONCLUSIONS: 

The performance of power plant condensers is difficult and complicated art to be checked by 

single parameter, therefore a quasi two dimensional computer program has been built to depict the 

performance of this type of condensers. The principle findings of this investigation are listed 

below:-  

- The procedure based on the step bay step method across tube bank of the condensers provides a 

powerful technique for the performance prediction of the condenser. 

- The program is used to study different operating conditions, to analyze them and other parameters 

that affect the performance of Southern Baghdad power plant. From this study the followings are 

noticed:- 

i. Best performance in winter owing to the large temperature difference between vapor and 

cooling water and the rise in the level of the river water which decreases the deposit inlet to the 

condenser tubes. 

ii. Heat transfer, condensation rate, and overall heat transfer coefficient decrease towards the vent, 

because of vapor pressure drop. Heat transfer and condensation rate for the pass of condenser 

where river water enters first are higher than the other pass, while the overall heat transfer 

coefficient is lower. The increase of the heat transfer rate is mainly due to the increase in 

temperature difference between vapor and cooling water. 

iii. The fouling resistance has an important effect on the condenser and plays a major part of 

decline of the condenser performance. This is due to the increase in the fouling resistance, leads 

to a decrease in the overall heat transfer coefficient and condensation rate. 

iv. The performance of the condenser when the cooling water enters the condenser at the lower 

pass is better than that when it enters the condenser at the upper pass. This is because of the 

balance in the distribution of the heat transfer and condensation rate between passes. 
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NOMENCLATURE: 

   an : Constant defined in eqs. (11) & (14.a) 

   bn : Constant defined in eqs. (11) & (14.a) 

   cp: Specific heat (kJ/kg. K) 

   d : Tube diameter (m) 

   D : Molecular diffusion Coefficient (m
2
/s) 

   Dp: Coefficient of vapor diffusion in gas (kg/(s.m.Pa)) 

   Ev : Pressure ratio (air to mixture) 

   Ew : Mass ratio (air to mixture) 

   F : Parameter defined by eq.(8.b) 

   g : Gravitational acceleration (m/s
2
) 

   h : Heat transfer coefficient (W/m
2
 K) 

   hfg : Latent heat of vaporization (J/kg) 

   h
*
fg: Modified latent heat of vaporization (J/kg) 

   k : Thermal conductivity (W/m.K) 

  L : Length of tube (m) 

  LMTD : Logarithmic mean temperature difference (K)  

  m : Mass flow rate (kg/s) 

  n : Number of certain row 

  Nu: Nusselt number 

  P : Pressure (Pa) 

  Pr : Prandtl number 

 Q : Heat flux (W/m
2
) 

 R : Gas constant (J/kg.K) 

 Rf : Fouling resistance (m
2
 K/W) 
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 Re : Reynolds number 

 S : Index in eq. (13) 

 Sc : Schmidt number 

 Sh : Sherwood number 

 T : Temperature (˚C) 

  u : Fluid velocity (m/s) 

  U : Overall heat transfer coefficient (W/m
2
 K) 

  w : Mass fraction 

 

Greek Symbols: 

  ρ : Density (kg/m
3
) 

  µ : Viscosity (Pa.s) 

  β : Mass transfer coefficient (kg/s.m
2
) 

  ν : Kinetic viscosity (m
2
/s) 

  П : Parameter defined by eq. (14.b)  

   Г : parameter defined by eq. (3.b) 

 

Subscript Symbols: 

   a : Air 

   c : Condensate 

   cs : Vapor/Condensate interface 

   i : Coolant inside tube 

   ib : Inside tube bulk 

   iw : Inside tube wall 

   mix: Mixture 

    o : Outside or outlet 

  TP : Two phase 

  v : Vapor 

  v  : Vapor at free stream 

  w : Tube wall 

   : Free stream 
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Table (1.a): Geometrical Design Characteristics Data for the Test Condenser. 

Input data Value 

Internal diameter of tube (m) 0.0197358 

external diameter of tube (m) 0.022225 

Tube pitch (m) 0.02778125 

Number of bays 11 

Length of bay (m) 0.72736 

Width of tube sheet (m) 1.228 

Number of tube passes 2 

Number of tubes for all condenser 2430 

Number of rows for all condenser 57 

Number of rows before the vent  

 

 

34 

Tube numbers for upper pass of condenser 1201 

Tube numbers for lower pass of condenser 1229 

Row numbers for upper pass of condenser 27 

Row numbers for lower pass condenser 30 

                         

                         Table (1.b): Number of Tubes for Each Row in the Condenser. 

Number of row Number of tubes 

From(1-27) odd rows 44 

From(1-27) even rows 45 

28-29-30 42 

31-33 35 

32-34 36 

35 19 

36 20 

37-38-39 38 

40-42 44 

41-43-44…….-57 45 

 

 

 

 

 



Journal of Engineering Volume 16 march 2010      Number1  
 

 

 7467 

 

Table (2): Shell Side and Water Side Input Data for Case (1) and Case (2). 

Input data Case(1) Case(2) 

Total mass flow rate of vapor (kg/s)  15.0926 17.26852 

Mass flow rate of air (kg/s) 
* 

0.00472 0.00472 

Air mass percentage % 0.0313 0.0273 

Inlet vapor temperature to condenser (K) 319.69 314.861 

Air vent capacity (kg/s) 0.0275 0.0275 

 Total mass flow rate of water (kg/s) 791.34376 791.34376 

Inlet water temperature to condenser (K) 296.2 283.2 

Thermal conductivity of tube (W/m.K) 300 300 

Tube side fouling resistance (m
2
.K/W) 

* 
0.0004 0.00032 

Roughness of tube (m) 
* 

0.000061 0.000036 

Pressure of water inlet to condenser (bar) 3.5 3.5 

All data labeled by (*) are assumed values. 

                              

Table (3): Comparison Between Field Data and Present Work. 

            
Figure (1): Arrangement of Tube Bundle in Al-Daura Thermal Power 

                                        Station Condenser, (Tarrad and Kamal, 2004). 

Data 
Field data Present work 

Case(1) Case(2) Case(1) Case(2) 
Temperature of condensate at outlet from 

condenser (K) 
319.5 313.8 318.6 313.6 

Temperature of cooling water at outlet from 

condenser (K) 
307.2 297.2 307.6 299.8 

Air Vent 

Air Vent 
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Figure (3): The Longitudinal Condenser Section for Bay and Tube 

Passes Arrangement. 

Figure (2): Geometrical Tube Arrangement of  Southern Baghdad Power Plant Condenser. 
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 Figure (4.a):Heat Transfer Rate vs. Row Number for Upper Pass, Case (1). 

Figure (4.b):Heat Transfer Rate vs. Row Number for Upper Pass, Case (2).  

 

Figure (5.a):Heat Transfer Rate vs. Row Number for Lower Pass, Case (1). 
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            Figure (6): Heat Transfer Rate of Case (2) vs. Bay Number. 
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                                Figure (7): Heat Transfer Rate of Cases (1 & 7) vs. Bay Number.        

 

 

Figure (5.b):Heat Transfer Rate vs. Row Number for Lower Pass, Case (2). 
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                           Figure (9): Overall Heat Transfer Coefficient of Case (2) vs. Bay Number. 
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                         Figure (8): Overall Heat Transfer Coefficient of Various Cases vs. Bay                  

Number for Upper Pass. 
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                          Figure (10): Overall Heat Transfer Coefficient of Various Cases vs.     

                                                   Bay Number for Lower Pass 
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Figure (11): Overall Heat Transfer Coefficient of Cases (1 & 7) vs. Bay 

Number. 
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                      Figure (13.a): Pressure of  Vapor vs. Row Number of Case (1) for Upper Pass. 

 

                       

Figure (12): Condensation Rate Vs. Row Number of Case (1), Upper Pass. 
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                      Figure (13.b): Pressure of  Vapor vs. Row Number of Case (1) for Lower Pass. 

 

297

299.4

301.8

304.2

306.6

309

0 2 4 6 8 10 12

Bay number

 W
a

te
r 

in
le

t 
te

m
p

er
a

tu
re

 (
K

)

Case1

Case3

Case4

Case5

Case6

 
                     Figure (14.a): Water Inlet Temperature of  Various Cases vs. Bay Number 

                                              for Upper Pass. 
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                     Figure (14.b): Water Inlet Temperature of  Various Cases vs. Bay Number  

                                              for Lower Pass. 
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 نظرية الفوضى وتوليد الشكل المعماري      
 بيماف فؤاد رحمف                اسماء نيازي طاىر.د

 الجامعة التكنولوجية /قسـ اليندسة المعمارية/ الجامعة التكنولوجية       ماجستير/قسـ اليندسة المعمارية/ مدرس 
 الخلاصة 

كماً ونوعاً يصاحبو تغير سريع في التخصصات والاىتمامات والمصطمحات وحتى وجيات النظر يتميز العصر الحديث بالإنتاج اليائؿ لممعرفة    
والتطور المعرفية، فقد ازدىرتْ في الأعواـ الأخيرة طرؽ تفكير جديدة في حقؿ الرياضيات العائد لنظرية الفوضى ىذا الحقؿ الذي استمر في النمو 

دنا بيا ىذه . امكانات لمتطبيؽ عمى مدى واسع ومتنوع مف الظواىربسرعة في اتجاىات عديدة، بكؿِّ ما تحممو مف  وتمثؿ الأدوات والمفاىيـ التي تزوِّ
ننا مف رؤية الع ََ الـ رؤية مختمفة النظرية قطيعةً جذريةً مع الأساليب الرياضية السائدة التي أسَّستْ لمعمـ الحديث منذ غاليمو وديكارت ونيوتف وتمؾَّ

.   فيـ أفضؿ لقواه المحّركة وتنظيمو الذاتي وتطوره ، وقادت إلى نتائج غير محسوبة التوقعات في مجالات عدة منيا العمارة جذرياً عف السابؽ ومف 
اتيا ناقشت العديد مف الطروحات المعمارية نظرية الفوضى وتركزت عمى  تبياف تأثيراتيا في حقؿ العمارة مف خلاؿ طرح نظري عاـ لمنظرية ومفرد

ظـ ىذه الطروحات لـ تتطرؽ إلى أىمية النظرية واستثمار مفاىيميا في اطار التوليد الشكمي لمنتاجات المعمارية، وعميو جاءت أىمية ، ألا أف مع
وعمى ضوء المعرفة (.مدى أمكانية تبني وسائؿ جديدة لتوليد الأشكاؿ المعمارية ؟: )البحث كونو يسعى للأجابةعف سؤاؿ ميـ بدأ منو البحث وىو

عدـ وضوح القدرة التوليدية لنظرية الفوضى : )تـ صياغة مشكمة البحث المعرفية( المعمارية والعممية) ة المتأتية مف نقد الدراسات المتخصصةالعممي
إلى  وفي سعيوِ . القدرة التوليدية لنظرية الفوضى في العمارة لتوليد أشكاؿ جديدة ، إذ استيدؼ البحث الكشؼ عف(في العمارة لتوليد أشكاؿ جديدة

، (المرونة-التعقيد-الدينامية)بناء أطار نظري لمفردات التوليد الشكمي عمى وفؽ نظرية الفوضى توصؿ البحث لصياغة ثلاث مفردات توليد رئيسة 
الجانب  ، بدأ البحث بتحقيؽ ىدفوِ مف خلاؿ(يمكف توليد أشكاؿ جديدة في حقؿ العمارة مف خلاؿ توظيؼ مفاىيـ نظرية الفوضى ) ومفترِضاً إنو

بيدؼ توظيؼ المفردات التي تخص التوليد الشكمي عمى وفؽ نظرية ( Form)الذي توصؿ إلى صيغة برمجة خاصة لمبرنامج الحاسوبي  العممي
 وقد توصؿ البحث إلى مجموعة مف الاستنتاجات التي تخص نظرية الفوضى ومفردات توليدىا الشكمي الفوضى لتوليد أشكاؿ معمارية جديدة،

 .جديدة في العمارة لأشكاؿ 
 

Chaos theory and the Generation Of the Architectural form 
ABSTRACT  

    The modern era features the incredible production knowledge by quantum and qualities and with 

quick changes in theories, interesting practices and even knowledge  ُ s view points. In the last years new thinking 

methods boomed in the mathematical field that refers to chaos theory, this field which continues in 

growth and evolution quickly in different directions, with all the practical potentiality that carried in 

large and variety phenomena's. The tools and the concepts of the theory is considered as a radical cutting with the 

known mathematical manners that based the modern science since Galileo, Descartes and Newton , and let us 

see the world in different and radical views, and with the best understanding for its movement powers, its self 

organization and its evolution. The different concepts of the chaos theory effected in all the knowledge fields 

and led to unpredictional results in many areas one of them is architecture. Many architectural studies discussed 

chaos theory and focused on its effects in architectural field through theoretical studying to the theory and its 

concepts, but the most of these studying didn't exploit the theory concepts in the formal Generation of the 

architectural deriving, therefore the research importance came from its trying to answer the important question 

that the research begins with :( How could new tools be adopted to the Generation of the Architectural forms?), 

and according to the scientific knowledge that came from the specialized study (architectural & scientific) 

formulating of the research  ُ s problem was:( the lack of knowledge concerning the generating ability of the 

chaos theory in architecture to generate new forms), therefore the research  ُ s aim was to expose the generation 
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ability for chaos theory in architecture to generate new forms. The research tried to build theoretical framework 

about the vocabularies of the formal Generation according to chaos theory the research reached to formulate three  

main Generation vocabularies(dynamics- complexity- flexibility) , according to that the  research hypothesis was: (could 

be generate new forms in architectural field through employing chaos theory concepts), the research started 

reaching its aim through the practical part which reached to formulate special programming with the computer 

program (Form( to employing the vocabularies of the formal Generation according to chaos theory to generate new 

architectural forms And finally reached to a group of conclusions that refer to chaos theory and its formal 

Generation to create new forms in architecture .  

:المقدمة   

 التي تتعامؿ مع الانظمة التي تبدي نوعا مف السموؾ الفيزيائية الرياضيةتعد نظرية الفوضى مف أحدث النظريات       
العشوائي، وتحاوؿ النظرية أف تستشؼ النظاـ الخفي المضمر في ىذه العشوائية الظاىرة محاولةٍ وضع قواعد لدراسة مثؿ ىذه 

ولأف العمـ ىو . وحركة الأسيـ المالية والتزايد السكاني واقتصاد السوؽ والنظاـ الشمسي والتنبؤات الجوية الموائعالنظـ مثؿ 
لذا فأف العمـ الحديث أصبح وفقاً لنظرية  .سيؿ مف المعارؼ المتتالية، يستند إلى معيار التطور والتقدـ لموصوؿ لمحقيقة

الفوضى يرفض مبدأ الحقيقة المطمقة، ويجد أف الحقيقة نسبية يتعيف النظر إلييا بعيف الشؾ دائماً وتسميط الضوء عمى كافة 
. يأوجييا، وأصبحت مفردات الجزـ والإطلاؽ والثبات والحتمية والضرورة، مفردات مرفوضة الاستعماؿ في السياؽ العمم

الاحتماؿ والحقائؽ غير الثابتة، والشؾ مف أجؿ فتح الأبواب عمى مصراعييا لممناقشة والتساؤؿ والشؾ : وتستبدؿ بمفردات
 . والبحث لموصوؿ إلى الحقيقة

وبالتالي كاف لابد أف تؤثر ىذه النظرة العممية الجديدة في حقؿ العمارة، وتستثمر في توليد الشكؿ المعماري، ومف ىنا      
جاءت أىمية البحث كونو يسعى لتبني وسائؿ جديدة لتوليد الأشكاؿ المعمارية، فالبحث يرى إف العممية التصميمة لمتوليد 

إبداعية باعتبارىا خمقاً جديداً لمكونات معرفية عائمة ومنفصمة تجبؿ مع بعضيا لبناء شكؿ جديد، -الشكمي ىي موىبة فنية
ف قادراً عمى أنتاج معرفة جديدة ىدفيا الارتقاء بالعمارة لمراتب أعمى وىو اليدؼ وتحتاج لبذؿ جيد مضني مف المصمـ ليكو 

الاسمى، كونيا مرآة المجتمع وتعكس تقدمو رفاىيتة وتسيـ في رفد الحضارة الإنسانية، وعدّ البحث نظرية الفوضى أحدى 
 .ىذه الوسائؿ الممكف تبنييا في أطار التوليد الشكمي

 ة نظرية الفوضى ؟ماىي: المحور الأول  -
 الفوضى في المغة والاصطلاح

ونعاٌـ فوضى . وقوـ فوضى، أي متساووف لا رئيس ليـ. متأتية مف فوض، وفوض إليو الامر أي رده إليوالفوضى  مفردةإن 
 .أي مختمط بعضو ببعض 

عارض الميوؿ والرغبات أو ىي أختلاؿ في أداء الوظائؼ العضوية أوالاجتماعية لفقد الرياسة والتوجيو، أو ت: والفوضى  
 .  نقص التنظيـ

ىي مذىب ينادي بألغاء الرتابة والسياسة داخؿ المجتمع مقرراً أف الدولة أكبر أعداء الفرد وأف في ألغائيا : والفوضوية  
 (.  848ص/ 8191المعجـ الفمسفي . .)قضاء عمى الافات والشرور الانسانية

http://ar.wikipedia.org/wiki/Ø±Ù�Ø§Ø¶Ù�Ø§Øª
http://ar.wikipedia.org/wiki/Ù�Ù�Ø²Ù�Ø§Ø¡
http://ar.wikipedia.org/w/index.php?title=%D9%85%D9%88%D8%A7%D8%A6%D8%B9&action=edit
http://ar.wikipedia.org/w/index.php?title=%D8%AA%D9%86%D8%A8%D8%A4_%D8%AC%D9%88%D9%8A&action=edit
http://ar.wikipedia.org/wiki/Ù�Ø¸Ø§Ù�_Ø´Ù�Ø³Ù�
http://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%82%D8%AA%D8%B5%D8%A7%D8%AF_%D8%A7%D9%84%D8%B3%D9%88%D9%82&action=edit
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 .والدولة وأف يصبح العمـ والعقؿ ىما المعوؿ عمييما في إرشاد الناسوالفوضوية مذىب يقوؿ بإلغاء الممكية   
 ( . 862ص/8194العلايمي)
-chaos- disorder            - confusion-clutter – disarray)والفوضى ليا مرادفات عديدة في المغة الانكميزية   

muddle-mess-lawlessness-anarchy-madness (.)8198انطواف، 8888الوافي الذىبي. ) 
لقد وردت تعريفات . تباعاً  chaos theory )) لتعريؼ وتحديد مصطمح  "chaos"وما ييمنا في البحث تبياف مفيوـ   

 :وكما يأتي chaosقاموسية متعددة لمفيوـ 
 Chaos ( .8194معجـ المصطمحات العممية والفنية اليندسية. )تعني الفوضى والتشويش والاختلاؿ الكمي 

 Chaos لة التشويش المطمؽ، والتي منيا بدأت الاشكاؿ كحالة أساسية في الكوف وفقاً للاساطير الاغريقية وىو يمثؿ حا
   (oxford dictionary 2000).حالة اللانظاـ في الفراغ ومنيا أنبعثت كؿ الاشياء

 Chaos (العماء ) الكونية التي منيا خميط مضطرب مف العناصر ( سفر التكويف)مصطمح لاىوتي وىو عمى ما جاء في
 ( .880ص/ 8191المعجـ الفمسفي .)تشكؿ العالـ ويطمؽ عمى كؿ ما ىو ليس مرتباً ولامنسقاً 

وسيعتمد ...( العماء-الكيوسية-اللانظام-الشواش-الاضطراب-الفوضى) الى مفردات عديدة   "Chaos"لقد تم تعريب  
 .في معظم الادبيات العربية  البحث مفردة الفوضى لكونيا أقرب معناً ومضموناً ولورودىا

وجذورذلؾ يرجع الى قانوف  chaosىو أوؿ ما يرادؼ مصطمح الفوضى  disorderلقد كاف مصطمح اللانظاـ   
بإزدياد حالة اللانظاـ لتنتيي بحالة لانظامية  orderlyالثرموديناميؾ الثاني الذي يشير الى إنتقاؿ المواد مف الحالة النظامية 

, ىذه البنية عند تحطميا تدريجياً فإنيا تتحوؿ الى حالة لاشكمية. فيوـ النظاـ ىو ىيكؿ أو بنية تنظيميةحيث يعد م. تامة
Arnheim1996/p157) .) ،ىو مستوى مف النسؽ ذو أجزاء  فاللانظامويرى البحث أنو لابد مف التمييز بيف المفيوميف

عمى سبيؿ المثاؿ، قد يظير . اصلاح أو تغيير ىذا المستوى قابمة لمتعريؼ والتعييف ويمكف أعطاء مقترحات حوؿ امكانيات
فيي فعؿ نظامي، يحدث مف خلاؿ تفاعؿ وتأثير الفوضى أما . اللانظاـ في بعض الافعاؿ الانسانية المختمة وغير الكاممة

لمجموع ىذه متبادؿ بيف قوى متضادة، ىذا التعارض لايدرؾ طالما كاف ادراؾ الفرد يتـ مف خلاؿ فيـ التركيب الكمي 
 ( .(Arnheim1996/p156-159.العناصر

 فى الرياضيات، حالات خاصة مف الفوضى، نسبة إلى نظرية الفوضى أف جميع الانتظامات ىى العمـ المعاصر يوضح  
العمـ مختمفة ، وبالتالى ابتكار نقمة جديدة فى ( عموـ)عمى تفعيؿ الخياؿ والقدرة عمى ترتيب روابط بيف سلاسؿ  وتؤكد النظرية

مما سبق يتبين أن مصطمح الفوضى لايعني اللانظام، بل عمى العكس فيو يمثل  - . (2ص/8888يونس )  .الحديث
فإن نظرية الفوضى أصبحت مفيدة عمميا لذا  اختراع لغة جديدة لمنظام،خصيصة من خصائص النظام والتي تسعى الى 

 .أيضاً توليد أفكار جديدة  ليس بقدر مساىمتيا فى دعم النظام، ولكن بقدر قدرتياعمى
 الفوضىنظرية رياضيات 

ـ وبيف أف 8018إف بدايات مفيوـ نظرية الفوضى ظيرت عندما قدـ ىنري بوانكاريو عالـ الرياضيات بحثو في العاـ    
ووجد أف تباينات ، أي كيفية التنبؤ بحركات الشمس والأرض والقمر، "مشكمة الأجساـ الثلاثة"قوانيف نيوتف لا تقدِّـ أيَّ حؿٍّ لػ

وىكذا صرفتْ اكتشافاتُ .طفيفة في الشروط الابتدائية تُحدِثُ تباينات ىائمة في الظواىر النيائية وتتحدى الحالةُ التنبؤات
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وقد أحدث البحث . بوانكاريو النظرعف الأنموذج الخطِّي النيوتوني الذي كاف ييمؿ التغيرات الطفيفة التي تبرز بروزًغيرمتوقع
في العاـ  Yorkeويورؾ  Liضع العالماف لي قد و و . ؿ إليو بوانكاريو عواقب إيجابية عمى إبداع نظريةالفوضىالذي توصَّ 

في سياؽ عممي للإشارة إلى مشكمة رياضية فحواىا وصؼ التطور الزمني الذي يعتمد اعتمادًا " الفوضى"ـ مصطمح 8192
المصطمح ونشره في  Robert Manyلرياضي روبرت ماني وقد استخدـ البيولوجي وا. حساسًا عمى الشروط الابتدائية

 ( .8-8ص/8888رومية . )الأوساط العممية حتى اشتير
ما  René Thomومف دراسة منظومات التكيؼ المعقدة التي استخدميا بوانكاريو وبريغوجيف اقترح الرياضي رونيو توـ     

، أو الوصؼ الرياضي لكيفية تشعُّب أو تفرُّع المنظومة الفوضوية، catastrophe theory" نظرية الكارثة"يُعرَؼ حاليِّا باسـ 
إذ تسبب الطاقة المتدفقة وتقمباتيا عبر المنظومة تغيرات ": حافة الفوضى"وطوَّر نورماف باكارد وكريس لانغتوف نظريات 

م الآثار الناتجة أو تُضائِمَيا يصف التحول الطَّوري ) لتيارالفوضى" الطَّوري التحول"يحدث ىذا عند . لانيائية، إما أن تضخِّ
 .، وقد يؤدي إلى إعادة تنظيم كاممة لممنظومة كمِّيا بأسموب غير متوقَّع أبدًا(المنظومة عندما تتغير من حالة إلى أخرى

 لفوضى وحوار الطبيعة الجديدا
المياه، وتشكُّؿ الغيوـ وحركاتيا، وتبخر ونعدد منيا مساقط . ثمة مشاىد كثيرة في الطبيعة تُعَدُّ مثالًا لمحركة الفوضوية    

المحيطات، وانفجار البراكيف، وتشكؿ السواحؿ والجباؿ، ونمو الأشجار، وتقمُّب المناخ، والدوامات النيرية، وتوزع الإلكترونات 
 .(8ص/8888الخوري)الحرة في المواد الصمبة، وانطلاؽ غاز ما، وانتشار حريؽ أو وباء 

فبمورات . مرار إلى خمؽ المزيد مف النماذج المعقدة؛ لكنيا تحافظ، في الوقت نفسو، عمى نسؽ أساستنحو الطبيعة باست    
الثمج السداسية المنمَّقة يتجمع مثلًا بعضُيا إلى بعض لتشكؿ ندفة ثمجية ليا مف التعقيد ما لا يجرؤ أيُّ رياضي أف يطمؽ 

فأعقد البُنى الطبيعية يمكف إرجاعيا إلى تضاعؼ وتراكب .  اتوىذا ما يدعى في الرياضيات بتضاعُؼ القصيم! عميو اسمًا
fractalsقُصَيْمات 

أساسية مكونة ما يدعى اليندسة الكسرية وىي مف صور وتكوينات الاشكاؿ  (أنماط ىندسية متكررة)  
ولعؿ ىذه الثنائية  ،التناسبوىكذا فإننا نجد في خضّـِ الفوضى التي تجنح الطبيعة إلييا إشعاعًا ناظمًا مف قوانيف . الفوضوية 

ف لـ تكف لتقنَع أبدًا بالأشكاؿ البسيطة، إلا أنيا  بيف ظاىر الفوضى وباطف النظاـ ىي التي أدَّت إلى تفتح الوعي والطبيعة، وا 
 (.8ص/8882الخوري.)لـ تعدِّؿ أبدًا قوانينيا الأساسية البسيطة التي تقوـ عمى مفيومي الوحدة والاتساؽ

وىذا الصراع بين الميل . تنتج أن قانون الفوضى، كما وجدنا، يؤدي إلى أشكال ناظمة غاية في الإشراقومن ىذا نس    
 .إلى الفوضى والبحث عن حلٍّ أمثل لمحركة باتجاه الانتظام والوعي ىو جوىرَ الجمال الذي نشعر بو في الطبيعة 

 : نظرية الفوضى وفكر العمارة: المحور الثاني 

                                                           
   fractal :-  مف الجذر اللاتيني مشتقةتسمية الأف franger ومف الصفة ،"شرخ" أو" كسر"يعني  الذي fractus تحمؿ معنى اللاانتظاـ  التي

عمى  يشتمؿوىكذا فإف ىذا المعنى بالنسبة لماندلبورت ". فراكتاؿ"في كممة  المعنييفجمع ىذيف  B. Mandelbort  وأراد ماندلبورت. والتكسر
(. اليندسة الكسرية)عاىا بيندسة الفراكتالاتود الإقميديةوضع ىندسة جديدة تختمؼ اختلافاً جذرياً عف اليندسة  ومف خلاليا .الشكؿ والصدفة والبعد

  .(8ص/3002الخوري )
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 وار الشكل في العمارةنظرية الفوضى وح 
تتبمور الأفكار في العمارة مف خلاؿ الشكؿ الذي يحؿ محؿ الصور الادراكية ، فخير وسيمة لممرور إلى التعبير يكوف مف   

فالاىتماـ بالشكؿ المعماري وفؽ نظرية الفوضى ىو حصيمة مف الاىتمامات بجوانب متعددة، في التوليد والإجراءات . خلالو
التي تتـ عمى الشكؿ، والتي ييدؼ البحث الى تبيانيا مف خلاؿ الاىتماـ بما يجري عمى الشكؿ مف تغييرات  وكيفية التجسيد

والطريقة التي تتـ بيا وكيفية استثمارىا في عممية التصميـ الأمر الذي تطمب متابعة خاصة لمموضوع بالاطلاع في البدء عمى 
 ماىية الشكؿ ومصادره وموقؼ نظرية الفوضى منو

محمد إف العالـ يشيد منذ نشأتو حواراً حوؿ الشكؿ وتوليده ، ومعو جرى التطوير ليكوف اكثر تماشياً وملاءمة، وىو .يبيف د -
فكؿ شيء جرى بالتطور، اذ بدأ الانساف مصمماً، ومطوراً . كؿ شيء ولاحدود لو الا عندما يحاط أو يستوعب

 .وىكذا نشأ التحضر ونمت المعرفة( الاشكاؿ)لمفرداتو
 .إف الشكؿ الاوؿ لاشؾ ىو الاساس  -
إف الشكؿ التالي والتالي والتالي ىو المستحدث المتوالد الذي أرتقى بفعؿ قدرة وجيد التكويف المجتمعي الذي كاف اماـ  -

 ( .96ص/8882محمد ب . )الحاجة وصار موطأ ليا
فخمؽ الشكؿ ىو أكثر . عممية تفكيؾ وبناءأي  أف ما يحدث لخمؽ الشكؿ بأختصار ىو تذويب النظاـ وتنظيـ الفوضى   

تنعكس مف خلاؿ ثلاثة جوانب الأوؿ ىو العناصر ذاتيا،  Signبكثير مف مجرد عناصر شكمية، فالشكؿ  يعطي إشارة 
. يرتبط بترتيب العناصر وتركيبيا مع بعضيا والجانب الثالث ىو المعنى ومدى تأثير الشكؿ في الناس والثاني

 . (868ص/8888المالكي)
وىذه الجوانب الثلاث ميمة في عممية التوليد الشكمي لنظرية الفوضى، وبالتالي عمى أدراؾ المتمقي لمشكؿ الفوضوي،   

فالافراد يمكف أف يختمفوا عمى الشكؿ ألاساس المتوالد الذي ينتج عف محاولات التوظيؼ أو اعادة التصميـ وبيذا المعنى فأف 
ف حدث أختلاؼ فيو ناتج عف سوء فيـ لبنية الشكؿ واستيعابو الظاىري  آلية التحميؿ يمكف أف تتغير تبعاً  لبصيرة المتمقي، وا 

فالبصر وىو مؤد لوظيفة النقؿ لايمكف أف   الاشكاؿ القابمة عمى التطويع الذىني ىي الاكثر فيماً لممتمقي، إف .أو الداخمي
عطي الاسباب سواء أكانت متعمقة بمكنوف داخمي أو تمظير فالشكؿ ىو الذي ي ، يشتغؿ أو يُفعؿ قنواتو لولا سببية تحريضية
أف تؤدي دوراً تحريضياً لكي  ، مف ىنا فالكثير مف العناصر التصميمية يمكف ظاىري لمنقؿ ويُفعؿ البصرآلياتو بفعؿ ذلؾ

. ناعة المتمقي ثانياً إف عممية التوليد الشكمي وفقاً لنظرية الفوضى تستند عمى تأمؿ أولًا وعمى ق .تكوف في ذاكرة المتمقي
 (.90ص/8882محمد)
لذا جاءت أىمية نظرية الفوضى في العمارة كونيا تعزو الى اعتمادىا كستراتيجية خمؽ لمتكوينات المعمارية    

فالحاجة الى استراتيجيات خمؽ جديدة لتوليد الاشكاؿ .المعاصرة،واستثمار اشكاليا ومعانييا لتحقيؽ التواصؿ مع عالـ اليوـ
لى انتياج تطبيقات ىذا المفيوـ في الفف كبداية، ثـ انتقاليا الى ميداف العمارة كنتيجة لمتطور التقني وتطور وسائؿ دعت ا

الاتصالات وتقنيات الحاسوب الحديثة وفقاً لمنظرة الجديدة لمعالـ بأخذ عمـ نشوء الكوف وتأثير الطبيعة بنظر 
 (Greene1980/p186).الاىتماـ
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ظيرت نتيجة لذلؾ العمارة الكونية وعمارة التعقيد العممي و القرف العشريف برز أىتماـ واسع بعمـ الكوف  في التسعينات مف   
 Twistsوالممتوية  Foldingبضمنيا نظرية الفوضى والتي سميت العمارة اللاخطية حيث تـ استخداـ الاشكاؿ المطوية و 

وىذا الادراؾ الجديد لمواقع ادى الى قمب . قاؿ الطاقة في الفضاءوالتي تعكس الظاىرة الموجية التي تمثؿ انت Waveوالموجية 
وتـ استبداليا بمفاىيـ جديدة , ، الاختزالية والمادية المفاىيـ التي اعتمدت الحداثة والمتمثمة بمفيوـ الحتمية ، الميكانيكية
 (.(Jencks 1997/125 .والمتمثمة بالنشوء والتنظيـ الذاتي والتطور بالموازنة الرقمية ونشوء الكوف 

 
 : (المعمارية والعممية)استعراض الدراسات المتخصصة 

مف مجمؿ ماتـ طرحو مف خلاؿ المحوريف السابقيف يتبيف اىمية نظرية الفوضى وتاثيراتيا المختمفو في العموـ الحديثو ، 
ري وتوليده عمى وجو التحديد ويتضح عمومية الطرح فيما يخص تأثيرىا في الشكؿ المعما.فضلا عف فكر العمارة المعاصر 

نظري لممشكمة المعرفية لمبحث لاستكشاؼ مفاىيمي بناء اطار وعميو تبرز اىمية .ولاسيما فيما يخص طرائؽ التوليد الشكمي 
. الجوانب الأخرى المرتبطة بيا حوؿ توظيؼ مفاىيـ نظرية الفوضى لمتوليد الشكمي ضمف العممية التصميمية في العمارة

 :إلى محوريف، ىماتقسيميا حقيؽ اليدؼ السابؽ تـ ونحو غاية ت
 .تتعمؽ بنظرية الفوضى وعلاقتيا بالتوليد الشكمي في حقؿ العمارة طروحات معمارية -
 .لحقوؿ معرفية أخرى تتعمؽ بنظرية الفوضى لاستخلاص المفردات المرتبطة بيا طروحات عممية -

نظرية الفوضى في حقؿ العمارة، نستخمص أىـ الجوانب التي تناولتيا  التي تناولت الدراسات المعماريةفي مف مجمؿ ماورد 
- :نستنتج ما يأتي و  الدراسات

  فيما يخص ماىية النظرية فقد أشار كؿ مفJohnson,,Growe  Arnheim  الى كونيا مف نظريات العمـ الحديث
وأكد كؿ . أشكاؿ الطبيعة وأنماطيا المختمفة تتعامؿ مع النظاـ بعيداً عف حالات اللانظاـ والتشويو، مف خلاؿ دراسة التي
وثابت الى كونيا استراتيجية خمؽ لمناتج التصميمي خروجاً مف دائرة المباشرية في المستوييف , Jencks ,Gilleyمف 

 .الفكري والشكمي 

  أشار ألييا  نظرية الفوضىأف أىداؼGrowe ت كونيا تيدؼ الى وصؼ الطبيعة بيندسيتيا واشكاليا، وطروحا
Arnheim,Jencks وبيف .بينت أنيا تيدؼ الى خرؽ دائرة المباشرية بالتعبير باتجاه اللامباشرية والتعقيد والتضميف التي
Ostwald و  كؿ مف ثابت  انيا تسعى الى مواكبة روح العصر نتاجاتيا خير مثاؿ عمى ذلؾ، كما أشارGilley  الى

 .نسانية عف طريؽ تحقيؽ الشد والتوتر التشويقيأنيا تيدؼ الى زيادة الانفعاؿ بيف العمارة والا

 والتي بينت دراسات طبيعة الشكؿ الفوضوي  فيما يخصJohnson,Salingaros Edg , March& ، كونيا أشكالًا
طبيعية، )لى كونيا أشكالًا ا ثابتو  Arnheim ,Jencks, Groweىندسية ذات أنماط منظمة، كما بينت دراسات 

 (.فنية كوني، عضوية، تكوينات 

  تمثمت بأبراز جمالية المعاني الايحائية لمطبيعة، وبالتالي فأف  طبيعة معاني الشكؿ الفوضوي المراد التعبير عنياأف
 ..( .كالتعقيد، الانتظاـ، الغموض) اشكاليا تعطي معافٍ متعددة 
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  كاللاخطية،عدـ القدرة )ركزت عمييا معظـ  الدراسات متطرقة الى بعض جوانبيا مباشرة  خصائص الشكؿ الفوضويأف
 ..(.الذاتي،الدينامية، المرونة، التنظيـ الذاتي كالتكيؼ)،واحيانا ضمنياً ..(عمى التنبوء،الحساسية لمشروط الاولية

 كالرياضيات، الفيزياء، عمـ الكوف، ) اشارت الدراسات الى تأثر الشكؿ الفوضوي بضوء مفاىيـ النظرية مف حقوؿ أخرى
الرياضيات مف أكثر الحقوؿ المعرفية التي اعتمدتيا النظرية في العمارة، مف خلاؿ قواعدىا ، ويعد ....(الطبيعيات
 .وقوانينيا

  أىمية نظرية الفوضى كمصدر لمتوليد الشكمي وىو ما تناولتو دراساتJencks  ,Ostwald ,.Gilley  
  وفؽ نظرية  في توليد الاشكاؿ عمىتناولت معظـ الدراسات مفردتي التشابو الذاتي وتغير المقياس كآليات مستثمرة

  Jencks ,Ostwald, Gilley,   .Salingaros، واكتفت بالاطار النظري العاـ كدراسات الفوضى

  المرتبطة بالمفيوـ بالشمولية في الطرح وتناولت معظـ الجوانب المتعمقة بنظرية الفوضى  الدراسات العمميةاتصفت
كيؼ الذاتي، الدينامية، المرونة، التنظيـ الذاتي، عدـ القدرة عمى التنبوء، كاللاخطية، التعقيد، الت)وباسموب عممي 

 .، وارتباط المفيوـ باليندسة الكسرية وتطبيقاتيا المختمفة...(الحساسية لمشروط الاولية

- :وبصورة عامة فأف الدراسات خمصت الى ما يأتي  
 ممية وأخرى يمكف عكسيا كجوانب ذات علاقة بالشكؿ التركيز عمى جوانب مختمفة لمنظرية بعضيا تركزحوؿ مفاىيـ ع

 .وبالتوليد الشكمي في العمارة 
  جاءت المفاىيـ العممية مرتبطة بجوانب عامة تخص الكوف والطبيعة. 
  نظرية الفوضى تستند عمى رياضيات الديناميكية اللاخطية وكذلؾ التعقيد لتحقيؽ رؤيا وصور جديدة مف خلاؿ انتقاؿ

 .، فالفوضى ىي تعقيد دينامي لاخطي(المبدأ الكوني لمجاذبية)وتطور مف خلاؿ اكتشاؼ  ,التكامؿ مف التجزئة الى
 ترتبط الأجزاء المختمفة ضمف المنظومات الفوضوية المعقدة بشكؿ متأثر وتفاعمي. 
 الفوضى ليست عشوائية بصورة كمية بؿ ىي تحوي نظاماً ضمنياً ضمف طبيعتيا. 
  الاولية وعدـ ثبوت المقياس أو الشؾ تعطي في النتيجة عدـ الاستقرار الدينامي والذي يمثؿ لمشروط الحساسية الحتمية و

 .الفوضى 
 لا تكوف المنظومة الفوضوية محددة حتميِّا بشكؿ كامؿ ولا عشوائية بشكؿ كامؿ، بؿ تبُدي كلا الخاصيتيف.  
 التعقيد عمى خصائص المنظومة وبيئتيا سالبة وموجبة في المنظومة الفوضوية، ويعتمد مستوى تغذية عكسية  ىناؾ

 .وطبيعة التفاعؿ بيف عناصرىا
  الانتروبي مقياس لممنظومة الفوضوية. 

 أف حافة الفوضى تمثؿ مرحمة الانتقاؿ مف الفوضى الى النظاـ وتكويف شكؿ معقد جديد مف خلاؿ ظاىرة التشعيب. 

 

 :استخلاص أبرز ما جاء في الدراسات المتخصصة 
 لفوضى في حقؿ العمارة كوسيمة لتوليد أشكاؿ معمارية حديدة وتمبي حاجة العمارة المستمرة لنظريات تدعـ أىمية نظرية ا

 .الشكؿ 
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  أف تأثيرات التداخؿ الجديد بيف العمارة ونظرية الفوضى سيحقؽ تغييراً في البعد التعريفي لمعمارة وتغيير العديد مف
والوظيفي والجمالي والفضائي والشكمي وكذلؾ توليد انماط جديدة تحقؽ المفاىيـ المرتبطة بالعمارة كالبعد الانشائي 

 . الابداع والتواصؿ وييدؼ الى تحقيؽ أنماط جديدة تسعى مف خلاليا الى تحقيؽ الابداع 

  تطبيقات نظرية الفوضى في العمارة تعتمد عمى قواعد رياضية في التوليد الشكمي مف خلاؿ التشابو الذاتي الذي يؤدي
 .معينة وباستخداـ عامؿ القياس عمى وفؽ قواعد ( كسرية)شكاؿ ىندسية متكررة الى ا

  تأكيد مفيوـ نظرية الفوضى في حقؿ العمارة كونيا تمثؿ أقصى حالات النظاـ الكوني وبعيداً عف اللانظاـ والتشويو الذي
 .أرتبط بالمفيوـ عمى وفؽ النظرة القديمة 

  الفوضى في حقؿ العمارة اليندسة الكسرية أحدى تطبيقات نظرية. 
  تتميز الاشكاؿ الفوضوية بانيا تحوي كماً معموماتياً قد يتسـ باللاأستقرار والتغيير، ولكف تتجسد فيو حالات النظاـ

 .الضمنية والخفية 
 ،الشكؿ عمى وفؽ نظرية الفوضى لا يتسـ بالعشوائية والتشتت، بؿ ىو ذو سمة طبيعية ومنظمة وتعطي نوعاً مف التعقيد 

 .وىي بذلؾ تحث قدرة العقؿ لممتمقي لمعالجة وفيـ لمشكؿ 
  أثر مفيوـ تأثير الفراشة في الشكؿ عمى وفؽ نظرية الفوضى مف خلاؿ الحساسية لمشروط الاولية 
  الاشكاؿ عمى وفؽ نظرية الفوضى تتسـ بالتغير المستمر وبالدينامية مف خلاؿ سمسمة التحولات التي تمر بيا، لذا فأنو

 .تنبوء بصورىا أو خصائصيا في المستقبؿ يصعب ال
  الشكؿ الفوضوي يتميز بطاقة متدفقة تدفع بالشكؿ الى عدـ الاستقرار الذي يكوف مصاحباً لانتظاـ مفاجئ وبدرجة عالية

 .ويكوف سبباً مف اسباب حالات الابداع لمشكؿ الفوضوي 
  نامية اللاخطية، ويتولد التعقيد ذاتيا مف خلاؿ الية والديالكسرية يتمثؿ التعقيد في النظاـ الشكمي لمفوضى مف خلاؿ

 .التكرار التي تحوؿ المعمومات المحتواة لمشروط الاولية نحو الحتمية 

  إف الانظمة الفوضوية تعمؿ ضمف تشكيمة واسعة مف الشروط، لذا فالاشكاؿ الفوضوية متكيفة وتتصؼ بالمرونة وىذه
 .متقمبة والمتغيرةالمرونة تسمح للانظمة تحمؿ المتطمبات ال

  تطبيقات نظرية الفوضى في حقؿ العمارة تمثمت بتوظيفيا في أنواع التصميـ المختمفة سواء عمى صعيد التصميـ
 .الخ ......... الداخمي، التصميـ لمفضاءات الخارجية، التصميـ الحضري

  :البحث المعرفية المتمثمة بـتتشكل مشكمة  وعمى ضوء المعرفة العممية المتأتية مف نقد الدراسات المتخصصة ،

 (.القدرة التوليدية لنظرية الفوضى في العمارة لتوليد أشكال جديدة توفرالمعرفة الكافية حولعدم )
 :اما ىدؼ البحث فانو يصاغ في حدود المشكمة المعرفية لمبحث بالشكؿ الاتي

 .ليد أشكال  جديدةالكشف عن القدرة التوليدية لنظرية الفوضى في العمارة لتو :  ىدف البحث
مف مجمؿ مااوردتو الدراسات المختمفو   : (مفردات توليد الشكل الفوضوي )مفردات الاطار النظري :  المحور الثالث 

البحث توصؿ الى صياغة  التي تناولت مفيوـ نظرية الفوضى سواء عمى صعيد التوليد الشكمي اوعمى الصعيد النظري، فاف
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، تتداخؿ ضمف النتاج الشكمي الواحد، ويمكف (الشكؿ وفؽ نظرية الفوضى) لشكؿ الفوضويثلاث مفردات رئيسة تتعمؽ با
 : وىي, اعتمادىا في التوليد الشكمي للاشكاؿ الفوضوية

 .، والبحث لغرض التوضيح سيناقش كؿ مفردة عمى حدة(الدينامية ، التعقيد ، المرونة)
- :الدينامية 

لكنو يتطمب  إف حالة السكوف أو الاسترخاء ىي إحدى تعريفات التوازف،". عد عف التوازفحالات الب"تعرّؼ بأنيا الدينامية،    
وكي تبدأ ". مرحمة رجحاف مؤقتة"يُعَدُّ التوازف نادرًا في المنظومات الدينامية المعقدة أو نوعًا مف ". الاتزاف"أيضًا فكرة 

يرى بريغوجيف أنو كمما كانت المنظومة أعقد كانت . ازفالصيرورات الدينامية لا بدَّ أف تنحرؼ المنظومة عف حالة التو 
وعندما تصبح المنظومة عرضة لمتأثر بيذه . الفوضى والاضطرابات والتقمبات التي تيدد استقرار المنظومة أوفر عددًا
ومات تحدث التغيرات بشكؿ متعاقب في المنظو . الاضطرابات فإف متطمباتيا مف الطاقة تتعاظـ كي تحافظ عمى تماسكيا

المعقدة البعيدة عف التوازف، وتؤدي إلى تفكيؾ الرباط بيف القوى الداخمية التي تعطي المنظومة تماسكيا والقوى الخارجية التي 
ويتيح الرباط لممنظومة، في أغمب الأحياف، أف تعمؿ بسلاسة؛ ولكف عندما تتصاعد حدَّة الاضطرابات، . تمثؿ بيئة المنظومة
لاخطِّية مفاجئة، فتبدأ فوضى تتجاوز عتبات محددة، تبرز دلائؿ حادة عمى القمقمة، وقد تحدث " طضغو "وتخضع المنظومة لػ

رومية . )ويسبب الانتقاؿ أو الانزياح مف جاذب إلى آخر تضاربًا في سموؾ المنظومة. الأشكاؿ الحادة لمفوضى بسموؾ زائغ
 ( .1-2ص/8884

مومات، فالمقاييس الكمية لمفوضى طورت واستعممت مف خلاؿ علاقتيا أف دراسة دينامية الفوضى ترتبط بنظرية المع   
فعمى صعيد الانظمة المغمقة فقد وجد اف المعمومات تبقى محصورة داخؿ النظاـ ولا تستطيع . بنظرية المعمومات وتطبيقاتيا

اف . ؿ مع نفسيا في جميع الاقطابالانتقاؿ او اليروب ولكنيا تؤثر بالمجمؿ في ديناميكية النظاـ لاف الانظمة المغمقة تتفاع
اللاأستقرار الاساس في ىذه الانظمة مطمؽ والديناميكية محددة بمكاف واحد لذا فاف اغمب التجارب اثبتت اف الفوضى في 
ىذه الانظمة ليا مدى مكاني محدد، اما الانظمة المفتوحة فالمعمومات تدخؿ وتتدفؽ مف خلاؿ النظاـ بسيولة والديناميكية 

ـ لا ترتبط بمكاف محدد فاللاأستقرار يمتد خلاؿ النظاـ واي خمؿ في نقطة ما في النظاـ تسبب صخباً يؤدي الى لمنظا
 (.(Miller&Swinney2001/ p5-6. الفوضى بمرور الزمف 

ني اف احد في النظـ المفتوحة فاف ما يدخؿ في النظاـ قد يولد تراتيباً مفاجئة، كما تظير حالة التحفيز الذاتي، والتي تع   
ودور التحفيز الذاتي يثبت البنية ويبقى عمى استمرارية شكميا وتدفقيا، مف خلاؿ . انواع التفاعؿ يدخؿ دوره في انتاج ذاتو

ومثاؿ عمى ذلؾ الظواىر العضوية . مفيوـ الحمقات الاستراجيعية الموجبة والسالبة، مما يحقؽ صفة التوازف الديناميكي فييا
زف الديناميكي في استمرارىا، فالخلايا الحية محفزة ذاتيا، بمعنى انيا تستطيع انتاج مزيد مف انفسيا بينما فيي تعتمد عمى التوا

 .  Ho 2001/p118-120). .)تصوف ذاتيا في محيط متغير
مما سبق نستنتج توازن ديناميكي يحصل في الانظمة المفتوحة وبدون تحكم خارجي وىو يعمل ضمن مبادئ الاتصال  -

ويرى البحث أن . ادل و الاستجابة المشتركة معتمدا عمى اجزاء النظام التي تتشارك فيما بينيا للابقاء عمى الكلالمتب
، فمن خلال ىاتين المفردتين يتحقق مفيوم الدينامية (التحولات، كسر التناظر) دراسة دينامية الفوضى ترتبط بمفردتين 

 .لمشكل الفوضوي 
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 : أ الدينامية والتحولات
؛ لكف ىذا (الدينامية)تسبب تحولًا في المنظومة الفوضوية مف الاستقرار إلى اللااستقرار  أف التقمبات الخارجية أوالداخمية   

لايحدث بالضرورة بسبب أيِّ تحوؿ عاديٍّ يقع، بؿ إنو يعتمد عمى نمط وقَدْر التحوؿ أوالاضطراب، فضلًا عف درجة حساسية 
تحتاج  وفي بعض الأحياف قد. أف يؤخذ بالحسباف قبؿ أف تُعد المنظومة غير مستقرةىذا الأمر يجب ,المنظومة لمتأثر

التنافس بيف "ويتوضح ىذا مف خلاؿ. المنظومة إلى أكثر مف نوع مف الاضطراب كي تتحوؿ إلى حالة غير مستقرة
 .(8888الخوري)عتبةالاستقرار"حصيمة ىذا التنافس تحدِّد ,"الاستقرارمف خلاؿ الاستمرارية،واللااستقرارمف خلاؿ التحوؿ

وأف ىذه . أف العناصر الاساسية ترتبط في أي تكويف بعلاقات معينة في توليد أشكاؿ جديدة مف الاشكاؿ الاصمية   
فالدينامية تقع ضمف أي عممية تطور  .العلاقات ىي مؤشر وجود الدينامية في ىذا الشكؿ مما يعطيو أمكانية القدرة التوليدية

اف ذلؾ التطور شكمياً او مفاىيمياً ، وتظير الدينامية أثناء مراحؿ التطور ىذه بصيغة المفاىيـ الثانوية لتؤكد ونمو سواء ك
وأكتسب الشكؿ بفضؿ ىذا المفيوـ أمكانية الاستمرار في تكوينو وتطوره، فالشكؿ يعتمد بفضؿ الطاقة . وجودىا المستمر

القراءات المتعددة مف جية أو الانتقاؿ مف البنية السطحية الى العميقة مف الكامنة فيو عمى الاستمرار في تكونو مما يعطي 
جية ثانيةوتساىـ الدينامية في أبراز المعرفة المخزونة بفضؿ فعؿ المطابقة وعمميات المقارنة لتوليد التصاميـ 

 (.88ص/8884العبودي )الجديدة

ية أو دورية أو انكسار مع الحاجة لفضاء لمتحرؾ وزمناً والدينامية تمثؿ التحوؿ والانتقاؿ مف حاؿ الى حاؿ في خط   
 (. 81ص/8118مفتاح.د. )ولا تقود ىذه التحولات إلى تغيير الظواىر تغييراً كاملًا بؿ يحافظ عمى بعض منيا. لانجازه

تكويف الشكؿ ىناؾ أنواع عديدة لمتحولات حسب قواعد توليدىا الا أف علاقات التحوؿ المقيّسة تمثؿ القواعد الاساسية ل
والتي تتجسد ( 8)الفوضوي المجرد والتي ظيرت واضحة مف خلاؿ ما تـ ذكره سابقاً في أنواع الكسريات، وكما في الشكؿ 

 :بالعلاقات المنطقية الآتية 
  وتعتمد عمى تكرار شكؿ معيف عمى خط واحد: علاقة الانتقاؿ. 
  وراً وىو تكرار حوؿ نقطة معينة مح: علاقة الانحراؼ الدوراني. 
  وفؽ معامؿ ثابتعمى وىو تكرار مع تغير بالحجـ : علاقة المقياس. 

  وىو عممية تناظر حوؿ محور معيف: علاقة الانعكاس. 

 
 
 
 
 
 
 

 (.Lorenz 2002/ P90 -:المصدر.) سة التحولات المقيّ يبين انواع ( 1 )الشكل 

 علاقة المقياس        علاقة الانعكاس       علاقة الدوراف       علاقة الانتقاؿ                
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مما سبق يتبين ان العامل الاساس لحدوث الفوضى ىو اللاخطية، فكمما ابتعدت المنظومة الديناميكية عن اتزانيا  –
لسبب ما زادت اللاخطية، وبمرور الزمن سوف تتعدى نقطة او لحظة حرجة وتبدأ عندئذ الفوضى ويبدا وضع المنظومة 

طرق، تختار احدى السموكيات التي تحتاج الى اقل جيد ممكن وتدخل عندئذ مرحمة الفوضى الحتمية عمى مفترق من ال
  وتخمق فييا تراكيب منتظمة من خلال سمسمة من التحولات يزداد رقي تمك التراكيب كمما ازدادت الفوضى

 :( اللاتناظر)ب الدينامية وكسر التناظر 
لنظاـ الشكمي تقابؿ مفيوـ التوازف غير المتناظر، اما التوازف الستاتيكي فانو يقابؿ أف خصائص التوازف الديناميكي في ا    

اف التوازف في صفتو العامة يقرب البنية مف البساطة ويجعميا اسيؿ، لانو يقدـ العناصر بشكؿ وقائع . التوازف المتناظر
كمحاولة لمخروج مف عممية ( اللاتناظر)التناظر واضحة، الا اف ذلؾ قد يضعؼ القيمة الجمالية لمشكؿ لذا، جاء مفيوـ كسر

الادراؾ المباشر لمنظاـ الشكمي المغمؽ مف خلاؿ اضافة صفات ديناميكية متأتية مف تناسبية العلاقات بيف الاجزاء، أي ىو 
 (.62ص/8888لعاني ا.)محاولة للاقتراب مف التوازف الديناميكي في النظاـ الشكمي

أن ما . كسر التناظر رافقتيا زيادة في تعقيد الشكل فكمما قل التناظر كمما تزداد التعقيد مما سبق يتبين أن ظاىرة    
يحدث في المنظمومات الفوضوية يماثل ىذه الحالة فالنظام يتعرض الى ضغط او ظرف معين ويحدث تغيير داخمي وحالة 

الي زيادة التعقيد، وبذلك يتضح اىمية توظيف فوضى تنتج في النياية شكلًا ونمطاً جديداً من خلال فقدان التناظر وبالت
 .مفيوم اللاتناظر في توليد الانماط الشكمية 

- :التعقيد 
الفوضى تضع القيود حوؿ عممية . أف التعقيد يكمف في الفوضى وكذلؾ تكمف العشوائية والنظاـ داخؿ الشكؿ اليندسي    

ا يعطييا سمة ذوضوية لاعلاقة واضحة بيف السبب والتأثيروىالتنبؤ فكؿ شيء غير متوقع ممكف الحصوؿ، وفي الانظمة الف
مف العشوائية الانظمة الحتمية البسيطة مع بضعة مقومات وعناصر يمكف اف تولد سموكا عشوائيا اساسياً ليا وىذه العشوائية 

رية لمنظاـ الفوضوي أف النظاـ الفوضوي يتحوؿ مف نمط الى اخر بشكؿ مستمر وىذا يولد العشوائية الظاى. تدعى بالفوضى
والتي تمثؿ السطح الخارجي لمنظاـ ويختفي تحت ىذا التقمب الفوضوي تركيب منظـ ومعقد يحوي  عدداً لا نيائياً مف 
الحركات الدورية او المدرات غير مستقرة التي يمكف اف تنتقؿ مف وضعية الصفر لحركة مدار ما الى نوع حركة جديد 

الفوضى تبيف  .سيطرة عمى الفوضى يغمؽ النظاـ عمى نوع معيف ومتكرر مف حركة واحدة ومتغير وبسرعة كبيرة ولغرض ال
فتفاعؿ المكونات عمى . اف النظاـ ممكف اف يتحوؿ الى سموؾ معقد مف خلاؿ التفاعؿ اللاخطي البسيط لبعض مكوناتو

نية وضع التغييرات السريعة مقياس واحد ممكف اف يؤدي الى سموؾ معقد جداً عمى مقياس كبير، فالفوضى تزود امكا
 (.(Miller&Swinney2001 p/10-11 والمتطورة تحت السيطرة 

رى في العديد مف الانظمة التي تطور تكوينات معقدة ناشئة في منطقة يُ  أف مفيوـ حافة الفوضى وعلاقتيا بتعقيد الطبيعة    
منطقة التناقض بيف الفوضى والنظاـ حيث يكوف  والتي تمثؿ( حالة الفوضى)الانتقاؿ بيف النظاـ والفوضى والتي تدعى 

أف التشعبات او التفرعات تسعى الى تقديـ تركيب جديد وتعقيد متزايد وخصوصاً عند الانتقاؿ مف الفوضى . التعقيد ظاىراً 
 (.p /2004 fielder & king (496-88.الى النظاـ وفي الديناميكية تسمى ىذه الظاىرة حافة الفوضى
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قد تختار . ، حيث تُصنَع الخيارات أو الممكنات(مجاؿ افتراضي)مة في مرحمة التشعُّب إلى منطقة افتراضية تدخؿ المنظو   
في ىذه المرحمة تُصنَع الخيارات المستقبمية . المنظومة ىنا الجاذب الأكثر تأثيرًا، أو يمكف أف تقفز مف جاذب إلى آخر

ف تعيد المنظومة تنظيـ ذاتيا في مستوى أعمى مف التعقيد أو تنحؿ فإما أ: لممنظومة؛ وتسمى المرحمة بالفوضى العميقة
وىو مصطمح يعني . ، وىي الموضع حيث تحصؿ الأحداث التحوليةtransientتدعى مرحمة التحوؿ الطَّوري بػ. وتتلاشى

المنظومة بكامميا ينتج عف داخميا ولو آثار تحولية؛ أمَّا عمميِّا فإنو يعني إشارة إلى تذبذب أو اندفاع  نظريِّا أف ىناؾ مؤثرًا في
مفاجئ، قد تستقر المنظومة بعد التشعُّب في نسؽ دينامي جديد يحوي مجموعة مف الجواذب الأكثر تعقدًا و فوضوية ؛ لذلؾ 

 : ؾ ثلاثة ضروب مف التشعبىنا ,فيي تصبح أكثر تعقيدًا مف حالتيا الابتدائية
 . يكوف التحوؿ فيو سمسًا : ىادئ. 8
 (.6ص/8884رومية ( . يكوف التحوؿ حادِّا، والنتيجة مزيد مف الاضطراب: كارثي. 8
 . يكوف التحوؿ مفاجئًا، وتتحكـ فيو عوامؿ متقطعة تقمب المنظومة وتدفعيا مف نظاـ إلى آخر: انفجاري .8
خلاؿ مبدأ  وتتمثؿ فكرة التشعبات مف  

Cantor  ،في التوليد الشكمي المعتمد مف توليد العديد مف الاشكاؿ الكسرية
في التوليد والذي يبدأ بخط مستقيـ بطوؿ معيف، ثـ يستبدؿ بخطيف ( Cantor)تتبع مبدأ ( IFS)فالاشكاؿ المتولدة عمى وفؽ 
وكما مبيف في الشكؿ . يف بآخريف جديديف وىكذامف الخط الاوؿ، ثـ يستبدؿ كؿ مف الخط 8/8جديديف طوؿ كؿ منيما يمثؿ 

 (8( .)Bovil 1996/ p9.) 
في المجرات الفمكية  في توليد العديد مف الكسريات ويتمثؿ مف الطبيعة كتوزيع النجوـ وتجمعاتيا( Cantor)أ يعتمد مبد  

 ." ادئ المولدالشكؿ الب"ويسمى الشكؿ الاصمي الداخؿ في التوليد .وفي العديد مف الظواىر الطبيعية
 

 

 

  

 (. Bovil 1996/ p9 -:المصدر. )في التوليد الشكمي( Cantor)يوضح مبدأ ( 0)لشكل ا

- :تتميز  Cantorمما سبق نستنتج ان عممية التوليد عمى وفق  -
 التشابو الذاتي من المقياس الكبير الى الصغير. 
  ان تجمع النقاط عمى وفقCantor ة مع اضافة عامل العشوائيةيشبو تجمعات الانظمة الطبيعي. 
والذي يمثل بالتالي مقياساً لتعقيد الشكل ( بالتشابو الذاتي)وبذلك تقود التشعبات في الشكل الفوضوي الى توليد ما يسمى  

 :ويرى البحث ان تعقيد الشكل الفوضوي اثناء عممية التوليد الشكمي تعزى الى ظاىرتين رئيسيتن ىما.الفوضوي
 .والتي تدفع بالشكل الى التشابو الذاتي من خلال آلية التكرارظاىرة التشعب  -8
 .ظاىرة الامتداد والطي -0
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 :أ التعقيد والتشابو الذاتي 
التشابو الذاتي يعني انو عند توليد شكؿ ما عمى وفؽ مجموعة تحولات تخضع لنسب معينة وفقاً لمعامؿ مقياس معيف، اف    

فيذه التحولات . اكبر اـ مدوّر ستبقى خصائصو كما ىي مف حيث النسب والزوايافاف الشكؿ الجديد سواء كاف اصغر اـ 
الناتجة مف ىذه التحولات تكوف  Fractalأف . تظير وكأنيا قد تـ استنساخيا بتكرارات معينة حتى يتولد الشكؿ النيائي

 . (Lorenz 2002 /p 10. )حقيقية وتبقى خوارزمية تكوينيا ىي ذاتيا بتغير مقاييس الشكؿ نفسو
وقد عمد الى توظيؼ ىذه  ،اكتشؼ ماندلبروت ومف خلاؿ معادلتو اف عممية التكرار المستمرة ستولد نتيجة فوضويو    

المعادلة لتوليد اشكاؿ جديدة مف خلاؿ استعماؿ تقنيات الحاسوب فتوصؿ الى توليد مجموعة مف الاشكاؿ التي اتسمت 
فقاً لمختمؼ المقاييس، فعند تكبير أي جزء مف الشكؿ فاف النتيجة ستكوف نفس بالتعقيد الشديد نتيجة التشابو الذاتي و 

 الخصائص الشكمية لمشكؿ الكمي، أي بتعبير آخر فانو عند التكبير جزء ما تكوف التفاصيؿ ذاتيا لاي جزء اخر،
(Lorenz2002  /p 13) . 

ي كقمعة ديؿ مونت فيي متكونة مف شكؿ مثمف رئيس العديد مف المباني في حقؿ العمارة تعكس في تصاميميا التشابو الذات
كما . في الوسط والابراج ذات الشكؿ المثمف الاضلاع عمى الحافات، وىو بذلؾ اعتمد التكرار لمشكؿ مع اختزاؿ المقياس

 (.أ-8) مبيف في الشكؿ
 
 
 
 
 
 
 

 ة ديل مونتيوضح التشابو الذاتي في قمع (أ-3)الشكل                                     
    
مبدأ سواء عمى ىذا الالعمارة اليندية ايضاً اعتمدت ,العديد مف الكاتدرائيات لمعمارة الغوطية تعكس مفيوـ التشابو الذاتي 

 (.ب-8)الشكؿ وكما موضح مف خلاؿ( rajarani)صعيد المخططات كمخطط تاج محؿ اوعمى الواجيات كما في معبد
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 (Lorenz 2002/ P69 -:المصدر) .ين التشابو الذاتي في الكاتدرائيات الغوطيةيب( ب-3)الشكل

مما سبق نستنتج ان التشابو الذاتي يتولد من خلال التكرار وىذا يعني ان اعتماد بعض الصيغ او المبادئ اليندسية    
اليندسية معادلة ماندلبروت والتي  ومن الامثمة عمى تمك القوانين. وبصورة تكرارية سيولد نتائج لحسابات واشكال جديدة

تنتج اشكال فوضوية من خلال التكرار لمتحولات، ويرى البحث انو بالامكان عكس ىذا المفيوم في حقل العمارة لتوليد 
 .اشكال جديدة، وىذا ىو ىدف البحث 

 التعقيد وظاىرة الامتداد والطيب .0.6
لطي البسيطة التي تحدث في الفضاء، فالمدارات ايـ عمميات الامتداد و إف المفتاح لفيـ سموؾ التعقيد الفوضوي يكمف في ف  

في الفوضى الجاذبة تختمط ببعضيا البعض مف خلاؿ ىذه العمميات، وبالتالي تنتج ىذه المدارات الفوضوية العشوائية، 
نياية، وبذلؾ فأف الشكؿ وعمميات المد و الطي ىذه تحدث مرارا وتكرارا، فتخمؽ طية ضمف الطية وبشكؿ مستمر الى ما لا 

 . الفوضوي يعطي تفاصيلا اكثر بينما ىو يكبر عمى نحو متزايد
أف عمميات الامتداد والطي الفوضوية تزيؿ المعمومات الاولية بشكؿ منظـ وتستبدليا بمعمومات جديدة فالامتداد يزيد    

المنفصمة عف بعضيا ويزيؿ المعمومات المتعمقة بيا، اللاثبات واللااستقرار عمى نطاؽ واسع، والطي يجمع المدارات البعيدة و 
أف الانظمة الدينامية اللاخطية تنتج انماط التعقيد مف خلاؿ امتداد وطي .وبذلؾ ينتج كُؿ جديد ومعقد وبمصطمحات جديدة

شوائية  بمرور الاشكاؿ عمى نحو تكراري، لذا فالديناميكيا تعرؼ بانيا تسمسؿ المسار الحتمي للاشكاؿ التي تبدو وكانيا ع
 ( .(Miller&Swinney2001 p/5-8 .الزمف، وتعطي احتمالات انتقالية متعددة

 .يُعزي البحث التشكيلات العضوية والجواذب الغريبة للاشكال الفوضوية الى ظاىرة الامتداد والطي للانظمة الفوضويةو 
ر المستمر والدينامي، فالعضوية ىي فكرة النظاـ أف الظواىر العضوية ىي ظواىر نامية والنمو يحمؿ صفة التجديد والتغيي 

في ( الجزء)المفتوح ذي خصائص تعقيدية وتوازف دينامي ولا تتمثؿ في علاقات شكمية ثابتة، وتُظير أىمية العنصر الجزئي
 التشكيؿ المعماري، مما يؤدي الى التمايز الفردي للاجزاء تشابؾ العلاقات بينيا وظيور خصائص التنوع والتعقيد

 ( .99ص/8888العاني .)والتغير
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ويميؿ سموؾ المنظومات . والجاذب الطارئ ىو أنموذج لممسار الذي يرسمو سموؾ المنظومة عندما نعبِّر عنو تخطيطيِّا   
؛ وىو يعبِّر، مف "الجاذب"يسمى ىذا الانقباض بػ. اللاخطِّية إلى التقمص أو الانقباض ضمف مناطؽ محددة مف فضاء الحالة

 (.1ص/8884رومية ".)مجموعة مف النقاط التي تتقارب جميع المسارات متجيةً نحوىا"الفعمية، عف  الناحية
مما سبق نستنتج ظاىرة الامتداد والطي تمثل مجموعة من التحولات التي تنقل الشكل من حالة الانتظام المتمثمة في  -

وأن الانظمة الفوضوية . العضوية والجواذب الغريبةالتشكيلات اليندسية الى حالة غير منتظمة المتمثمة في التشكيلات 
تخمق عشوائيتيا الخاصة ذاتيا وبدون أي مساىمة او عشوائية خارجية عن النظام، أن العشوائية ىذه تحدث بسبب 

 .التعقيد المتولد نتيجة لعمميات الامتداد والطي لمنظام
 -:المرونة 

اف صفة المرونة . مي وىي متأتيو مف طاقة التشكيؿ وتعبيريتو الديناميكيةىي صفة مدركة حسياً او ذىنياً في الناتج الشك  
في الشكؿ تظير مف خلاؿ الطاقة الكامنة التي يحمميا الشكؿ والتي تمكنو مف التقولب ضمف اخر تشكيمة جديدة ىذه 

فالتشكيلات العضوية مثلا  التشكيلات المتكونة تكتسب تميزىا مف خلاؿ مقارنتيا بالشكؿ المرجعي الذي تـ اشتقاقيا منو،
 (.18ص/ 8888العاني . )تمثؿ تشكيلات ذات قيمة ومرونة عالية انطلاقا مف خصائصيا الشكمية وتنوع تجمياتيا

والمرونة ىي صفة واقعة في النظاـ الكمي لمظاىرة، وىي التي تجعؿ النظاـ يتصؼ بصفات التغيير، التجديد، الديناميكية    
 -:نوعيف وىي تقسـ عمى. والتحرؾ

 .لتعقيدا وىي المرونة النظامية المتحققة بعد تكوف النظاـ وتظير عادةً في النظـ البسيطة: المرونة النظامية البسيطة -8
ىذه المرونة تتجمى مف خلاؿ . وىي المرونة النظامية المتحققة خلاؿ عممية تكوف النظاـ -:المرونة النظامية المعقدة  -8

. في عممية تكوف النظاـ وسير ىذه العممية بطرائؽ لاخطية مع ظيور صفات النمو والتجددكثرة المتغيرات الداخمة 
 (.80ص/ 8888العاني ).  وتتحقؽ ىذه المرونة في النظـ المتطورة، كالنظـ العضوية والظواىر الطبيعية

 -:ؿ ويرى البحث أف مرونة الشكؿ عمى وفؽ نظرية الفوضى ىي مرونة نظامية معقدة، تتحقؽ مف خلا 

 . الحساسية لمشروط الاولية -ب   .التنظيـ والتكيؼ الذاتي -أ
 أ المرونة و التنظيم الذاتي

يرتبط التنظيـ الذاتي بالظواىر اللاخطية الاكثر تعقيدا بدلا مف العمميات البسيطة، والظواىر اللاخطية يمكف اف تكوف     
لعكسية، ويحصؿ تغيير داخمي بيف اجزاء النظاـ، وقد يخمؽ انماطاً مفيومة ببساطة خلاؿ تفاعؿ ايجابي سمبي لدورة التغذية ا

، والتي تتطور بسرعة الى اف تصؿ الى تراتيب مستقرة، وبذلؾ فحالة الفوضى التي تصؿ الييا الانظمة تعد "فوضى"معقدة 
 (.(Miller&Swinney2001/p4 .النظاـ وقتية وتعود الى نظاـ اعمى عند عمميات تعويض الحالة مف خارج نفس

، (الانفتاح، المرجعية الذاتية) أف التنظيـ الذاتي ىي واحدة مف أىـ مفاىيـ نظرية الفوضى، وىي تتجمى مف خلاؿ مفردتيف   
فالانفتاح يعني أف النظاـ لابد أف يكوف مفتوحاً مع بيئتو، وأف عممية تمقي المعمومات تصبح متزايدة لمواكبة حالة التغيير 

الامكاف الى نوع مف التوازف الخاص بالنظاـ، فسمة التنظيـ الذاتي تعزز مف تطور النظاـ وتدفعو نحو ومحاولة الوصوؿ قدر 
شكؿ جديد، بشرط أف يكوف النظاـ مفتوحاً، فتكوف امكانية التغيير عندئذ كبيرة، والمرجعية الذاتية ىي مف خصائص التنظيـ 

بالرغـ مف التحولات والتغييرات التي يمر بيا، وىو بيذا يحافظ عمى الذاتي التي تسمح لمشكؿ أف يحافظ عمى تركيبو وىويتو، 
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خاصية الانتظاـ لمنظاـ، فالتغيير لايعني أف يكوف الشكؿ عشوائياً ولايؤدي الى حالة جديدة غريبة، بؿ لابد أف تشير الى 
 . ) Reigeluth 2004/p10. )النظاـ الأصمي وتكوف نابعة منو

والتكيؼ الذاتي بعيدا عف التخطيط المنظـ الكمي، يدفع بالشكؿ المعماري اف يكوف في حالة اف الاعتماد عمى التنظيـ   
    (March 2000/p65). .في المستقبؿللاتوازف بعيدا عف الاستقرار مما يدفع بالنظاـ الشكمي المعماري لصعوبة التنبؤ بو ا

ية المتكيفة، ومقدار تكيف النظام لمتغييرات الداخمية مما سبق نستنتج أن ظاىرة التنظيم الذاتي ىي سمة الانظمة الفوضو 
 .الحاصمة ىو أشارة الى مرونتو

 المرونة والحساسية لمشروط الاوليةب .

أف اكثر العمماء او الميندسيف و المصمميف في الماضي عدوا حساسية النظاـ الفوضوي لمشروط الاولية شيئاً لابد اف   
ي او تصميـ وبناء جسر لا بد اف تكوف العممية موثوقة ومتوقعة لذا حاولوا تصميـ الانظمة يتفادوه وانو لانجاز تفاعؿ كيميائ

الفوضى ليا فائدة عظيمة فيي تسمح لمرونة التصميـ بالنسبة نظرية اما اليوـ فبات واضحا اف . التي تتجنب الفوضى 
يرة، فالعمماء اليوـ يؤكدوف اف الحالة لمصممي الانطمة وتعطي النظاـ احتمالات لمتكيؼ بسرعة اكبر لمحاجات المتغ

المستقبمية لمنظاـ الفوضوي ممكف اف تعدؿ جوىريا بتغيير صغير جدا وبذلؾ نستطيع اف نغير حالة النظاـ ونوجيو الى ما 
 (. (Miller&Swinney2001/P10-11  .نرغب بتحقيقو

ظروؼ، فيقود بالتالي الى نفس النتائج، ىذا المبدأ أف سموؾ النظاـ الذي يحمؿ مف التكرار لنفس شروط البدء وتحت نفس ال  
يعرؼ بالسببية الضعيفة، ولكف مف المحتمؿ أف البدء بشروط متقاربة وليس متطابقة نفسا قد يؤدي الى اختلافات في النتائج 

ذي اطمؽ عمييا فيما كبيرة، ىذا المبدأ يعرؼ بالسببية القوية وىو ما يتمثؿ في أنموذج معادلة الطقس التي وضعيا لورينز وال
وقد وجد عمماء الفيزياء والرياضيات اليوـ أف مفيوـ تاثير الفراشة قد اعطى مفيوماً جديداً لمعالـ كونو . بعد بتاثير الفراشة

 /Lorenz 2002) مكاف متوازناً بيف النظاـ الكمي عمى وفؽ القوانيف البسيطة والفوضى الكمية، فالظاىرة متواجدة في كؿ

P14)  . 
ويرى البحث أنو لابد من توظيف ىذا المفيوم لنظرية الفوضى في العمارة والتي ىي مرأة العصر والمجتمع، لذا فترجمة    

 .تخطيط المباني والمدن ىذه المعرفة الجديدة تتحقق من خلال تعزيز المرونة في
 :استنتاجات المحور الثالث 

 والتي (اللاتناظر)الدينامي وذلؾ مف خلاؿ كسر التناظر  اف الشكؿ عمى وفؽ منظور نظرية الفوضى يتصؼ بالتوازف ،
تجعؿ الشكؿ نظاما مفتوحا قابلا لمتقولب ضمف علاقات وتشكيلات متغيرة وجديدة، ويعد التحوؿ المفتاح لذلؾ فيو يمثؿ 

 داخميةعممية تغير الشكؿ ويصؿ بوساطتو الى مرحمة القصوى او النيائية مستجيبا لذلؾ لعدد مف الديناميكيات ال
 .والخارجية لمشكؿ نفسو، مف خلاؿ اعتماد علاقات التحوؿ المقيسة، وعميو فاف الشكؿ الفوضوي ىو شكؿ دينامي

  اف التعقيد يعزز النظاـ في النتاج الشكمي الفوضوي، ويعتمد مستوى التعقيد الشكمي عمى العلاقة بيف العناصر المكونة
 .واليندسيات المعتمدة في النظاـ الشكمي
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 ية نقطة التشعيب في الشكؿ الفوضوي كونيا تمثؿ نقطة التحوؿ الطوري، فتتشعب المنظومة وتدفع بالشكؿ أما الى أىم
البحث فيما يتعمؽ بالتوليد الشكمي، او الى الانحلاؿ في ىذا حالة مف النظاـ الجديد عبر التنظيـ الذاتي وىو ما ييمنا 

 . تحت تأثير التحولات المستمرة والتلاشي، فيي تؤدي الى تغيير غير متوقع لمشكؿ
  الاشكاؿ العضوية والجواذب الغريبة تمثؿ أنماطاً ذات بنية ىندسية متشابكة ومعقدة، معتمدة في عممية التوليد الشكمي

 .عمى فكرة الامتداد والطي لنظرية الفوضى 
 صاحبة لمرونة عالية مف خلاؿ الم خصائص الشكؿ الفوضوي اللاخطية تدفع بالشكؿ الى أف يكوف في حالة عدـ التوازف

 .القدرة عمى التكيؼ الذاتي مع المتغيرات الجديد، وبالتالي يحصؿ التنظيـ الذاتي 
  وكذلؾ الحساسية لمشروط الاولية، لذا فاف ( التنظيـ الذاتي)أف مرونة الشكؿ الفوضوي تعزى الى مقدار تكيفو الذاتي

ؤ للاشكاؿ الفوضوية، وىذه المرونة تسمح لمشكؿ بتحمؿ المتطمبات مرونة الشكؿ والتشكيؿ تعزز مف عدـ القدرة لمتنب
 .المتقمبة والمتغيرة 

 العممية  مف كؿ ما تـ ذكره مسبقاً استطاع البحث تكويف رؤية واضحة عف كيفية التعامؿ لنظرية الفوضى ضمف
ثو الفصؿ الرابع ىو الفيصؿ التصميمية لتوليد الاشكاؿ المعمارية بشكؿ نظري، ويبقى الجانب التطبيقي والذي سيبح

 .مدى إمكانية تبني وسائل جديدة لتوليد الأشكال المعمارية ؟ : للأجابة عف السؤاؿ والذي منو بدأ البحث وىو
 

 :الدراسة التطبيقية : المحورالرابع 
ظرية الفوضى ولغرض أجراء الدراسة العممية، لابد مف صياغة مجموعة تصورات أفتراضية، لاستكشاؼ خصوصية التعامؿ لن

يمكن توليد أشكال جديدة في حقل العمارة من خلال توظيف )  -:وعميو تـ صياغة فرضية البحث الرئيسة .في حقؿ العمارة 
 ( .مفاىيم نظرية الفوضى 

ذات ويتطمب أختبار الفرضية الرئيسية لمجزء الثاني مف المشكمة البحثية إلى تجزئتيا لعدد مف التصورات الافتراضية الثانوية 
- :العلاقة بالشكؿ وتوليده وفؽ نظرية الفوضى وكما يأتي 

 .يمكن توظيف المفاىيم العممية لنظرية الفوضى لتوليد اشكال معمارية جديدة بالاستعانة بالبرامج الحاسوبية 
 التطبيق العممي 

ليد الشكمي لمنظرية لتوليد سيتعرض التطبيؽ العممي الى توظيؼ المفاىيـ العممية لنظرية الفوضى مف خلاؿ مفردات التو 
أشكاؿ معمارية جديدة، وذلؾ بالتوصؿ لصيغة برمجة خاصة لبرنامج حاسوبي توظؼ تمؾ المفردات والبرنامج المنتخب 

(Form)لتحقيؽ ىذا اليدؼ برنامج 
تعتمد فكرة البرنامج عمى مفيوـ التحولات في التوليد الشكمي وىو ما يتبناه البحث في ,  

شكمي عمى وفؽ نظرية الفوضى، فالبحث يفترض إف التحولات تنُشِئ حالة أختلاؿ التوازف والحركة لمنظاـ، لذا أطار التوليد ال
فميا تعزى دينامية الشكؿ الفوضوي، وتدفع ىذه التحولات النظاـ الى أعمى مستويات التعقيد، فتحقؽ بذلؾ تعقيد الشكؿ، ومف 
                                                           

 
وهى برَايج يتخصص نهرسى وتىنيد ألاشكال انعضىية، ويستعًم في يجال انفٍ، وهى يعًم عهى َظاو انتشغيم Form  2برَايج    

DOS فبعد إٌ تتى بريجة انشكم عهى وفق برَايج ،Visual Basic اشة انبرَايج وبانتاني يتىند انشكم،  يتى تطبيق انبريجة في ش

ًى انبرَايج يٍ قبم   ،    6الاصدار انًىظف في انبحث هى ،Andrew Rowbottom (rummy@snaffle.demon.co.uk)ص 

 .  http://www.netlink.co.uk/~snaffle/form/form.html انًىقع في انشبكة اندونية نهًعهىيات 

mailto:rummy@snaffle.demon.co.uk
http://www.netlink.co.uk/~snaffle/form/form.html
http://www.netlink.co.uk/~snaffle/form/form.html
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وفيما يختص بالتوليد الشكمي . بأخرى جديدة،تعزز مف مرونة الشكؿ خلاؿ أحداث تغيير داخمي واستبداؿ أجزاء لمنظاـ
 .أىـ الايعازات التي ستوظؼ وطرؽ برمجتيا ( 8)سيستعرض البحث في الجدوؿ 

 (.أعداد الباحثة: المصدر).   Form يبين ايعازات برمجة الاشكال لبرنامج( 1)الجدول 
 طريقة البرمجة الايعازات

ايعــاز  - :Stack ، وىػػو يمثػػؿ مقػػدار  وىػػو يعنػػي  كومػػة أو متكػػوـ
. التكرار لمشكؿ، ويعبر عف حالة الانتقاؿ في التحولات  STACK number_in _ number % 

ايعــاز  - :grow ويمثػػؿ تغيػػر المقيػػاس لمشػػكؿ، أي بمعنػػى آخػػر  
.تعبر عف حالة التدرج في المقياس لمتحولات  

GROW    size 

ايعاز  - :twist ي أو المػؼ لمشػكؿ حػوؿ وىو يشير إلى مقدار المّ  
نفسػػػػو بزاويػػػػة معينػػػػة، وىػػػػو يعبػػػػر عػػػػف حالػػػػة الػػػػدوراف لمشػػػػكؿ فػػػػي 
.التحولات  

TWIST   angle [ , displacement] 

ايعــاز - :bend ويمثػػؿ مقػػدار إنحنػػاء وطيػػو لمشػػكؿ حػػوؿ محػػوره  
.العمودي وفؽ زاوية معينة  BEND    angle 

وىي كما أوامر تخص توليد مجموعة مف التكوينات الشكمية  -
:يأتي  

 :Box  ويشير إلى توليد المكعب. 

 Sphere : ويشير إلى توليد الكرة. 

 Ellipse : ويشير إلى توليد الشكؿ البيضوي. 

 Torus :ويشير إلى توليد الاشكاؿ المستديرة الحمقية. 

 Cone : ويشير إلى توليد المخروط. 

 
 

 box(vector)(vector gives x, y, z 

size) 

 sphere(radius) 

 ellipse(radius)-

ellipse(widht,height) 

 torus(minradius , maxradius) 

 cone(baseradius, height) 
 

يبيف منيج البحث التطبيقي بتوظيؼ مفردات التوليد الشكمي لنظرية الفوضى وأسموب ترجمتيا إلى اشكاؿ  (0)والجدول 
 .جديدة وفؽ ايعازات البرنامج 
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(.أعداد الباحثة: المصدر). مفردات التوليد الشكمي لنظرية الفوضى يوضح أسموب تجسيد( 0)الجدول   

مفردات التوليد الشكمي 
 الرئيسية

مفردات التوليد الشكمي 
 الثانوية

 أسموب تجسيد مفردات التوليد الشكمي في البرمجة

 الدينامية

 التحولات 

 

  كسر التناظر 

  وتتحقػػػػػػػؽ مػػػػػػػف خػػػػػػػلاؿ توظيػػػػػػػؼ الايعػػػػػػػازات(Stack ،grow ،
twist ) في التوليد الشكمي. 

  وتتحقػػػػؽ باللاخطيػػػػة باسػػػػتعماؿ معػػػػادلات لاخطيػػػػة فػػػػي التوليػػػػد
 .لمشكؿ x,y))الشكمي كمعادلة ماندلبروت والتي تمثؿ قيـ 

 التعقيد

 التشعيب 

 
 

 الامتداد والطي 

  ويتحقػػػػؽ بالتشػػػػابو الػػػػذاتي مػػػػف خػػػػلاؿ التكػػػػرار وتػػػػدرج المقيػػػػاس
( Stack ،grow ،twist) لمشكؿ النيائي باستعماؿ الايعازات

. 

  وتحقػػػؽ العضػػػوية لمشػػػكؿ مػػػف خػػػلاؿ ألانحنػػػاء وألانبعػػػاج لطػػػي
لتحقيؽ ىذا اليدؼ، و يرى  bendالشكؿ ومبدئياً يوظؼ إيعاز 

 . البحث إف التحولات التكرارية نفسيا تحقؽ ذات اليدؼ

 المرونة

  الحساسية لمشروط
 ألاولية

 

 التنظيم الذاتي 

 ر البحػث ىػذه المفػردة وتحقؽ عدـ القدرة لمتنبػوء لمشػكؿ، وسػيختب
مػػػف خػػػلاؿ تغيػػػر الاشػػػتراطات الاوليػػػة البسػػػيطة لمتوليػػػد الشػػػكمي 
والتي يفترض البحػث إنيػا سػتدفع إلػى نتػائج مختمفػة، مػف خػلاؿ 

 .توليد أشكاؿ مختمفة 

  ويتحقػػؽ مػػف خػػلاؿ مقػػدرة الشػػكؿ لمتكيػػؼ الػػذاتي تبعػػاً لمتغييػػرات
لاشػػتراطات الداخميػػة الناتجػػة مػػف التحػػولات التكراريػػة عمػػى وفػػؽ ا

الاوليػػة المتغيػػرة، وعميػػو فالبحػػث يفتػػرض إنيػػا تتحقػػؽ ضػػمناً فػػي 
التوليػػػػػد الشػػػػػكمي فػػػػػي حػػػػػاؿ تحقػػػػػؽ الحساسػػػػػية لمشػػػػػروط ألاوليػػػػػة 

 .لمشكؿ، وبذلؾ فيي تعزز مرونة الشكؿ 
 

ا تـ وبتوظيؼ مفردات التوليد الشكمي وكم  Visual Basic الخطوة الاولى تتـ مف خلاؿ برمجة الشكؿ عمى وفؽ برنامج
، DOSثـ يتـ تطبيؽ البرمجة في شاشة تطبيؽ البرنامج و التي تعمؿ عمى نظاـ التشغيؿ   ،( 8)توضيحو آنفاً في الجدوؿ 

ويتولد الشكؿ تِبعاً لتمؾ البرمجة، والبرنامج يعطي امكانية احداث التغييرات الداخمية لمشكؿ المتولد، مف خلاؿ ادخاؿ عامؿ 
بة لابعاد الشكؿ وصيغة توليده، فيتـ مف خلاليا تغيير الاشتراطات الاولية لذات الصيغة، وبذلؾ العشوائية وبقيمة معينة مناس

 .Formيبيف عممية البرمجة والتوليد الشكمي عمى وفؽ برنامج ( أ -4/4)تتولد الاشكاؿ الجديدة، والشكؿ 
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c = 0.286691; 
x = 1.46848 ;                                      (8)رمجة الشكؿ ب   
z = 0.294029 ;                                
y = x^ 2*c ; 
form1=box < x ,y , z>  stack 5.00659 in 12.9099% 

 grow 0.26021 twist 70.2012 bend -11.9502 ; 
form2 = sphere ( 0.00979873 ) stack 0.720956 ; 
form2 & [form1] stack -10.4662 in 31.8975% 

 twist -178.993 grow 1.5 bend 31.8788 ; 
end ; 

 

                        
c = 0.12347; 
x = 5.519; 
z = 3.305                                              ( 8)برمجة الشكؿ      
y = x^ 2*c; 
form1 =box < x ,y , z>  stack -3.35 in -18.18% 

 grow -0.062122 twist 51.02 bend -0.24; 
form2 = sphere ( -0.217 ) stack 11.55; 
form2 & [ form1] stack -45.37 in 9.86%  

twist -604.6 grow 1.5 bend 3.856; 
end;  
 

 

 

 
 
c = 0.255522; 

x = 1.96637; 

z = 0.312559;                                  (8)برمجة الشكؿ      
y = x^ 2*c; 
form1 =box < x ,y , z>  stack 4.0876in -0.3374% 

grow 0.308059 twist 68.0462 bend -0.186065; 
form2 = sphere ( 0.165158 ) stack 0.0632649; 
form2 & [form1] stack -10.6327 in 2.75727% 

 twist -184.708 bend 8.28481; 
end; 

 

                     
c = 1.04062; 

x = 0.971115;   

z = 0.08913;                                          (4)برمجة الشكؿ    
y = x^ 2*c; 
form1=box < x ,y , z>  stack 0.58313in -4.6836% 

 grow -1.31832 twist -27.4293 bend 0.192949; 
form2 = sphere ( 0.106549 ) stack 0.976013; 
form2 & [form1] stack -39.4069 in 4.81083% 

 twist 515.032 bend -0.352846; 
end; 
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 .(أعداد الباحثة). Form وفقاً لبرنامج يبين عممية البرمجة والتوليد الشكمي لمجموعة أشكال ( 4)الشكل 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 Form .  وفق برنامجعمى  نظرية الفوضىتجسد مفردات التوليد الشكمي لمجموعة أشكال ( أ-4)الشكل

(.تم التوليد الشكمي باستعمال البرنامج من قبل الباحثة: المصدر)  
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 النتائج المرتبطة بالمرحمة الثانية لمتطبيق العممي
، واستعارتو مف حقؿ الفف وتطبيقو في حقؿ العمارة كوسيمة توليد للاشكاؿ Formتعرض البحث إلى الاستعانة ببرنامج    
وىذا بالتالي يحقق فرضية لمعمارية مف خلاؿ توظيؼ مفردات التوليد الشكمي لنظرية الفوضى في برمجة صيغة التوليد ، ا

 .البحث الثانوية
- : Form  برنامج  وفيما يأتي سيتـ استخلاص نتائج البرمجة والتي توصؿ إلييا البحث مف خلاؿ توليد الاشكاؿ وفؽ  
  ايعاز:Stack فكمما ازدادت قيمة التكرار لمشكؿ وىو يمثؿ مقدار ، Stack زادت الكتؿ المتكومة وصَغُرَ حجـ الشكؿ

، وكمما كانت القيمة أقؿ يظير الشكؿ أكبر وتتداخؿ العلاقات (طريقة التكوـ)وقمت تفاصيمو وقؿ ترابط الاجزاء بعضيا ببعض
 .أكثر، فالتكوـ يظير واضحاً والشكؿ يأخذ ابعاداً أكبر بحسب القيمة 

   ايعاز:grow  وتمثؿ مقدار التغير بحجـ الشكؿ، فكمما كَبُرت قيمة grow  كَبُر الشكؿ المتولد وقمت تفاصيمو أي
بمعنى يزداد حجـ الشكؿ، واظيرت نتائج البرمجة إنو يفضؿ أف تكوف القيمة صغيرة جداً وبمراتب عشرية فتعطي تفاصيؿ 

فيحصؿ عندىا نوع مف الاستقطاع وانفصاؿ التكوينات في الشكؿ ( -)أو سالبة )+( أكثر، ويمكف أف تكوف القيمة موجبة 
 .عف بعضيا البعض 

  ايعاز:twist الشكؿ والتفافو واجزاءه حوؿ نفسو بمقدار قيمة الزاوية، واظيرت النتائج إنو  و يشير إلى زاوية دوراف
يدور باتجاه عقرب الساعة أو موجبة ، وممكف أف تكوف القيمة سالبة ف(درجة 868)يفضؿ أف تكوف أقرب إلى أو أكبر مف

 .فيدورعكس اتجاه عقرب الساعة 

 :الاستنتاجات الخاصة بالجانب النظري 

  تمثؿ التبصرُّات والمفاىيـ التي تزوّدنا بيا نظرية الفوضى قطيعة جذرية مع الاساليب الرياضية السائدة التي
التي تطورت  Nihilismالنظرة العدمية  جاءت لتدحضأسست لمعمـ الحديث منذ غاليمو وديكارت ونيوتف، و 

تعدد )بسبب أفكار الحتمية والمادية وكوف الموجودات جاءت نتيجة لعامؿ الصدفة، وتؤكد بالمقابؿ عمى مفاىيـ 
والتي لاتخضع إلى مقاييس الانساف .....( الاحتمالات، عدـ القدرة لمتنبوء، النظاـ والانتظاـ ضمف العشوائية 

وتمكننا بالتالي مف رؤية مختمفة لمكوف ومف فيـ أفضؿ لقواه المحركة وتنظيمو الذاتي وتطوره،  الذاتية المبدئية،
وبالتالي تفسير ظواىر الطبيعة واشكاليا المختمفة عمى وفؽ رؤية جديدة ليذه القوة المنظمة والمسيطرة والتي 

ف جاءت مف .تتجسد بالخالؽ جؿّ وعمى الفكر الغربي إلاإنيا ناقضت  ويرى البحث إف نظرية الفوضى نفسيا وا 
بمفاىيميا رؤيتو لمخمؽ وعبثية التكويف والوجود لبعض نظرياتو وافكاره، وىذا بالتالي إف دؿّ عمى شيء يدّؿ عمى 
ممكوتية الله سبحانو وتعالى لمكوف، فيو الخّلاؽ المبدع الذي يسير كؿ الموجودات وينظـ الكوف وىو الحقيقة 

 . المطمقة والثابتة الوحيدة
  ،لابد مف التمييز بيف الفوضى الديناميكية والعشوائية والتي تكوف فييا احداث النظاـ حرجة محددة ومحتممة

فالفوضى الديناميكية ىي ليست ببساطة اللانظاـ او عشوائية بؿ ىي تمثؿ حالة عدـ استقرار داخمية مستمرة، 
او حتى قد تكوف حتمية كأنظمة كلاسيكية،  فالانظمة الفوضوية لربما ليا صياغات دينامية واضحة المعالـ
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ولكف ىذه الدينامية لا تستقر ولا تصؿ الى الموازنة ولكف تتقمب وتتغير الى سمات غير قابمة لمتنبؤ والتي 
 .بمجمميا تجعؿ النظاـ يبدو بشكؿ مخادع مشابو لمعشوائية

 بد اف تحصؿ بتكامؿ مع العموـ إف ستراتيجية خمؽ النتاج المعماري لا تبدأ مف الصفر ، فعمى العكس لا
الاخرى، فالعمارة تسعى وبتوجياتيا المستقبمية الى تكريس حالة تجسيد العمـ في اطار مف التخصص فيتوقع اف 
تحقؽ العمارة الانعكاس والتداخؿ المباشر مع العموـ الاخرى ولاسيما عمـ الرياضيات فيو منبع واصؿ كؿ 

، فيويتعامؿ مع مجموعة قوانيف وعلاقات منطقية يمكف أف تُستثمرُ في تفسير وتوليد الشكؿ المعماري  العموـ
بموجبيا، ومف ىنا برزت أىمية وتاثير نظرية الفوضى  واستثمارىا في التوليد الشكمي في حقؿ العمارة كونيا 

 .فرع مف فروع عموـ الرياضيات المعاصرة 

  في اطار البحث لمكشؼ عف ( ية، التعقيد، المرونةالدينام)التوصؿ إلى صياغة مفردات التوليد الشكمي الرئيسة
القدرة التوليدية لنظرية الفوضى في العمارة لتوليد أشكاؿ معمارية جديدة، وىذا الجانب لـ تتطرؽ لو الدراسات 

 .المعمارية السابقة وبذلؾ فيو يمثؿ أضافة معرفية جديدة لـ يتـ بحثيا مف قبؿ 

 فيو ( عمى وفؽ نظرية الفوضى)لفوضوي التوصؿ إلى صياغة تعريؼ عاـ لمشكؿ ا: 

  شكل لايتولد من العشوائية واللانظام بل يتولد بمجموعة من القواعد النظامية التي تيدف الى شكل يحقق
الابداع والتجدد وتتجسد فيو حالات النظام الضمنية والخفية، فيو يتصف بالدينامية التي تحقق الانفتاح 

واللاخطية لمشكل وتتولد من خلال كسر التناظر، ويتصف بالتعقيد الذي  لمشكل وتتولد من خلال التحولات
يحقق التشابو الذاتي لمشكل ويتولد من خلال التشعيب والخصائص العضوية لمشكل وتتولد من خلال الامتداد 
والطي، ويتصف بالمرونة التي تحقق التكيف الذاتي لمشكل وتتولد من خلال التنظيم الذاتي وتحقق عدم 

 .درة لمتنبوء بالشكل وتتولد من خلال الحساسية لمشروط ألاولية الق
 :الاستنتاجات الخاصة بنتائج التطبيق العممي

 :  استنبطت ىذه الاستنتاجات مف الترابط بيف مفردات الاطارالنظري ونتائج التطبيؽ العممي وكما يأتي
o  الاستنتاجات الخاصة بمفردات التوليد الشكمي لنظرية الفوضى 

  تتحقؽ الدينامية في التوليد للأشكاؿ عمى وفؽ نظرية الفوضى مف خلاؿ مفردتي  :الدينامية  دةمفر
 (( .اللاتناظر)كسر التناظر  -التحولات)توليد ثانويتيف 

 يتحقؽ التعقيد في التوليد للأشكاؿ عمى وفؽ نظرية الفوضى مف خلاؿ مفردتي توليد ثانويتيف :  التعقيد مفردة. ب
 ( .تداد والطيالام -التشعيب)

 يتحقؽ التعقيد في التوليد للأشكاؿ عمى وفؽ نظرية الفوضى مف خلاؿ مفردتي توليد ثانويتيف :  المرونة مفردة. ج
 ( .التنظيـ الذاتي -الحساسية لمشروط ألاولية)

  إف توظيؼ برامج حاسوبية كبرنامج(Form ) اتو فيما في العمارة، يفتح آفاقاً جديدة لممصمـ المعماري لتطوير ميار
يخص التعامؿ مع تقنيات الحاسوب ليست كونيا تعطي اشكاؿ جاىزة مف خلاؿ مجموعة مف البرامج المعتمدة في 
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الرسـ، بؿ تسعى إلى تطوير قدرات البرمجة لدى المصمـ، وليتمكف مف ادراؾ كيفية تنفيذ شكؿ معيف عمى وفؽ 
ي في استنباط اشكاؿ جديدة مف خلاؿ توظيؼ ذات ايعازات محددة، وذلؾ بالتالي يمكنو مف توسيع مداه التخيم

الايعازات بصيغة برمجة مختمفة، وفيـ اسموب توليدىا للاشكاؿ وبالتالي سيطرتو وقدرتو في أحداث التغيير المناسب 
 .في صيغة البرمجة وبما يحقؽ ما يصبو إليو ويخدـ كذلؾ العممية التصميمية 

 ات التوليد الشكمي لنظرية الفوضى إنو عمى الرغـ مف توظيؼ علاقات أظيرت نتائج توليد الاشكاؿ عمى وفؽ مفرد
قد  ومعادلات رياضية منطقية تعتمد النظاـ في التوليد الشكمي، إلا إف ىذه الاشكاؿ قد اتصفت بالنياية بخصائص

نسؽ  وتحت ىذا الانطباع الاوؿ يقبع شكؿ ذوتكررت ىندسياً مف خلاؿ مقاييس مختمفة، لانظامية والتي تبدو 
وىذا يدعو بالتالي إلى عدـ التسرع في يتصؼ بالدينامية والمرونة في التشكيؿ،  نظامي ومتولد بتعقيد لا نيائي

الحكـ عمى بعض الاشكاؿ كونيا  ذات خصائص لانظامية و متولدة بطرؽ عشوائية، فالنظاـ موجود ومتولد في كؿ 
ف كاف خفياً، وعميو  فيذا يثبت حقيقة كوف العمارة مذ كانت ومازالت وستبقى شكؿ ويحكـ العلاقات بيف عناصره وا 

تخضع لنظاـ يحكميا وحتى مع ظيور التيارات الفكرية التي تدعو إلى خمؽ التشويش والعشوائية والفوضى فحقيقة 
ف كانت غير قصدية  النظاـ الضمنيالامر ىي تعتمد   .في توليدىا حتى وا 
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 يةعصر المعلومات في الفضاء
 

هدى عبد الصاحب العموان                                                                       .د
 استاذ مساعد
 جامعة بغداد

 القسم المعماري/ كمية الهندسة 

 نورا نعيم عبود
 ماجستير هندسة معمارية

                                                           جامعة بغداد
 القسم المعماري/ كمية الهندسة

 
 المستخمص

 ززز رلرمامية مززز  رر ر ززز رلرمات ن ا ةيززز رر  ززز رلر:ربأنزززقر لزززدراززز   ر ززز رم رريتميززززر ازززررمامية م تيززز 
ر  ر قزززدرتزممنززز رثزززذ رما ززز رم رفزززترماتطززز رر تل  ةززز رمزززاربيعزززن رب ززز لرمزززذثلرر تززز رب تززز ر ن منززز.رملا ززز م
ر.ر  دمتنمر تل ايدثم ررسة  نمر ر رمامي ارلرر غير رثذ رما   ي رمنرمل ثيمرمان سر مف  رثمايم رتن

منردخززز لرمات ن ا ةيززز رماززز رمابنيززز رما عزززري ر  مززز ر مالعززز ىرما عزززرارخ اززز ررمد رماززز رت يزززررفزززترمابنيززز ر
امية م تي رما  يررمنر غير رما  رلرم.رماليزي ئي رانذ رمالع ىم ر نتية ر تمي رات يررمابني رمال ري راةمةتما

ر.سم  ر مل ثيمرمالع ىرما عرارماتلةيدارب لاع ف رما رت يررم سارب امل ثيمرمامتيةل رب الع ىر
فلزدرفازة رمات ن ا ةيز ر.رةتل  زلربزينرملانسز نر بيئتزقار زرمال ررماةديدر ةز رمنرمامية مز  رت ز لر سز ئ  ر
 ر زنر ز امرماةسزمرر   از رماتةز ر رماز رازي  ر زد رملاا تر ني رماةديدلر ماميدي رمارقميز رمامطز رلرما ليلز

يلزارثزذمرر”مالعز ىرملافترمعزت“يطةقر ة رمالعز ىرماةديزدرمزنرثزذمرمانز عرر. خةل رسيطرلراةي امرملافترمعت
اةلعز ىرر  رمطةلزرم رتاز رررط ذاكرلانقريلدمراةمازممينرازيسرفلزرمالع ىربينرمالع ىرماليزي ئتر مالع ىرمايلةت

يززدرف ززرلرتمالعزز ىراززمرفليزي ئيزز ر م ديزز ر.ردمخززلرمالعزز ىرماليزيزز ئتفززتر اييشربززسرمايلةززتر ا ززنرميعزز رملا سزز 
 زززرر رفلزززدرر.ت ن ا ةيززز رمامية مززز  نتيةززز رظنززز ررمف ززز ررةديزززدلر زززنرمالعززز ىرمزززاردخززز لررمنمززز رب ايمززز رل
قززز لرفأطةلززز رر.ماملززز ثيمرما ن ئيززز راةلعززز ىرفزززترما عززز رلرملانسززز ني (رما سززز ئلرمارقميززز رماةديزززدل)ما  مبيززز ترم ر

رر.ر لرمن معرماتخي  رما م د دلرلراة س ئطرمارقمي  ن  ىر مام   ملا
بة  رماي مرمارب اة  رمات ن ا ةي ر ت عيحرمين رمالع ىرماذ تر(رمالع ى)يندفرماب  رما رت عيحرملن مر

رر.ما  الرفترملن مرمالع ىرفتر اررت ن ا ةي رما  رلرمامية م تي ر   تمي راةت ير ماذارنتج
ر
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 يسيةالكممات الرئ
الفضااااال المكاااان لالفضاااااا الاااذكضل الفضاااااا الحضاااري المعاصااار لالفضاااااا ا  تراضاااضل التكنولوجيااااة 

 .المعموماتيةل ا تصا ت
The Space in the Age of Information 

ABSTRACT 

Three revolutions characterize the age of information: Information Revolution, 

Technology Revolution and Media Revolution. These revolutions developed and interacted 

with each other in an amazing way. Way to an extent that it becomes a title to our 

contemporary architecture. These revolutions changed people‟s thoughts, behaviors, and 

traditions. 

The effect of technology on the urban structure generally and the urban space specifically 

changed the physical structure of these spaces as a necessary result to the change of 

intellectual structure in community. The information revolution changed a lot of the common 

urban space„s characteristics and concepts as well as an extreme change in concepts related to 

the space. 

The new thought concentrated on the fact that information represents the tools for the 

interaction between man and his environment. The new electronic information and the 

improved digital media split the reality out of the realm of body, convert the experiments to 

the form of event and create a control of the virtual reality. The new space of this kind is 

called “Virtual Space”. This new space lies between the physical space and the mental space 

as it presents to the designers not only infinity image to the mental space but the sense of 

being in the physical space. The physicality of space is no more an important concept in 

architecture as a result to the emergence of new concepts of space with the effect of 

information technology. The new digital tools (computers) set free the dual concepts of space 

in human civilizations. The power of structure and the imitation of the digital media released 

all types of unlimited imagination. 

The research aims to explain the concept of (space) in the language of today (the 

technological language) and clarify the meaning of intelligent space as a result of the change 

in the concept of space in the age of Informational Technology Revolution . 

 مقدمةال

ينظررما رملن مرمام  نرفزترررما رمالع ىرما عرا(رملانظم رماذ ي )ماردخ لرمنظم رمامية م  ر
مامخازصراةتل  زلرعزمنرمازمز نرمازذاري ةزدرفيزقرملانسز نراةليز مربن ز ط تقرمامختةلز رماليزي ئيز رر  نقرما يز

 نرثنزز رتبزرزربزأ  لرملنزز مرمنرف زرلرمام ز. ما فيزي ئيز ر  ني ز سر معزحراةت زز لرما  ازلرفزترركيزز رمام ز ن
  ززدمرت ززدد رررملاطزز ررم رمانطزز قرماخزز صرب الي ايزز ر ب اتزز اترزيزز دلرمتسزز عرمام زز نرماززذاري ةززدرفيززقرملانسزز ن

 رأنرمام ز نرمازذاريبزرزر ميزززرإفز.ر ب رتب طزقرماتز مربلي ايز رمامنظ مز ررفيقرزمنقرتعمنرم  نرمنلردريلع
اذاكرنةدرمنرمةملرمات ةقرفزترركيز ر ليلز رمام ز نريزتمرر.قمييقران رت  نرمثميتقرفترت ليقرمالي اي رعمن
رر(ر70رص1998   رلر)رمنرخ لرسة كرمالردرخ اقرفترمارال ر  ن 

ر ر رر(Place)ف ام  ن رب ايم رل رمس سي  رف رل رمبث  رمات ةقرا عرار اتاميم رم  رمامنطةق رثذم يل ررر من
ر رملافترمعت ر مامية م تي أب الع ى رملاتا لا  ربأنظم  رملاتا لرف ار:ر  ربين رماتب ين رمن ري تق م  ن

.رن تجر نربني ر   ي رملابي درر ثذمرم  بقرام رث رم ة درفترمنظم رملاتا لا رق ملاخت فرم  ررمنر  ن
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ف الع ىرفرا ررفتر ينرمنر)رر(م  ن)رر  ينريكطرربسة كرتل  ةتريابحرث رتنظيمرم  نت(رمالع ى)فز
رمدر   ر ليل   ر(Space is the Opportunity, Place is the Understood Reality مام  ن

(Huber,2000,p.1).ر
ملاف زز ررمامتيةلزز رر مززنر ززمريتطززرقرماب زز رمازز ت عززيحرمالعزز ىرفززترمنظمزز رملاتازز لا رررماب زز يتنزز  لرثززذمر

ر.ب ام  نر ا لارما رمالع ىم رماذ ي 
 :الفضاااا-

مستي رر  يزررمزنرمامازممينرما عزرينريبن رمالع ىرماليزي ئتربن ىر ة رملاستيم لر ما  ة راةتل  لرر قدر
قزززدرمزدمدرمسزززتخدممر ر.رمدرم نززز راةلعززز ىم رملافترمعزززي رب العززز ىرماليزيززز ئتر  مززز ر ما عزززرارخ اززز راتسزززنيل

 Harrison)رالترلرملاخيرلربأنظم رملاتا لا ر ثزذ ربيزضرملانظمز فترمملاستي رلرمام  ني ر ماتنظيمرمام  نتر

&Dourish,2002, p.2):ر
 (Virtual Reality)عي رما ليل رملافترم .1

 (MUDs : Multi User Domain)مامة لرمامتيددرمامستخدمينر .2

 .(Multimedia Communication)ملاتا لا رمامتيددلرملا  مرر .3

 :مميزات الفضاا   
ر:نرنم دجرم  نترلانظم رملاتا لا ر  نرةزىم رمتم نرمنرماتتريثن كر دلرم   رراةي امرما مقيتر

 صال وتوجيه ا ت التبادلRelational Orientation and Reciprocity ))رر رمام  نترفتر: ماتنظيم
ر  ذاكرب امسب ن  رماسم ىرر(رأ ة )فن رب تة  رمر زرملارضرر(رأسلل)ماي امرث رنلسقرب انسب راة لرر

ف ات ةقرماميرفرب اي امرماليزي ئترييتبررمادرم رذمرقيم ر  اي رفترتم يلر تلسيرر(.رخةف) (رأم م)راز
ر.ي اي  ر ماتارف  رمال

 ثذمرم ريةيةن رن يررب تة  رملا ي ىرر.رفن نرنيةمربأنرماي امرمن ئرفيزي ئي را خرينربنلسرماطريل ران 
م نرمنرييتمدر ة رتةرب رم تر  رر م ري منرمامادرر.رم رنستخدمر ال  رم  ني  رات عيحرمادررم 
ر ر نل لرا خصرم  رماي)فترما ة درفترفع ىرم  رمنرزم ي رماب  ر ة رةن  را ر ن رق دم  س رر م 

 (Ibid, p.2) (.ما  رع

  القرب والفعل(Proximity And Action) :رر ربأفي ل رنل م رن ن رماي مي ر رمقل)فتر ي تن  رم  (رم  ر
ر ة دن  رم  ن ر ة  رم تم دم ران رلانر. رمان سرملاقر  رما ر نت د  ران ر رملاقر  رملا ي ى رنةتلط فن ن

 .ملرم ي ىرمين ر نلتر راركي رملا ي ىرب ع حماا  رينتللرخ لرمس ف رمقلرر ن 

ري ة رام  رماخا ئصرم  بن  رب الع ىم رملافترمعي ثذ  رمان سرر.د ر ة رربط رمالر ريس  دن  ملن م
رنلنمرر.ب الي اي  ر ربطربيعنمرببيض رن  ثدرمةم   رمنرملافرمدريةتمي نر  لرمنعدلرم  فيندم 



 هدى عبد الصاحب                                                                                          الفضاء في عصر المعلوماتية

 نورا نعيم                                                                                                                        

 

 828 

ر ر ة د رمن ر نيرف رفي ايتنمر ر  ل رم  ر يئ  رثن ك رلايرغ ربأن ربأنق رمننم رملرب  ر ة   خصرم 
ر.ر(ibid,p.2)رب ام  ر  ربن  ط تنم

  التجزئة(Partitioning): م رفترف رلرمالر ر ماتل  لررف رلرماتةزئ ررفم دممرماليلر ماتل  زلرمزرتبطينر 
ر(Ibid, p.2) .ب امس ف ررف امس ف رمم نرمنرتستخدمراتةزئ رن  طرم رات سيارممتدمدرفي اي رم ر

 وا دراك  الحضاور(Presence and Awareness) :ن  ي رلارتمتةزئر ي تنز رماي ميز رفلزطرب ا لز ئقرمااز
يسززمحرانزز ر(ر عزز ررملاخززر)ررر ا ززنربنزز سرمخززرينرمززارم زز رلران زز ط تنمر ملاد م ر ما عزز ررم م انزز 

فزرمدر ثذمرمز ري زد ررفز اتنظيمرمام ز نترفزتربيئز  رملاتاز لا ريم زلرمنظز رم رلار.بأن  ىرفي ايتن رماخ ا 
 .(ibid,p.2-3)رمخرينر مفي انمرمارنلسرمابيئ رماتترتم لرن  ط تنمر ت ملرملانت جرماان  تراةيمل

 

 :)  Appropriate Behavioral Framing (اطار السموك الملائم
منرماملززز ثيمرمامزززذ  رلرفزززترماللزززرلرماسززز بل رتسزززمحرانززز ربتنظزززيمرسزززة  ن رمام ئزززمرفمززز  رنت زززركرب تةززز  رملاخزززرينر

ر.رم رن يررما رملا ي ىرايتم نرملاخرينرمنرمية درم يب   نر نقرماينمرانت د ر
مامي  ني يزز رمام  نيزز ررتزز فيررمان يزز ررمات ةيززقررتر يزززرمالي ايزز رر)ريسززت لرمالعزز ىرملافترمعززترم زز  ررمالعزز ى

م  ني  رر ماتترتيتبرر سية رق ي رفترماتاميمررا نرثذ رما ن ي  رمام  ني رت ملرمين رسة    ر(ر ن عرماسيطرل
فزز نرماززذاريسزز ندربنمزز ذجرملاتازز لر.رلايم ززنرمسززتي رتقررفنزز رينززتجر ززنرمختبزز رر ززلريزز مرفززترمايزز امرماليزيزز ئت

نطةقر ة رثذمرماذارسزبقربأطز ررماسزة كررمام  ني رث رطريل رالي اي رمنظم رمستمرلربخا ئصرملاتا لر
ر.(Ibid, p.4) رمام ئم

ازز لر فززقرف ززرلرمالعزز ىرماززذاريلةززدرماتنظززيمرمام زز نتراةيزز امرإذمراززممن رمنظمزز رملات:ر مامينزز رمامتعززمنرثنزز 
ما مقيتررنستطياربيدرذازكرمسز ندلرظنز ررمنمز طرمزنرماسزة كر ماتل  زلرملانسز نترمازذارييزرضرفزتر زلريز مر

-Spatially)ب ةمززز  رمخززر ررمنظمززز رماتنظززيمرمام ززز نترتسزز ندرماسزززة كرمامززنظمرمام ززز نترر.مززنر ي تنززز رماي ميزز 

Managed Behavior –Spatially- Organized Systems)(1)رقمر مخططر.ر 
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ر

ر

ر

ر(1)رقمررمخطط
ر(ماب    )ر ماي ق ربينرمميزم رمالع ىرماليزي ئتر مط ررماسة كرمام ئم

ر
 :(From Space to a Place)من الفضاا الى المكان 

 زدم رفيزقرر ازقر عزار متةز  ر يز رتةزرارمام معزيار ملا مالعز ىرثز ربنيز رمايز امر ثز ربيئز ر   يز رملابيز در
ن ق ن رب نرمميزم رمالع ىرمست ة رب لانظم رمامتطز رلرلاسزتي دلرملادرمكر ملا سز سربأطز ررماسزة كر.رميين

مازذارتمز رم  ظتزقرفزترمايز امرماليزيز ئتررفلزتر زلرفي ايز رر(Appropriate Behavioral Framing)مام ئزمر
 ا نرمنرملا س سرب ام ز نرر(Sense of Space)رمكرمالع ىرفتر ي تن رماي مي ررلاريأتترثذمرملاط ررمنرمد

(Sense of Place)(.2)مخططررقمر.رم ر مام  نرث ر ليل رمدر  ف الع ىرث رم ئ.رر 

ر

رذ

ر

ر

ر

ر

ررر(2)رقمرمخططر
 (ماب    )منرمالع ىرما رمام  نر

 ًظوة الاتصبلاتبوجود أًووذج هكبًي 

اطبر 

السلوك 

 الولائن

 انفضاء

 (بنية ثلاثية الابعاد)

 انمكان مميزات انفضاء

 (حقيقة مدزكة)

 اطاز انسهىك انملائم 

ت
لا
صا

لات
 ا
مة

ظ
ان
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 : نالمكا
ررماليزي ئيزززز ررر  رملانسزززز ني ث يززززد ررمام زززز نر ةزززز رمنززززقرمام عززززارماززززذاريزززز فرر  فزززز رمالي ايززززرييززززرف

ر. فترنلسرما ق ريك رر يتأ ررب اسة كرما ل فتر ملاةتم  تررملاقتا دي ر ما ل في  ر
 ثزززذمريزززد مررInside)) زززرفرمام ززز نر ةززز رمنزززقرما يزيززز رماتزززتر زززد دث رتيزززرفرب لا سززز سربززز ا ة درب ازززدمخلر

ر ةزز  يةزز رر.((Anywhereر ةزز رماي ززسرمززنرمةززردرم زز نSomewhere) )ملا سزز سربزز ا ة دربم زز نرمزز ر
رف ام ززز نرم ةززز درفزززترم مززز قرماليزززلرملاةتمززز  تر.يتل  زززلرمزززارمابيئززز ر رملاخزززرر ةززز درماززز رمنري زززيررمام ززز ن

 م ظزززفرب املززز ثيمرررمليزززلرب اتل  زززلرملاةتمززز  تررمام ززز نرثززز رفعززز ىرمارمن.ملانسززز نترب املززز ثيمرما ل فيززز 
رHarrison & Dourish) ر,(p.39,2002ما ل في ر

ف العزز ىرم رماميززززم رماليزي ئيزز رماتززترررةسززة رمززنرمالي ايزز  ر ماملزز ثيمراسزز  نترمالعزز ىفزز ذمر زز نرمام زز نرس
بمازطة   رتزنظمر ت ةزقرماتطزرفرراةلي اي  رملاةتم  ي اةم  ر  ررق ب  رر  رتةنزرم  نررتكطررتةكرمالي اي  

ر(226صرر1980ررب   رر).رمامن س رفترذاكرمام  نرماةزئترملاةتم  ت
ملاخززت فرماززذاريظنززررفززترملنزز مرمام زز نرينبززارمس سزز رمززنرمات زز لرما  اززلرفززتررفززأن بنزز ىم ر ةزز رم تلززدمر

ر.ررمام  نرملافترمعتر ايسرفترمام  نرما ة دا
 (الفيزيائض)المكان الوجودي  

 ثززز رمامزززرتبطرب ةززز درذم رما زززئر قيززز مر ين نتزززقرفيزززقر مازززذارييطيزززقرمادلااززز رات ليلزززقرعزززمنر ززز امر
 ي ززز نرممتزززدمر م زززتم رماززز رمبيزززدرررثززز رمسزززتلرمر رام ززز ن  ةززز درملانسززز نرعزززمنرثزززذمرمر.مامم نززز  

 رمززرمب  زرررمازذاريظنزرررقرمنرسةط ر ة رمابيئز رماليزي ئيز مرمدترم يالرمايقر ة د رماليزي ئترم 
ذازكرمام زز نرر(ب  ز ر)منرمام ز نرمازذارم ةزدرفيزقرم ر مزز ريلز لرر(ن يزلرمرنزز )فينزدم ريلز لرر.ا ةز د 

ر(.225ص,س بقمامادررما)ماذاريستلرر ة د رفيكر
 (ا تصالض)المكان ا  تراضض  

بم رت فر رما سز ئلرمات ن ا ةيز را نسز نر ماتزتريةز رمنرلاننظزرر(رملا تم اي )يم لرما  ا رملام  ني ر
 منم رثترا رلرمنرا رر ةز درمازذم رعزمنرررماين رب نن ر  ا رت  بقرمات مةدرما ليلترفترمام  ن

ت ةزدرفلزطرفزتر قتنز ررلا ثزتر.ربطبييز رما سزية رمامسزتخدم ررت خذرمبي دمر    رتلتزرن ماتترمام  نر
فم رينطبقر ة رما س ئلرمات ن ا ةي رما دي  رفزترميةز درما زخصرفزترم  زررمزنرم ز نرينطبزقرررثذم

رمنرم  ررتةسيدمر مقر ري فيزي ئردمت خذرمبي رملارمنن ام رث رظ ثررفترميا لرماخط ب  ر مارس ئلر
ر(Telecommunity) ب اتزززز اترت ليززززقرملنزززز مرمامةتمززززار ززززنربيززززدرررما ليلزززز ر ايسزززز رما ليلزززز رذمتنزززز 

ر(3)رقمرمخططرر.(408صرر1990رت فةر)
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 :يمكن توضيح بعض النقاط الناتجة عن المكان والفضاا  ض عصر الثورة المعموماتية
 منرمالع ىر مام  نر يئ نرمختةل نر(Spaces are not Places): 

 ف العزز ىرنلسززقر.رم ززنرمنرتمتةززكراززل  رمكقتزز يم  يزز ر  ل فيزز ررممزز  نريي ززسرمام زز نرملزز ثيمرمةت
م ة رمسزللرريمزينرر)ذمر  نز رمالعز ىم رتمتةزكرميم نرمنري  نرم  ن  رمختةلزأ رفزتر قز رمختةزفرر ر

ر.(Harrison &Dourish,2002, p.10) (ممسررغدم رةيدررستى)ررفأنرملام  نرتمتةكر(يس ر
 اةسة كرمام ئمررمط رم رر- رايسرمالع ىر–ي فررمام  ن(Places, not Spaces, frame Appropriate 

Behavior): 

 م زنرفزترممسزي  رمختةلز ريفل  ز رملاةتم  ز  رر:منرماسة كرلايرتبطرب الع ىرر ا نريرتبطرب ام  ن
 فززترثزذ رما زز لا رفزز نربنيزز ر.رمنرتسزتخدمراةززرقصر ما نزز ىرم رامم رسز رماري عزز رم رم زز نرايمزلرمزز 

ر. (Ibid,p.10)تكطررسة كرمان سر ا نرمام  نرماذار ةد مرمنلسنمرفيقرمالع ىرايس رثترماتت
 يمتةكرمام  نرقيم رمةتم  ي ر(Places have Social Meaning)ر 

   رمنرمالززيمرماتززتريمتة نززز رم زز نرمزز رثزززترقززيمرمةتم  يززز رررتترسزز رفززترتطبيلززز  رملزز ثيمرمامةتميززز.
ترت ةدرفيقرر ي رتظنزررنت ئةزقرفزتر تظنرربمر ررمازمنر تطبيقرنتجر ت  لربليلرمامةم   رمات

ر:م  رين
 رر ثذمريت يرربمر ررمازمن نلسرملاف  ررمنرمامة ميارمامختةل ران رمل ثيمرمختةل رانلسرملام  ن. 

 ررب ي رتت ئمرمار ل ف رتةكرمامةم   م  نرمنرخ لرماتطبيقر مام ئم ية رمنرتخةقرملا. 

  Placeness can be designed for, but it)فزيم نرمنريازممراةم ز نر ا زنرلايم زنرمنريازممرفيزقر

(Ibid,p.10) can‟t be designed in).ر
 ي ادرمخت فرما س ئلرمم  نرمختةل ر((Different Media have Different Spatial properties: 

 
 

 يدرك كوفهوم هي خلال 

  تحقيق      (                 اهـتداد ) التغير              الوكـبى الافتراضي  

 بٌية الوكبى هي هٌظور البيئة(              تقيــــد ) جــودي الثببت              الوكـبى الو 
                                                                                

 
ر(3)خططررقمرم

ر(19صر9111رماسنيل)رملن مرمام  نرعمنرملامتدمدر ماتليد
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منرملا زز مرما معززحرماززذاريم ززنرمنرنسززتخدمقراخةززقرمابنيزز رمامية م تيزز ررريسززيررفززترنازز صرم ررسزز مر
ر. ثذ رتيرضرخا ئصرمختةل ...(را  ررا رلررفيدي رماخ)بي در   ي رملا

 مزز ر.ر منرثززذ رماخازز ئصرثززتربززد رث رمنمزز طرمسززتخدممرق يزز رماتزز  يرررتتبنزز ر رتت يززفراةبنيزز رملا  ميزز 
 ر(رما اززز ل) عززز ن رفيمززز رسزززبقر يزززفرمنرمااززز  ر مااززز رلرتةسزززدر زززلرمننمززز رمف ززز رم رمختةلززز ر زززنر

ر. (Ibid,p.10)(مام  ر  )
ر(.مالع ىرث رفرا ررر مام  نرث رما ليل رمامدر  )ل طرماس بل ر ةن رتيززرمنرمال رلر منرمان

ر

 : Place and Behavioral Framing))المكان وا طار السموكض    

 ا زنر(رفعز ى)فزن نرن زددربززر.رمام  نرث رفع ىرمستمرربمل ثيمرم ئم رسة  ي ر ت قيز  ر ل فيز :رفيزي ئي ر
ر(House) ملاخزت فر مز رفزتر ةمتزترمنززلر.رم  نرثترفعز ىم رذم رقيمز رميينز ف لا(.رم  ن)نتل  لرفتر

ر.م نرمنريلترمنرماريحررمامطررر ا نرمابي رث ر ي رنييشر ننتمتيررف امنزلرر(Home) ربي ر
 ا نزززقرنززز درمر(ر  ات ةيزززقررملانززز رلررماتازززميمرمايززز م)ت زززتركرق  ززز رمامزززكتمرم ر مامسزززرحربيزززدلرمميززززم رم  نيززز ر

(.ري تززز جرماززز رتلسزززير)رقصر نزززدرتلزززديمرم رمقرمامزززكتمرر مذمر زززد رثزززذمرسزززي  نرتازززرف  ر ززز ذم رمززز ن نترم رنززز
ررout of place)) ا نزقرخز رجر زنرمام ز نر(ر(out of spaceلانازفرثزذمرماتازرفربأنزقرخز رجر زنرمالعز ىر

تازرفرررف ام  نر ايسرمالع ىرث رماذاريزكطررماث رم يمنين رمنرما ن ىرفترمامأتمفإنرملا س سرب ام  نر
م زنرمنري ظزفري  ة رماي سرفإنرنلسرمام قاربزد نرت يزررفزترماتنظزيمرمام ز نترم رفزترماتخطزيطر.رمام ئم

 م نرمنري ظفرا اتل ىر ما  مرغيررمارسمتر  ت رمان مريمام ت ر:رفم  ر.ر م  نرمختةفرفتر ق رمخر

مالعزز ىردمئمزز ر مزز ث ر ا ززنررر رف ام زز نرم  ززررت ديززدمرمززنرمالعزز ى.ر(Ibid, p.4)رخزز رجر قزز رمايمززلرماميتزز د
 .مام  نرث ر م ريستخدم

ر

 : ( Place is in Space)المكان  ض الفضاا 

منقرفتر ي تن رماي مي رري ةدرمام  نرااي رماتميزربينرمام  نر مالع ىررث رثن كرسب ر م دريةيلرمنرم
مةتم  ترررمين )مام  نربا رلر  م رث رفع ىرمار تىرم رمع فرمايقر.ربا رلر بيرلرمارمالع ىم 

رتلةيدررمل ثيمر ل في ررر ظيل ر ماخ ري  لرمالع ىرما رم  ن...(. رملا س سرث رم  يانفرمار مقر.رثذم
رما ر ماخ رةترم  ر ي ريةتمارمامدخن نر لع ىرغيررمر  رم رمرغ  ربقرر ا نقريليمر م  نرنسب 

ر. نقرم  ن رث رم ينممستخدميقر ي ريستخدمراة  مر ملاسترخ ىرر ا نقريظلرفع ىر ة رمارغمربأنر 
ف لر تىر.رمنر  امن ر  امر   ترملابي درر ي اررفتت ة لرف رلرمالع ىرفتر لرتةرب رمنر ي تن رماي مي 

ر.رفن رةزىرا لر ن ي رتنن تىرا تن .ربقرميع (رمام  ن)فتر  امن ري ددربلع ىرر بن ىر ة رثذمريرتبطر
ييطتر(رمسلل) مار(رةيد)رييطترمين ر(رم ة ) ر ة رمارغمرمنرمنرماي ق  رمام  ني رت ملرمين رفمين

ر رستى)مين  ر(. رمايق رم أ  ر رمنررJohnson رLakott ثذم رط ية  رق ئم  ر م ط ث  رم ةن    ستي رل
 (ibid, p.5).ملام ة 
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ف لا س سر.رت تقرملام  نر  يرمرمنرمامين رر منر مرمنر يزيتن .رتديررمام  ني ر لرتة ربن رفتر لرم  ن
ملابي دراة ل ئقرملااطن  ي رررنتر م  ررمنر  نقرتنظيم  ر   ت  نقرمةردرتنظيمرم  ب ام  نرم  ررمنر

ر.ف ام  نري ملرمل ثيمر ل في رتس  دن ر ة رت  ينرمط رراسة  ن .ر ث رييتمدر  يرمر ة رمل ثيمن 
 :  المكان  ض البيئة العمرانية  

1 ازفر
Alexanderر ةز ربنيز رمامزدنر مابن يز  ر   يززرم رمبز د رماتازميمرماميمز رارر ر زززرقةزي ر1987 ز مرر

 م ز رربزأنرمازذينرينتمز نرب ابين يز  ريميةز نرماز رنسزي نربزأنرما يز لر مازر حر  ة رما ي لرماتترتةزراربزدمخةن 
اةم  نرثترمنرتةربتن رثن كرر لاييتمدر ة رمابيئ رماليزي ئي رف س ر ا نر ة رنمطرملا دم رماتزترتختبزرر

 ا زنريازمم نر(رفعز ىم )ما عري نرلاريازمم نربنيز ر   يز رملابيز دررف اميم ري نر مامامم ن.ررثن ك
ر. منرف رلرمام  نرت تقرمنرماتب ينرم ربينرملارتب طر رملاخت ف.را ة درمان س(رمم  ن)

ثزز رمزززد رم ئمززز رمام زز نرام يطزززقرم  فظززز ر ةزز رمانسزززقرب ابيئززز رمام يطزز ررم رمسزززتةيب راتةزززكر:رفزززرملارتبززز ط
مم رمذمرازمريبزقضرعزمنرثزذ رماي قز  ر يننز ري ازفربأنزقرر.ظر ة رمانسقرب ع حملانس قرر ت را رامري  ف

 منرم ززدرطززرقرقيزز سرمام  نيزز رثزز رمامززد رماززذاريمتززدربززقرمام زز نرم ر.ر(Out of Place)خزز رجر ززنرمام زز نر
 Partةززىم رمزنر) ا نقراي  نرم  ن  ريةز رمنريتميززر زنرم يطزقرماري ز نر.رييرفرنمطرماسي قرما   اراق

ofر(ر (رجر نرخ Apart Fromر)سي ققر رثذمرييرفرب لاخت فرHarrison & Dourish.,2002, p.5))ر
منر مةيززز رمات فيزززقربزززينرملاتاززز لر ملاخزززت فرثزززترطريلززز رماتل يزززررما مةززز رمتب  نززز ر نزززدرتازززميمر تيريزززفر

ر.مام  نراةلع ىم رملافترمعي ر رماليزي ئي ررس مىم ر ة رمامست  رما عرارم رماميم را
ر

ر: (Making Places)مكنة انشاا ا 
ربزز نر مززلرملامز  نرثزز ر بزز رلر زنر مةيزز رخةززقراةظزر فرماتززترتزز فرر ت زةار ةزز رمنب زز ق ر Canter  ي زيرر

 مةيززز ر م يززز راتنظزززيمر ن ازززرر فعززز ىم رم ئمززز راخةزززقربيئززز رتززز فررمالي ايززز  ررر سززز سرةزئزززترب ام ززز نإ
ر.مايريع ر راةمتل  ةينر مةتم  تنممامل ثيمرملاةتم  ي ر ما ل فير فترنلسرما ق رن قة ثترررمامطة ب 

ررفززتر زينر زز لرمام زز نريلززارت زز رسززيطرتنمرب زز لر بيززرررلاريسزيطررماميمزز ري نر ةزز ر ززلرم زز  ررمام زز ن
 تخةززقرملزز ثيمرمام زز نر ززنرر.ت ززددرمالي ايزز  رماتززترتززتمردمخززلرمام زز نرنسززب رمازز رمامسززتخدمينراززذاكرمالعزز ى

 ة رسبيلرمام ز لرر(.Coynne et al, 1990, p.32)رلسنمم رب مسط رمامستخدمينرمن رطريقرمامةتمار مام يط
ر.  را نرماي ئة رماتترتس نقرثترماتترتةيةقربيتررمنزلا ررياممرماميم را

An Architect Can Design a House, but only the Family that inhibits it can make it a Home 

(Kalay & Marx, 2003, p.20). 

فززززززتر ززززززينرررلرمالعزززززز ىم ر ماملزززززز ثيمر مالي ايزززززز  نتيةزززززز رتل  زززززز ثزززززز رر Home = Placeمارمنر
House = Space .ر

                                                 
1

 Christopher Alexander  :معماري نمساوي له  كتاب (Pattern Language : Towns, Buildings, Construction)  

 .   Softwareفي تصنيع الـ  Design Pattern وان هذا الكتاب الهم حركة   Murray   Silverstein و Sara  Ishikawa ع م
 

http://en.wikipedia.org/w/index.php?title=Sara_Ishikawa&action=edit&redlink=1
http://en.wikipedia.org/wiki/Murray_Silverstein
http://en.wikipedia.org/wiki/Murray_Silverstein
http://en.wikipedia.org/wiki/Murray_Silverstein
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 Sense Of)م نرمنريس  درفترخةزقرملا سز سرماةزئزترب ام ز نريماتنظيمرمام ئمراةلع ىم ر ماين اررمنر

Place )ت قيز  رماسز  نينررر(ملا   لرماتترتةبزترمام ئمز رمامل ثميز ربز ات مفقربزينرما ز لر:مام ئم رتينت)ر 
انزززذمرماسزززب ر نزززدم رر.ماتيةزززيمر مامزززذث رر ثزززذ رمات قيززز  رتزززرتبطربززز لا رمفر ماسزززة كرما لززز فتررازززذاكرمام ززز ن

 Out Of) مالي اي  رم ب اارمعرم ر دمرمات مفقرمارمات قي  رن زيرربأننز رخز رجرمام ز نررنتاد رب اين ار

Place). ذ رمال  ز  رمم زنرمنر رم زلرثزرم  ر ندم رن ز نرفزترق  ز رمتيزددلرملاغزرمضرا عز ررمةتمز عرمز
خزر رماتزترتسزتخدمرلام غيرثز رمزنرمالي ايز  رمر  رتستخدمرلاغزرمضرمخزر رفزترم قز  رمخزر ر زأنرت ز نرمسزر 

 Out of اززيسرر((Out of Placeفززن نرفززترثززذ رما  ازز رن ززيررررنلززسرمالعزز ىربززد نرت يززرم رم رمعزز ف  

Space))ر.ر
ملا ززززززز  لر ماملززززززز ثيمرمزززززززنرماسززززززز بلينرررفتازززززززممرملامززززززز  نر ززززززز دلرفزززززززترمايززززززز امرماليزيززززززز ئترب سزززززززتي رلرما ظ ئ

 ةزز رمفتززرمضربززأنرمات  ينزز  رثززذ رم ئمزز راظززر فرسزز بل رمززارمقتب سزز  ر(رملاسززتي رم ر مات ززبين  رمارم ز)
يطةززقرمابزز    نر ةزز رثززذمرر.ماملنزز م/رتسززتمررات زز نرمززنرةديززدراززنلسرمالي ايزز ررم ئمزز رمززنرماسززي قرماةديززد

 Object Oriented)   ايز ري ةزدرملنز مرر  Designing From Patterns) ماتازميمرمزنرملانمز ط)مات ةزقر

Design)ر"ماندف"اي ئمربا رلردقيل رما  ة  ر ماظر فراةسي قر((Alexander et al, 1977, p.11ر.ر

ر
ر
ر
ر
ر
ر

 :Places-(Making Cyberspace) السايبريةعمل وايجاد ا ماكن   
ف الرعييفر ية رملاستل دلرمم رتلدمقرمالع ىم رمامية م تيز ر لارررمال الربينرما مقار غيررما مقارمنر

ر تختةززفرمالعزز ىم رمامية م تيزز ر ززنرمالعزز ىم رماليزي ئيزز ر.ريةزز رتة ثةنزز ر م تب رثزز ر  ننزز رغيززررم ةزز دل
ر:بنلطتينرمس سيتينر

 (.ما  مبي تر)ا ترتدركر تلنمرت ت جرما ر سطر 

 (4)رقم مخطط 

 ( .Canter, 1977,p) ر مامل ثيمر مالي اي  ينتجرمام  نرنتية رتل  لرمالع ىم ر

رق   ردرمسي رفترما ةي ر:رم  ل
 ر( ةمر مبي د)م ة ر د درمال   ر:مالع ىم ر
   رم ة رمادرمس رماتترتتمردمخلرمال   :رمالي اي
 ر"ماي ق ربينرماط ا ر ملاست ذ"م ة رماسة كردمخلرمال   ر:رمامل ثيم

ر
ر
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  (.ميزلر م ئم ر ثذمرايسر  ئقربلر)رلاتخعاراةل منينرماطبيي(Kalay & Marx.,2003,p.23) 

 ( :(Complex Forms: Space-Less Placesاماكن   ضائية 
.رمنرملاخت فربينرمالع ىر مام  نري يررما رظن ررمم  نربد نرف رلرمالع ىرماربد نر ة درفيزي ئترانز 

م ززنرمنرت زز نرن تةزز رير مالعزز ىم .ر عزز ن رسزز بل رف ززرلرمنرمام زز نري زز نرفعزز ىرمسززتمرم ربمينزز رمةتمزز  ت
 تبلزز رم زز  اي رمات ماززلر ملاخززت فرثززترماتززترتززكدارمازز ر.ر قززدرت زز نرفيزي ئيزز (رمفترمعززي ) ززنرما  مبيزز تر
ر.رملن مرمام  ني ر

رنلدمرم  اينرا م  نربد نرفع ىرفيزي ئت
 مسزززتخدممر زززب  رمامية مززز  ر(UseNet)فنزززترتنزززتجر زززنر.رثززز رمازززدرر معزززحر ةززز رم زززلرثزززذ رملام ةززز ر:ر

 . ثذ رمم  نرمختةل رفنترتنب قربد نرمنرت  نرت  رف رلرمالع ى.رينرملاخت فر مات مالمات تررب

 ف زرلرمام زز نرIdea of place)نزز قشر:رر)رDourishنمز ذجرمختةلزز رمززنرما ر ز رخزز لرمامية مزز  ر رسززمرر
منرر.ر(Social Navigation ) مام  ز رملاةتم  يز ررSemantic)) مارمزيز رر(Spatial)تميزربزينرما يزيز ر

مام  زز رملاةتم  يززز رثززتر ر ززز رخزز لرمامية مززز  رمامةم  زز ر ةززز رمسزز سرمزززنرمية مزز  رم زززتل رمزززنر
 ثززذ ر  ازز رةزئيزز رمكسسزز ر ةزز رنمزز ذجرم زز نترينززدفرمسزز ندلر ررسززمرماي قزز ربززينر.رفي ايزز  رملاخززرين
ر ثززذ رملانظمزز رتسززمحرا خززرينرب لانتلزز لرامنزز طقر يزز ريةتمززار-ماززذارذ ززررسزز بل رر–مالي ايزز ر مالززر ر

 .ملاخر نررا ات  قرب اتةمار ركي رم يةرا

فتر زب  ر(رم دم ر خاي )منم طرمنرمام   رملاةتم  ي رررت د رميع رخ لررDourish م ي عحر
يختةزفرماسزة كرثنز ربز خت فرمابنيز ر بز خت فرما ر ز ر.رملانترن رماي امي رر ثزذ رلارت تز جرماز رفعز ى

ر.نسب رلاثتم م  رملاخرين
رر يز رتظنزرربيزدر زلرتنظزيمرم ز نترمسزتة ب رملافزرمدر(ماميدي )فع ىم رم  مي ررفن رم  لرمنرتة ر 

 ت  نرانذ رملام  نربني رمالع ىر ا نن رت  نرفع ىم رف ري رتدركرمنطليز ر.لام  نر ايس رالع ىم 
ر(Harrison & Dourish, 2002, p.6).(Conceptual Association) ي  لران ر ة درفترمايللر

 اززززيسرممزززز  نرم  ميزززز رر(Media Space)بلعزززز ىم رم  ميزززز ر(رماازززز ري -ماازززز تي )رتسززززم رثززززذ رمابيئزززز 
(MediaPlaces)ف ام  نيزز رتخةززقر تززدممربأنمزز طرملاسززتخدممررفنزز ر ززتىرلايم ززنرتاززميمقر مززنرةنزز رمخززر ر.ر

ممتد رمالع ىم رملا  مي راتز فرربنيز ررب يز رمازبحرمزنرمامم زنر .مام  ني رثترماتترناممران ر ند من 
مام  نيزز رماتززترنب زز ر ننزز ر مزز ريظنززررمام زز نرمززنرمالعزز ىررفززن نرلاناززممراةم زز نر ا ززنراةنزز سررمنرتظنززر

 ا زززنرن تزز جرمازز رفنززمر يززفر ززز لرمانزز سرمالعزز ىرمازز رم زز نررييتبزززررر(5)رقززمررمخطززط.ايمززلرممزز  نرفينزز 
قرمات يززفر مام ئمزز رمززنرماين اززررمامنمزز رفززترظنزز ررمام زز نررف مزز رنلزز مربت  يززلرمامنزززلرمازز ربيزز ربتنظيمزز

اي ئمن ر  عين را  زي ىرتي زسر  انز ررم زلرمخزذراز رلر ر عزين ر ةز رما ز ئطررترتيز رملا ز  رم ر عزار
م ززي ىر خاززي رفززترما رفزز ررييمززلرمانزز سرممزز  نربلعزز ىم رماميززدي ربززنلسرف ززرلرمات يززفر مام ئمزز ررربنززذ ر

 .  رم  نرف الع ىري خذر قت  راي  نررماطرقرمم نرت  يلرمالع ىرما رم  ن
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ر

ر
ر

 
 :(Place as a Cultural Phenomenon)مكان كظاهرة ثقا ية ال

.رط ر رف رلرملا س سرب ام  نر ة رمنقرة ن رمنرة من رماسة كرمام ئمر سي قراةت مةدر ملافي لرماملسرل
طزز ررثززذمرماملنزز مربمززر ررما عزز رم رر  يعزز رةديززدرفززترمار عزز رلرر.ر ثززذمرثزز رةزز ثررماظزز ثرلرما ل فيزز 

 Harrison & Dourish) .اي تس رماي دم رما ل في ر   يرمرمنرمنز خرفعز ىرماميزدي ردخة رما رفع ىرماميدي 

el., 2002, p.7)ر
تلرقرماي دم رفزترمالعز ىر زنرمام ز نررفتت يزررمايز دم رما ل فيز ر تلزدمرماةديزدر مز رنة زظر  يز  رمزنرماسزة كر

ف لاثتمزز مر.ر ماسززيطرل يزز ريلززارفززترت ةنزز  رمختةلزز رنتيةزز رملاثتمزز مرب اخا اززي ر.رمام ئززمريت يززرر ززذاك
 ثزتر.رب اخا اي ر مام مزن ربينرماسيطرلر مات مةدر مات ةنز  رما  منز رامسزكرمام ز  لررثزترايسز رمطةلز 

تن  ىرفترت  بكرما عز رلرر فزترمالعز ي رماتنظيميز ر ماخ از رفزترمام مقزارمامختةلز ررفنزر رطبييز ر مةز لر
ماتل  ززلر طززرقرماتاززرفر نمززطرملارتب طزز  ررمزز رينمنزز رثنزز رثزز رماي قزز ربززينرطززرق.رما ةزز لر مسززي  راي سززق

ر.ما ل في 
ثترم  نرخ صرر نر ربزأنرمز يةراربزدمخةن رلايةز رمنريسزمارم ريزر ر(رغرف رمان م)ماي مرن نرنل رربأنر

 ثزذمرازمري زنر زذاكرسز بل رر.رمنرقبلرملاخرينررف رف رمان مرم  نرخ صرةدمريم لرمر زم رال زرلرماخا ازي 
 ز نرمانز سريزأ ة نر ينز م نرفزترمةم  ز ر:ر نز رم ربز رفزترماياز ررمامظةمز رمالزر نرما سزط ر ربدمي فيندر

 مرمخترعرماسريررر ي رتمررفارملاةسز مر زنرملارضرمابز ردلر فازلرمانز سربيعزنمر.ر بيرلرفترغرف ر م دل
 نربيضر مع فرماين رمظ  راةيةن ر خيم رراتظنرر  رفر بذاكر ةد رمم  نرمنلاة ررط ر رثزذ ر

منرمااي رمال لرمنرثذ رمال رلرماتترتسم رماخا اي ر  ن ر.رما رغرفرمان مرمامنلاة مال رلرفيم ربيدر
  ةززز رمار ززز لررةزززذ ررر(ibid, p.9).رغبززز رغيزززررمنةززززلرتنتظزززررمخترم ززز  را لزززظرمازززدفىر  زززرضرما  اززز 

 (5)رقم مخطط 
ر(ماب    )رSpace-Less Placesر  نرتنتجربد نر ة درفيزي ئتران مم(رمم  نرلافع ئي )ر

ر
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ماخا اززززززززي رفززززززززتر زززززززز لرفيزيزززززززز ئتراززززززززيسر ل ززززززززرلرمةززززززززردلراةسززززززززيطرلرماباززززززززري را خززززززززرينرف ات نة ا ةيزززززززز ر
 ا ززنرماتل ايززدر.ريسزز رثززترماطريلزز رما  يززدلراخةززقرماخا اززي ر ايسزز ر  فيزز رب ززدرذمتنزز ا...(رةززدرمنرمب م )

ر.رملاةتم  يزز رثززترماتززترتيطززترمينزز راةيلززلرا نلازز لرماباززرا مام زز نر يزز رماخا اززي رمايزز مرانزز رميزز ن 
ر.مختةل ر مستخدممربطرقرمختةل رم  ررمنرمالع ىم راةم  ت رم را رفرمان مر

ر

ر:ولوجياالبنية الثقا ية والتكن  
 ظزز ثرلر ل فيزز ررتم ززلرةززذ رم راةتل  ززلرملاةتمزز  ترملانسزز نترينززتجر ززنرميزز نتر(ر(Placenessتيززرفرمام  نيزز ر

فنزززز ريزززززيحرتر يزنزززز ر ززززنرت ن ا ةيزززز رمام زززز نررم دممزززز ر.ر رةزززز راتاززززميمرمنظمزززز رملاتازززز لا ر مات نة ا ةيزززز 
م  رمب م رمام  تز رفزتر.ر رمةتم  ي  رمنرخ لرطريل رم ط ئن رمين(رمام  ني )مات ن ا ةي رتيطين رمانت ئجرازر

مايملرتتركرملت   ر  دلر ا نرثن كرمبز م رمخزر رت مزلرم ز رم ري زيررماز رمننز رم ةلز رلابيز درماع عز ىر
فنزترتر ززر ةز ر.ر منر ة درثذ رملا  رم ريك درماي ق ربينرمل ثيمرمات ن ا ةي ر ملاةتم  ي .ر ايسرماز مر

مات زززززززز ي  ر(.رمابزززززززز  رمام ةززززززززق)  رمااززززززززرمعرماليزيزززززززز ئترمامينزززززززز رملاةتمزززززززز  تر تتزززززززز فرر تزززززززز رفززززززززترغيزززززززز
.رخ ا ر مان دئ رثترنلسزن ررفنزترتميززرب اليزلرملاةتمز  تر ازيسرب اتر يز رمام ز نتما  نرمات ن ا ةي لالام

 ,Harrison & Dourish.,2002)ماي ق ربينرمالع ىر مام  نرثتر  ق رمةتم  ي ر ايس ر  ق رت ن ا ةي 

p.12) تاممرب لاستي رلرمنرمالع ىم رماليزي ئي رر بم رمنر(رماس يبري )ع ىم رملافترمعي ربم رمنرمالر ا نر
مال رلرملاس سي رمنرتاميمرمالع ىم رث رماتاميمرلا ت مىرمان سررمارمنن رية رمنرت  نرم  ن  رراذمرفأنر

درماةديزز رفززترماةنزز ررب لاعزز ف رمازز طريلزز رخةززقرملامزز  نرب ايزز امرماليزيزز ئتررملامزز  نرملافترمعززي رتسززتييررمززن
ر(6)رقمرمخططرررماي امرملافترمعت

ر
ر
ر
ر
ر
ر
ر
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ر:ملاتيينرس بل رمنرم معيار مف  ررب اةد لر مامخطط يم نرت بي رم رتمرطر قر
ر

 

 

رمام  نرما فع ئترمام  نرفترمالع ى
رم  نرمفترمعتري ت جرما ر سطرايدركرم  نرفترمابيئ رمامبني 

رمميزم رمالع ىرب ة درمنظم رملاتا لا ري ملريتميزرب لاتا لر ملاخت ف
 

 (الببحثة)هكبًية الفضبء الحضري الوعبصر 

ر

  (6)رقم مخطط 
ر(ماب    )ر ) ايسرفع ىر  رمال رلرملاس سي رب الع ىرما عرارمنري  نرم  ن ( طريل رمية درملام  ن

 (1)جدول زقم 
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ر
ر
ر
 :الفضااااات الذكاايااة  

 ةيزقرريتميززرب ةز در ز لراةت ن ا ةيز رر(Informational)ث رمالع ىرمازذارتط ز رسزم رمامية م تيز ر
.ر(Function)يظنززررثززذمرمالعزز ىرايززكدار ظيلزز رميينزز ر مايةزز مر قززدري زز نراززقر ةزز درفيزيزز ئترم رلاي زز نرر ر

 . (Firmino, 2001, P3) فتت  ملرتلني  رما  مبي تررات فرربني رغني را تا لرخ لرمازمنر مالع ى

 رثنززز كرمربزززارتلسزززيم  راةلعززز ىم رماذ يززز رم تمززز دمر ةززز ر ظ ئلنززز ر  ةززز رملا ززز رم رماميم ريززز رماتزززترت مةنززز ر
 ر:(8)مخططررقمر

 ابن كر . زنظ مةي را رةيدي رماتترتبن رمات ن رمالع ىم رماتل   

 (2)ر(1)  لرر.(  ام لا )رمامرم زرما ل في ر ماتة ري فع ىم رت ير ر ظيلتن رملااةي رم رةزىرمنن رر 

 ما ز اترازدخ لرميطيز  رةديزدلرر ززرملز ثتر  نرمات ير  ظ ئفرةديدلرنتة  ظنر رمبني رةديدلراظن ر
 (3)رقمرر  ل.رم   كرمامية م  ر  رةي ا رمامتنزث  رمات نملانترن رر

  ملانترن رنلسقررأ ر ملانترمني رماان  ي  م لر ب   ر ملافترمعيرمالع ىم. 

مكان 

 لافضائي

 (فضاء اعلامي)انفضاء انحضسي انمعاصس  

  (7)رقم  مخطط 

 (الباحثة)الحضري المعاصر الفضاا 
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 Virtual)رظزز ثرلرمات عززررملافترمعززت ثززذمرمااززنفرمارمبززارمززنرمالعزز ىم رماذ يزز ريززرتبطربي قزز رق يزز رمززار

Urbanization)ر م ززل نرمامنظززرين ماززذارد ززمربنظريزز  رمتطزز رلر ديززدلرمززنرقبززلر ززددرمززرر(Graham & 

Marvin 1996)رر (Castelle 1996)ر (Mitchelle 1995)ر (Horan 2000)ر.ةر رت عي قرس بل را ماذ.ر
ماتززترر–فُتززر رمايمةيزز رما عززري رملافترمعززي رر سةسززة رمززنرما ةزز لرماةديززدلر ما لزز ئقرملاةتم  يزز ر ما ل فيزز ر

يززز رات ززز نرم  زززررتيليزززدم ررمزززد م رب ةززز درمات ن ا ةيززز ر رت ةزززقرمايمةيززز  رما عزززري رماتلةيدر-تظنزززررفزززترمامزززدن
ا نت جرملاةتم  تر مام  نترا  از ر(رماي ام ) يت ركرب تة  ر  ة  رةديدلراةرمسم اي رماتترت لقرم يسم ر

ر.(Firmino, 2001, p3) ر ماي ق  
ر

 

 

ر
رر(1)  لررقمر

ر ندمررWest Edmontonم لر
 فع ىم ررمةي نرام رت ت ارمنرأم  نرماترفيقر22م  نراةذ رماس ئ ينر ي ريالر ددرز مررمام  نرما ررمفعلرييد

ر.ماي امي راتن س رذ قرةميارمفرمدرملاسر ر اتة ريم مام   رراةي رملاطل ل

ر(8)مخططررقمر
مر ة رم تم درماب    )م تم دمر ة ر ظ ئلن ر  ة رملا  رم رماميم ري رماتترت مةن ررتلسيم  راةلع ىم رماذ ي 

(Firmino, 2001, p3))ر
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ر–ماتززترتكدينزز ر طريلزز رمظن رثزز ر مزز ريم ززنرمنرتلسززمرمالعزز ىم رماذ يزز رتلسززيم رمخززررم تمزز دمر ةزز ر ظيلتنزز ر
ر:ررما (2)ةد لررقمر

 فع ىرمنت جرذ تSpace of Intelligent Production (SIP) . 

 فع ىرمستيم لرذ ت Space of Intelligent Usage (SIU) . 

ر
  زذاكر(رفعز ىرمسزتيم لرذ زت) منرن عر(رفع ىرمنت جرذ ت)أنري  نرثن كرفع ىرفيزي ئترمنرن عر فيم ن

فعزز ىر) مزنرنزز عر(ررفعزز ىرمنتز جرذ ززت) ىم رملافترمعزي رفننزز كرفعز ىم رمفترمعززي رمززنرنز عرب انسزب راةلعزز
ر.( (Firmino, 2001, p4(رمستيم لرذ ت

 ف امتنزثززززز  رمات نة ةيززززز ر ماة ميززززز  رثزززززترفعزززززز ىم رفيزي ئيززززز رم ةززززز دلربززززز ا مقارذم رمنتززززز جرذ ززززززتر
Intelligent Production) ر(Physical Space of. 

  ي رماي اميززززز رملافترمعزززززي ررثزززززترفعززززز ىم رمفترمعزززززي رذم رمنتززززز جرذ زززززتر زززززب   رما زززززر   رماازززززن 
Intelligent Production) ر(Virtual Space of. 

 ر(مابنزززززز كررمامست ززززززلي  ر مامرم زززززززرما ل فيزززززز ررتاززززززنفر لعزززززز ىم رفيزي ئيزززززز رذم رمسززززززتيم لرذ ززززززتر
Intelligent Usageر(Physical Space of. 

  مسزتيم لرذ زترر زب   رملانترنز ررثزترفعزز ىم رمفترمعزي رذم(Virtual Space of Intelligent 

Usage)ر. 

رر(2)رقمر  لر
ي ت ار ة رننرررم لرتة رارفترقطر

ران  تر رق مر 
ر

ر(3)رقمر  لر
 ملن رمنترن رر
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 (2)جدول رقم 
 

 ر
ر تانيفرمالع ىم رماذ ي رنسب رما ر ظ ئلن ر طرقرتم يةن  

(Firmino, 2001, p.4) ر 
ر
مم رتلدمريم نرت بي ربيضرمانل طرماتترنتةز ر زنرماركيز رماةديزدلراطبييز رمام ز نرفزترمالعز ىم رماذ يز رر
ر(68رص1999رماسنيل)
 مس سرميرف ر ن  طرملانس نرغيررمليدرفيزي  ي راةم  نر ب ات اترلاعر رلراتليد رعمنرم  نرم دد. 

 مال بةي ر ة رم   لر ددرمنرمالي اي  رخ لرمازم ن. 

 يم نززقرماليزز مرررفينزز ر مسززتلررعززمنن ر مسززت  لرممزز  نرمختةلزز ريرةززارماينزز ر ييززرفرملام  نيز رفززترم زز  ل
 .بليةقرمنرخ ان ر

 مازز ر(ر ماملازز دربززقرت يززررمسززة  ر سزز ئلرمايمززلر زززرما ت بزز رمزز  )ت زز لرمان زز طر مالي ايزز رمززنرمام ديزز ر
 (.  امن فس ر مي اة رملاف  رر مامية م  ) س ئلرغيررم دي رمنر س ئلرماخةقر

 بزينر زددرمزنرفزرقرر زترك مر ادي ركر ريةنمر ري رري لزم سن مرمام  نرماذارمابحرذمرال رنط قرب  نقر
 .مايمل

  (Intelligent Spaces)مالع ىم رماذ ي 

 (SIU)فع ىم رذم رمستيم لرذ تر (SIP)فع ىم رذم رمنت جرذ تر

رفيزي ئي رمفترمعي رفيزي ئي رمفترمعي 
 ب   رمتا لا ر -

ماة مي  ر
(University 

Communication 

Networks) 

 ما ب   رماان  ي  -

 Industrial)ر

Internates) 

ما ر   رملافترمعي ر -
 Virtual).. ماخ

Companies, )ر

مامتنزثزززززززززززززززززززززززززززززززززززززززززززززززز  ر -
مات ن ا ةيزززززززززززززززززززززززززززز رم ر

 مايةمي 

 Technology or)ر

Science Parks) 

ماة ميزززززززززززززززززززززززززززززززززززززززززززززززز  ر -
(Universities)  

مرم زززرماب زز  ر ماززخر -
(Research 

Centers)رر

تززززدمخ  رماماززززرفر -
ذم ر عززززز ررذمتززززززتر
(Banking Self-

Attending 

Interfaces). 

م ززززززززززترمكرملانترنزززززززززز ر -
 Internet) مابيتزززت

Home Banking) 

 زززززب   رمامية مززززز  ر -
 Municipal)مام ةي 

Information 

Networks) 

رملانترن رب درذمتقر -

فعززز ىم رماماززززرفر -
ذم رما عززززززززززززززززززززززززززززز رر

 ماذمتت

(Banking-Self 

Attending Spaces). 

م  زززززز كر مازززززز ط ر -
 مية م  رمام مطنين

(Citizens Information 

Stands or Kiosks). 

مامرم ززززززززززززززرما ل فيززززززززززززز ر -
 ماترفينيززززززززززززززززززززززززززززززززززززززززقررر

 ..ماسينم  ر ماخ
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 ت يزررملنزز مرملاسززتخدممر يز رمظنززر رمادرمسزز  رمنرمازززمنرمازذاريت مةززدرملانسزز نرفيزقرعززمنرمام زز نرقززدر
بيدرمنر  نرفترملانم طرملاخر رمنرمس اي رمايملرقدريالرما رطز ملرما قز ر%ر40ر-50تترم حربينر

 ر.ماذاريت مةدرفيقرما خصرعمنرتأدي رمالي اي رماخ ا ربق

 
 ا ستنتاجات

رمنر  نقرمستندم رر ثذمري تمر ةين رمنرناممقر م  نرم    رميرفر  رم  نرمعترملافتمابحرمالع ىر -
 م رث ررملافترمعتب الع ىررمنم فن  ي رمابيئ ر ملا س سرب ام  نرر((Space م  ررمنر  نقرفع ىر

يم نرر.مابيئ رماليزي ئي ربزمئرين رتك رنلسرمال مئدر ماتأ يررب ازمئرينر م رفةقرما  لرفترمالع ىرماليزي ئتر
رملافترمعي ةي رماتترتيطتر ري ر بيرلرا م  نرا ر رنستل دلرمنرمامب د رماتترط ر رمنرق بةي  رمات لام

ر رماليزي ئي  رملام  ن رمن رملام  نرر.م  ر رنخنق رف  رمتي  ستين ر  ةتين رمزج رفت ري من  مات دا
 .ملا س سرب ام  نررانلط رتةردث رمن ررر لارنةيةن رمفترمعي ر  اير بةيةن ر ليل ر  ايرملافترمعي 

رماخطر   - ريملأ من رلا رماليزي ئت رب اي ام رف ام  ن ر مام  ن رمالع ى رف رل ربين رب ا ل ئقررملارتب ك فلط
رب ان سر   م  رن  ط تنم ر ا نرميع  ر ملاد م ر تم يلر مةن  رملاخرينر ماتنبيقر.  ملا س سرب ة د
ر م  مةتن رماخ ا  رفي اي تن  ربأن  ى ران  رتسمح رماتت رفي اي  رملاخرينالي اي تنم رما رمين رر.م فتيطت

ر في اي تن  رنذث رما رما ل  رمامب  رلر.اتارف تن  ر انذم رنستير رلازان  رمام تب  ري انذم رما ت رمن ر
رمامب ري  ر رما  ر نذث  رملانترن  ر ب   رخ ل رمن رزي رتن  ريم ن رمنق رما رمامت  ف رنز ر  م زان 

 .فترمابي  ملاةتم    رمارمنقريم نرقرمىلرمانت ئجر ماخط م ر

مام  نربأم  ني  رملامتدمدر ملانتل لرما  اي رمت لل ر ليم رغيررمة ي رما ة در ا نربت يررتا رن رن   ر  -
فمنرخ اقرت ةدرملا ي ىر منرم  نقريم نرا نس نرمنر(رما ة دي ر ملافترمعي )عمنرم ثيتقرما  اي ر

رماليلر ماتأ ير  ملانس نرفترطم  قرات ليقر تأسيسرف ريم نرا ئرمنري  نرملارفترمام  نرر.ريبدأ
 . ة د ربس نقرملارضرررلاريم نرمنريت ددرب ي  رمام  ن

فنزز ريي ززسرتنظيمزز  ر م يزز  راةين اززرراخةززقرفعزز ىر.ر ىرملامزز  نراي زز نرم عزز    رميلززدم ريظنر مززلر من زز -
  ري ززز نرمالعززز ىرم  نززز:ربتيبيزززررمخزززرر.رتيبيزززررالزززيمرما ززز غةينرازززقر امةزززتمينمر ييطزززتم ئزززمراةلي ايززز ررر

 .امستخدميق

 ندم رنل ررب الرقرم بينرمام  نر مالعز ىرمزنرمنظز ررملا ز مررنزر ر سز ئلرمختةلز رتزدخلربت ن ا ةيز ر -
ما رفي اي رنازي ررت ز نر(رماليدي )فيندم ريع فرماا  رم رماا رلر .ملاتا لا راتةي رمد مرمرمختةل 

 بز رلر زنرنز عرمزنر سزطرةديززدرمانتيةز رازيسرفلزطرنز عرمزنرنظزز مرمزاربي نز  رم  زرر ا زنرمانتيةز رت زز نر
 . ب ات اترف رر سة كرمان سريتأ ررتب   

فززززتر اززززررما زززز رلررنتيةزززز رمات يززززررفززززترملنزززز مرمالعزززز ىر-منرطبييزززز رمام زززز نرفززززترمالعزززز ىم رماذ يزززز ر -
 . م ةدرم ريسم ربزرمانط قرمامتيددرمالي اي ر مد رما رزي دلرماملدرلرما ظيلي ررررر-مامية م تي ر
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 القران الكريم يدعو لمبحث في تاريخ العمارة
 

 حسان محمود الحاج قاسم       حفصة رمزي ألعمري                                                                 .د    
 جامعة الموصل/مدرس مساعد                                                        جامعة بغداد            /أستاذ مساعد   

 اليندسة المعماري/ كمية اليندسة قسم    كمية اليندسة قسم اليندسة المعماري                                          
 

 الخلاصة 
ةيوو معةورة عون ةرور , ا الدراسوات المعماريوا تىميوا رةيورة يعد علم تاريخ العمارة احد حقولل المعرةوا التوو تللتيو   

ترمون مكورلا الةحوث ةوو عودم لجولد تضولر لاضود لأىميوا دراسوا . الأمم ل حضارتيا ل مجسدة لنتاجيوا المواد  
إن القوران الروريم يودعل للةحوث " . ل تمثلت ةرضيا الةحث ةما يلو , تاريخ العمارة ةو الفرر المعمار  الإسلامو 

 "العمارة ةو تاريخ
لتةعووا  لووذلك تووم تفسووير . لقوود تضوومن الةحووث اسووتقراا لريووات القرتنيووا التووو تةروود تىميووا دراسووا ل تفسووير العمووارة   

لقد تلضل الةحث إلى العديد من الأسةاب التو تعوزز تىميوا دراسوا . تمثلا من تاريخ العمارة ل ةما يعزز الفرضيا
 طا من تعجاز القران الرريمالتاريخيا،  رما اةرز الةحث استنتاجات مستنة

 
THE HOLLY QURAN ENCOURAGE RESEARCH 

IN ARCHITECTURAL HISTORY 
 

ABSTRACT 
   The science of architectural history is considered one of the basic fields of the architectural studies because 

it reflects civilization, intelligence and creation .The present research problem takes to account the confusion 

image of the importance of studying architectural history in Islamic architectural theory . Research 

hypothesis is '' The holly quran encourage research history''. 

   The research contain Ayat al quran that in sure the importance of studying history and   explain examples 

from historical buildings the research in sure the importance of studying historical civilization and buildings, 

and draw some conclusions from al quran miracles.            
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 : مقدمة 
ةمنذ القرن التاسع عكر ةدا ...لاحاجا للتذرير ةالاىميا التو ارتسةتيا العمارة الاسلاميا للاتزال  

المستكرقلن يةحثلن مختلف الجو العمارة الاسلاميا رنتاج حضار  ماد ؛لاتزال الى ىذا اليلم تتنلع لتختلف 
ات استخدام لتطلير احدث اللسائل التحليليا الرقميا المناىج لالتلجيات لالرةى حلليا، لتحالل ةعض الدراس

لدراستيا، لان الاختلاف ةو لجيات النظر لاستمرار المناقكات لالةحلث لدليل على اىميا العمارة الاسلاميا 
 . لقيمتيا الحضاريا

 لمنذ مطلع القرن الخامس عكر اليجر  التو ضاحةتيا الضحلة الاسلاميا و ظيرت تلجيات ةحثيا جديدة
يقلم ةيا ةاحثلن مختضلن مسلملن؛ لاتتنالل العمارة الاسلاميا رمنتج حضار  ماد  ةقط؛ ةل تةحث ةو تاْثير 

رعقيدة لركريعا و  الاسلام و رعقيدة لركريعا و على ىذه العمارة، لتحالل ايجاد السةل لتفعيل دلر الاسلام و
 .لتلجيو المضممين لانتاج عمارة اسلاميا معاضرة

و جديد؛ حديث النكلا نسةيا؛ يحالل التقدم ةكرل اعمق ليس لدراسا العمارة الاسلاميا لقد ظير تلج
للعقيدة لالكريعا علييا ةقط؛ للرن يحالل تاضيل منيج ةرر  اسلامو لتنالل  -ةحسب، لليس للتاثير المةاكر 

ال لدراسا العمارة  -ستقةلا ماضيا للاقعا م -مختلف المجالات الفرريا المعماريا سلاا لدراسا العمارة الاسلاميا 
" العللما " عضرنا الذ  اتسم ةو للمسلمين دلرىم ةو القيادة الفرريا ةو  ةيجب ان يرلن... العالميا ةكرل عام 

التو تتخذ الضراع الفرر  راىم لسيلا ليا لمن ىنا تاتو اىميا الةحث ةو ةيان اىميا دراسا العمارة العالميا من 
  .منظلر اسلامو

 
 :اسات القرآنيةالدر  -

ان الاستيداا ةيد  القرتن الرريم ةو مختلف المجالات المعرةيا لالعلميا يعد احد محالر المعرةا الميما؛ 
لالى اليلم، قال  –القرن الثالث اليجر   –ةقد ظيرت الرثير من الدراسات ةو ىذا المجال منذ عضر التدلين 

لىناك الرثير من الايات الاخرى ةو ىذا المعنى (  85لنحل،ا)  كل شيءبونزلنا عميك الكتاب تبيانا  تعالى
 .ةالقرتن الرريم رتاب ىدايا 

لةو العضر الحديث ظيرت الرثير من الدراسات التو تةين الاعجاز العلمو ةو القرتن ةو مختلف 
ةان القرتن مجالات الفلك لالجغراةيا لعللم الحياة لالطب لعلم النفس لغيرىا  لرن من الميم اعادة التذرير 

للقد الد ةعض المعاضرين على تحميل ايات الله  -ةمفيلم العللم ةين الناس  -الرريم ماجاا ليرلن رتاةا علميا 
يتضمن حقائق : ىناك المعرةا القرتنيا ذات المضدر الاليو... معان لتفاسير علميا لم تقضد الييا الةتا 

لعلميا ذات المضدر الةكر ؛ حيث لاتلجد ةو اللاقع حقائق لىناك المعرةا ا... لمسلمات مطلقا ثاةتا لاتتغير 
راجع  -( 51-5،ص5858خليل، )قد تخطوا لقد تضيب ( احتماليا )نيائيا؛ لان معطيات العلم الةكر  ىو 

   .على سةيل المثال منيج ةلير ةو الاحتماليا
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نفسو )يج الضحيد ان القرتن الرريم يقدم اىداف العلم لمةادئو الاساسيا  ليقدم اكارات للمن
لةيو الحث لالتكجيع على الةحث لالتقضو ال الرةيا لالتفرير لالتعقل لالتعلم ةو مختلف ( 85،ص58ص

 ( .558 -518، ص5858خليل، )مجالات الحياة التو اكار ليا 
جانب تخضضو، لجانب التفسير : رما يجب على الةاحث ان يرلن على قدرة على التعامل مع جانةين

ث يمرنو الاستفادة من الاتجاىات الحديثا ةو مجال التفسير القرتنو التو تعتمد مفردات القرتن القرتنو، حي
لالذ  من كأنو ان يمند الةاحث " ةالتفسير الةيانو للقرتن"لمنحنياتو الةيانيا لفيم مضامينو لمعانيو ةيما يعرف 

، 5858خليل،)دلالات اللفظ القرتنو  ضمانات ملضلعيا لنكاطو تحميو من الاةراط ال التفريط ةو اللضلل الى
لةذلك يتةين اىميا  دلر العلم  ةو استخدام رنلز الرسالا لتفضيليا ةو مختلف مجالات المعرةا ( 551ص

 . لمنيا العمارة
 
  :السابقة العمارة في الدراسات القرآنية-*

اكلاطا ةعيدة ةو  ىناك ةعض المحاللات ةو مجال العمارة، ةالرغم ان الدراسات القرتنيا قد قطعت
انظر على )مجالات معرةيا اخرى ةالدراسات القرتنيا عن المدينا لالةيئا الحضريا ةييا محاللات اقدم لارثر 

 . لالتو تعتةر اقرب حقل معرةو للعمارة( 25-58،ص5858ناجو،: سةيل المثال
"(                               5858"دراسا عةد العزيز اةا الخيل )من ىذه المحاللات ةو مجال دراسا العمارة 

الةناا ةالطين، ) عن طريق لسائل الةناا لالتكيد التو يكير ةييا الى ةعض اللسائل الةنائيا ( ةالانرليزيا ) 
التو يحالل من خلال ةعض الايات الرريما تتةع ( لالطين المفخلر، الخيام، الةناا ةالحديد لالزجاج لالقةاب 

لالتو تةدل انو رةما  اةرط ةو تحميل ةعضيا  -ليذه التقنيات الةنائيا -رنا مع علم الاثار مقا -الةدايات الاللى 
مثال ذلك رلامو  -معنى زائدا يحتاج الى المزيد من التقضو لالةحث ما ةين الدلالا القرتنيا لالدلائل التاريخيا 

ا تتنالل مضطلحات الانكاا لالعمارة لمنيا دراس( 5858-راجع دراسا عةد العزيز اةا الخيل )-عن نكلا القةاب 
التو لردت ةو القرتن الرريم من حيث الملاد الانكائيا لطرق الةناا لمراحل التنفيذ، لقد اكار الى الرثير من 

مثل  -لرنو ةعيد جدا ةو رثير منيا عن دلالاتيا الةيانيا، لحمل رثير منيا معانو لاتتحملو ... المضطلحات 
ان من طين الى ذرر الطين رمادة ةناا ، ال ذرر حجارة العذاب التو من سجيل ال الاكارة الى خلق الانس

ال ةقيا مفاىيم انكائيا مثل الحمل لالثقل الى ايات ذات دلالات " يثنلن ضدلرىم " مضطلد الثنو الانكائو من 
 (. 5888راجع سامو راظم )ةعيدة لغيرىا 

حيث تتنالل الالفاظ القرانيا عن ملاد .... ة ةو القرتن لىناك مثلا دراسا لغليا دلاليا عن الفاظ العمار 
ان الدراسا تقدم خلفيا دلاليا . الةناا ، لالعناضر المعماريا لانلاع المةانو لالاةعال المقترنا ةعمليات الةناا 

مناسةا لرل لفظا متتةعا مضدرىا لجذلرىا اللغليا من المضادر المعجميا لمتتةعا راةا الاكارات ليا ةو 
لرذلك تميز الدراسا ما ةين الالفاظ التو جاات تحمل معنى عاما ال تلك التو ... ختلف التفاسير القرتنيا م

 ( .  5115راجع نجلاا مرعو ) تحمل معنى معماريا ةالخضلص 
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ان ىذه الدراسا قيما من حيث تتةعيا للاضلل اللغليا لرل لفظا تدل على الةناا لاراا المفسرين ةييا، 
 . ان يستفيد منيا لتغنيو عن الةحث ةو مضادر اللغا لالتفسير -المعمار   -للةاحث المختص ةحيث يمرن 

 (5111راجع العمر ،)عن اثر الدين الاسلامى على العمارة  لةرزت دراسات تحالل تقديم نظرة كملليا
الاعجاز )لاعجاز القرتنو اة لالتى عنيت  (العمارة لنظرياتياعلم القرتن الرريم مفتاحا للةحث العلمو ةو ) لدراسا

عن طريق  ل( اللغل ، لالاعجاز الادةو، لالاخةار عن الماضو لالحاضر لالمستقةل، لالاعجاز العلمو 
-انظر المخطط  -العمارة ةو تخضضاتيا المختلفا  علم  الةحث ةو يمرنالاستنةاط ةلاسطا المماثلا لالقياس 

 (. 5885راجع العمر ،.)  -5-ل-5
قدم تةرز الحاجا للمزيد من الدراسات ضمن ىذا التلجو؛ ليمرن ةلاسطا زيادة التخضص لانطلاقا مما ت

ليرى الةحث اختيار مجال ميم للدراسا ةو النص القرتنو، لىل مجال  …التلضل الى المزيد من الفيم لالعمق 
مجال قد اغفلو الةاحثلن ةمفيلميا العالمو اللاسع لليس العمارة الاسلاميا لحدىا حيث ان ىذا ال" تاريخ العمارة"

 -ةو زمن العللما لاتضال الحضارات  -لتةرز الحاجا ( -5-رقم  انظر مخطط)العرب لالمسلملن ةكرل عام 
 .الى اىميا دراسا ىذا المجال لةق نظرة اسلاميا كملليا، نظرا لرثرة الاكارة لو ةو القرتن الرريم

واضح لدعوة القرآن الكريم لدراسة تاريخ العمارة  في عدم وجود تصورتتمثل  المشكمة البحثيةلعليو ةان 
 . وتفسير تاريخ العمارة العالمية واىميتو في نظريات العمارة الاسلامية

وسيكون اليدف بيان ىذه الدعوة واىميتيا وعميو يفترض البحث ان القرآن الكريم يدعو الى دراسة 
 . خ العمارةتاريخ العمارة العالمية لمتوصل الى حقائق عممية في تاري

 : -ةاذن الله  - لسيستخدم الةحث المنيج الاستقرائى لالاستنةاطى
 : تحديد ةعض التلجييات العالميا لدراسا تاريخ العمارة لذلك لةيان  -     

 .ةيان اىميا التفات المسلمين للتخضص للةحث ةو ىذا المجال           
 . حا للتامل ةو تاريخ العمارة عزل الايات القرانيا التو ةييا اكارات لاض -    
لضلع سيرتفو الةحث لمنتائج ميما لنظرا لاتساع اةتحليل امثلا تاريخيا لةيان مدى الاستنةاط للخرلج  -    

 .ةتحليل امثلا من العمارة المضريا القديما
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  :بعض التوجيات العالمية لدراسة تاريخ العمارة -

لاحاجا للتذرير ةاىميا تاريخ العمارة سلاا ةالنسةا لممارسا المينا ال ةالنسةا للتنظير المعمار ، ةمنذ 
لظيلر الاراديميات المعماريا، لتاريخ  العمارة يستحلذ على مساحات لاسعا من  -ةالذات  -عضر النيضا 

 يمرن مراجعا) لةتتةع تطلر الممارسا لالتنظير لالتعليم المعمار  ةو القرلن الارةعا المنضرما ... الاىتمام 
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Architectural Forms of Sources 1995,،Gelernter )  يمرن ملاحظا ذلك، لميما رانت الملاقف
غريقيا الا)تجاه التاريخ ةيو لاتخرج عن رلنيا تلجيات تفرض لجلب التعامل مع الطرز الرلاسيريا 

حيث تعتةرىا المضدر المثالو للعمارة لذلك يتةع الايدلللجيا الغرةيا التو تعتةر الاغريق مضدرا ( الرلمانيال 
مثل احيائيا عضر النيضا، الرلاسيريا الجديدة ةو القرن الثامن عكر، انتقائيا القرن التاسع )للثقاةا لالحضارة 

 (. ثاعكر، لانتياا ةةعض تلجييات عمارة ماةعد الحدا
رما ةرزت تلجيات تدعل للثلرة على العمارة الرلاسيريا ةاعتةارىا تقيد من حريا المعمار لالمجتمع لتدعل 

ال ةو اسللةيا المعمار ( الرلخ الةدائو)الى الانقطاع عن التاريخ، ل الةحث عن اضلل للعمارة ةو الطةيعا 
ال ( مارة ما ةعد الحداثا لخضلضا التفريريا رلمانسيل القرن الثامن عكر، ةعض التلجيات ضمن ع) الذاتيا 

عقلانيل )تلك التلجيات التو تةحث عن الاضلل ةو التعةير الانكائو ال اللظيفو ال تةعا للظرلف الاقتضاديا 
ال تضلرات تةحث عن الاضلل (. القرن التاسع عكر لالعمارة الحديثا ةو النضف الالل من القرن العكرين

( Vilder 1995) ثىل الثالل  padimenلاضل الو  altersارة مثلا ةاعتةار اضل الاعمدة الدينيا العقائديا للعم
. 

عقلانيل القرن الثامن عكر ) تلجيات تدعل للتعامل مع مناحو معينا من العمارة التاريخيا دلن اخرى
 (. لتلجيات العقلانيين الجدد ةو عمارة ما ةعد الحداثا( type)الذين الجدلا ةررة النمط 

يلجد العديد من التضانيف الثانليا الاخرى ضمنيا لالتو تتعدد لتختلف  -ن ملاحظا التلجيات اعلاه لم
يلاحظ ان العمارة ما ةعد الحداثا التو ةدتت من ستينات القرن العكرين تكمل جميع  -حسب مختلف المضادر

يمرن متاةعا (       ) Pluralism) التلجيات المختلطا، ةالممارسا لالتنظيرةو العقلد الاخيرة تميزت ةالتعدديا
 ( . Today Architecture Jencks, 1996) ذلك ةو الممارسا المعماريا ةو

ان ىذه  التعدديا ةو لجيات النظر، لمنيا التعامل مع التاريخ، ىو سمات نظام العللما الذ  ةالرغم مما 
لىرذا (. 528،ص5885الجاةر ، ) -مريرو ةالذات الا -يدعيو من العالميا الا انو مترئ على النملذج الغرةو 

لةالتالو  -النظرة السائدة حلل المررزيا الغرةيا للثقاةا لالحضارة  -من الناحيا الايدلللجيا لالعقائديا  -تستمر 
لالى جانةيا النظرة المعارضا لالتو ىو ةدلرىا ةرغم  -سيادة التاريخ الرلاسيرو لالطرز المعماريا الرلاسيريا 

 . لانقطاع عن التاريخ الا انيا ايضا تعتةر الاخر المعارض ةو نفس المررزيا الغرةيادعلتيا ل
لمع ذلك ىناك تلجيات اخرى معارضا تحالل ان تجد ةييا المساحا المناسةا على المسرح الثقاةو، منيا على 

 ,Esbitt ةو الرةا لالتو لاتزال ليا مةيدين ةو الفرر الغرةو خاضا  الماررسيا التلجيات ةعض: سةيل المثال

1996, PP 36-37) ) لرةما يرلن من اةرز ممثلييا الايطالوManfredod Tafuri (1980 ) ةيل يتةنى
ليرى ( القيم الغائضا)ملقفا تجاه التاريخ، ةينتقد المجتمع الرتسمالو الذ  كيد المدن لالمةانو رآلات لتضريف 

ةيل يرى . يا التو اثةتت حتميتيا التاريخيا ةو الفنااان العمارة الحديثا قد رسمت نيايتيا من خلال سياست
التاريخ  رخزين من الخدع لالفكل لالطلةاليات غير القاةلا للتحقيق؛ لىذا ةرايو سةب يدعله الى الانقطاع عن 
التاريخ ةو ةعض الطرلحات الفلسفيا ليدعل الى تلجيو الاىتمام ةتطلير قيم المجتمع ، ا  القيم الماررسيا، 
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الى عمارة ةسيطا تعةر عن الحقيقا الملضلعيا رةما تحتاج الى دعم ارةر لةدلن ا  تنليو لكخضيا  ةيدعل
 :اما النظرة الييلديا.المعمار  

الذ  يفترض ةو احد ةحلثو ان العمارة الرلاسيريا ذات اضل Terry Quinlan (1983 )لتحد ممثلييا 
ثم تجسدت ةاتم ضلرىا ةو عمارة النةو  ليو السلام عمما يلحو اللا ةكرل ةسيط الى النةو ملسى " اليو"

ىو الاضل الحى ةيا الله رو  Ordersةو ةنائو للييرل ةو القدس، لىرذا ةان الو  عليو السلام  سليمان 
من اضل الالتاد الخكةيا التو رانلا يستعمللنيا لحمل   Orders Donicلان الو  يستعمليا الكعب المختار،

تذرارا ةتضحيا  -من اضل قرلن رةش التضحيا على مدخل المذةد    Orders Ionicم لالو الستائر ال الخيا
الكجرة  -من اضل استخدام جذلع النخيل   Orders  Corinthionلالو -حسب ادعائيم  -اةراىيم ةاةنو اسحق 

ارض  -مقدسا ةعد احتلاليم للارض ال Ordersلان الالرةيين تعلملا ىذه ... المةاررا ةو مداخل المعاةد 
) لىل يستدل على ةرضياتو ةاستكيادات من رتاب  العيد القديم لالدلائل الاثاريا : حسب ادعائيم -اسرائيل 

 (. 5ل2لاحظ كرلى  
سلف ترلن  -ةطرزىا الرلاسيريا  -لىرذا نلاحظ انو حسب ىذه الاةحاث ةان المررزيا الغرةيا ةارمليا 

تقةل الالساط ةو الغرب ةو ىذه المثال لمنيج الاخذ عن الرتب المقدسا  رما نلاحظ!! تةعا لتاريخ ةنو اسرائيل 
 5855حيث ان ىذا الةحث قد نال الجائزة الالرةيا لاعادة اعمار المدن للعام ( النقل حسب تعةير المسلمين ) 
(AR, No.1032, P.29 ) لمثل محاللاchamoust de Ribrd   ةو طرح الل نمط للمعةد رمةنى رمز  من

لجعلو على كرل مثلث لتضلرات   masone Freeع الاكجار متأثر ةعقائده لطريقتو تفرير الماسلنيا جذل 
laugier Abbe  (ىيرل سليمان)حلل المعةد الاضلو  (97-P 25. 1995 Vilder .)لةذلك يتعزز دلر 
                                                .                                    ةو تفسير تاريخ العمارة الاسلامو منيجال لاىميا

 وفق الييودordersتطورال(-0-شكل )                
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 ( لامعميو الس)مخطط افتراضى لييكل سميمان           مخطط افتراضى لمعبد موسى       

 الؤقت فى سيناء(عميو السلام)
 

 
 منظور افتراضى لييكل سميمان فى القدس                         

 (Quinlin,1983)تصورات افتراضية لمييود ( -3 -شكل)                     
  :الآيات القرآنية التي تشير الى تاريخ العمارة  -
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جملعا من الايات القرانيا التو اكارت الى العمارة ال ةعض عناضرىا ال ملاردىا لالتو لقد تم عزل م 
جاات ةو سياق الحديث عن الاقلام الساةقا، لمن الجدير ةالذرر ان ىناك ايات اخرى ةييا اكارات مماثلا ةو 

لم يتطرق  (م على ضاحةيا لالو اةضل الضلاة لالسلا) سياق الحديث عن احداث عاضرت الدعلة المحمديا 
 :ةيما يلو ىذه الايات مرتةا حسب لرلدىا ةو القرتن الرريم -ليا الةحث 
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ماتقدم من الايات الرريما، لىذا مما يلضد دعلة القران الرريم  للنظر ةو اثار الاقلام السالفا عرض رل لةعد 
الم يرلا رم اىلرنا قةليم من "، "اةلا يسيرلا ةو الارض ةينظرلا", "اةلا يعقللن")لدراسا عمارتيا مثلا قللو تعالى 

قد التقطلا  -خضلضا العلميا -يا الاخرى لمن الغريب حقا ان الاختضاضيين ةو المجالات المعرة(. "القرلن
رل كاردة للاردة من الفاظ القرتن الرريم الذ  لاتفنا عجائةو ، للرو يلغللا النظر ارثر ةو اختضاضيم ، لةقو 

 ... المعماريلن ةعيدين عن التقاط المعنى عن تاريخ العمارة ةو رل ىذه الايات الرثيرة؟
ةو القرتن الرريم دعلة ملحا لدراسا عمارة الاقلام السالفا، للاكك ان من رل ما تقدم يمرنا الاستنتاج ةان 

المختضين ةو العمارة ىم اللى الناس ةذلك؛ لرو يقارنلا ما يعرةله من عمليم مع ما تدل عليو الايات من معان 
استعراض سريع  لقةل محاللا تحديد المجالات التو يمرن التعامل ةيامع تاريخ العمارة ةو القرتن، سيتم اللا... 

 . لاةرز التلجيات العالميا لدراسا تاريخ العمارة 
 
 : تاريخ العمارة في القرآن الكريم -

من رل ما تقدم يتةين ةلضلح اىميا ان يرلن للمسلمين رةيتيم الخاضا ةيم للتاريخ ةكرل عام،لةكرل 
لرل ةئا ةو " ضراع "مناةسا لخاص ان ترلن ىناك نظرة خاضا تجاه تاريخ العمارة، ةقد تةين ريف ان ىناك 
لرةما ةسةب ىذه الاىميا ... ان تنكر اةرارىا لايدللجياتيا ةو مختلف المجالات لمنيا ىذا الحقل المعرةو الميم 

لتاريخ العمارة التو ارتسةت ىذه الاةعاد الايدللجيا لالعقائديا لالتو لم ترن ةو سالف الازمان، لالتو تزداد 



 حفصة رمزي                                                                                      القران الكريم يدعو لمبحث في تاريخ العمارة  
 حسان محمود

 

 588 

قد يرلن ليذا السةب ةالذات ىذا الالحاح المتررر ةو القرتن الرريم على الدعلة للتامل ةو اىميتيا ةمرلر الايام، 
 . اثار لمسارن الامم السالفا  حيث يمثل القران الرريم المضدر المعرةو الاضيل ةو ىذا المجال

للىا ةحلث ليمرن تحديد ةعض جلانب الاىميا ليذا الملضلع ةو علم العمارة ةيما يلو، لالتو يرجى ان تت
 :اخرى لنقد ما ةييا لتلتفت الى جلانب اخرى لم تلاحظ ىنا

  
 : استخلاص العبر العامة: اولا 

، المجال ( 88،ص 5858، (ت)خليل ) يعد مجال استخلاص الحرما لالعةر من تاريخ الامم السالفا 
، لقد يرلن من الممرن ةو المةاكر لقد يرلن المجال اللحيد الذ  تناللو المفسرلن منذ قرلن ، لالى اليلم 

عضرنا ىذا استخلاص المزيد من العةر اذا مادرست ةعنايا العلاقا ةين الحياة الاجتماعيا لتلك الاقلام لما ةين 
خليل ) لىو تدلنا على سنن الله ةو تطلر الحضارات منذ التضلر لحتى السقلط ... عمارتيم 

. لال الرلام ، ةانو لن يغنو عن المكاىدة اللاقعياةميما ران التضلير ةليغا من خ( 554-588،ص5858،(ت)
مثلا من .]ةيتأمل عمارة الاقلام السالفا يمرن للمرا ان يتضلر ما رانلا عليو من قلة لمن نعما انعميا الله علييم

التاريد و [يمرن تضلر القلة لالتمرن التو ران علييا الرلم Colosseumال ملعب  Pantheonمكاىدة معةد 
اةمن اسس ةنيانو على تقلى من الله  خيرا ممن اسس  على ان ما ةلغتو ىذه الاقلام لايدلم ةدلن تقلى الله 
 . ةنيانو على جرف ىار ةنيار  رةو ةو ةو نار جينم 

 
 :  الاستفادة من الخبرة الحضارية المعمارية المتراكمة : ثانيا 

ار الاقلام السالفا قد تدل على الظلم لعلى عاقةا اليلاك الا ان الحرما ضالا المةمن لةالرغم من ان اث
الله تعالى ةنفع عةيده رانت جديرة ةالثناا  ىان ران اريد ةيا رض"ان ما كيدتو الاقلام السالفا من اةنيا لعمران 

لتلحيد لاجلا، ةاما اذا اىمل ارضاا الله تعالى لاتخذت للرياا لالغرلر لالعظما لرانلا معرضين عن ا عاجلا
لعن عةادة الله انقلةت عظما دنيليا محضا لا ينظر ةييا الى جانب النفع للاتحث الناس على الاقتداا ةو 

لىرذا (  512ص ،8قطب، ج" ) تاسيس  امثاليا، ةضار لجلدىا عةثا لانيا ضلت  عن رلح المقاضد الحسنا
يمرن للمعمار  المعاضر مثلا ان يستفيد ةدراسا تلك الاةنيا لالخةرات المترارما مةسسا خزين معرةو معمار  

 .من منيجيا لاساليةيا العمرانيا  ةعض ما ةييا من حللل انكائيا ال ةيئيا ال غيرىا
 : تدوين تاريخ العمارة بشكل محايد: ثالثا 

.. لقد مر اعلاه ريف ان معظم التلجيات العالميا تحالل ان تدلن تاريخ العمارة ةكرل يةيد ايديلللجيتيا 
الةاحث المسلم غير مطالب ةاقحام تغيرات معينا على تاريخ العمارة، لانما يجب ان يةحث عن الحقيقا ان 

 . المطلقا ةحسب، ةالاسلام دين الفطرة الةعيدة عن التزييف
ليجب اتةاع ةو ذلك المنيج العلمو للتاريخ  قل ىاتلا ةرىانرم  لالمسلم مطالب ةالةرىان ةو رل مجال 

 : الى جانب الميارة ةو تنالل الجلانب المعماريا ةما يلو -تضف الذ  يفضل ان ي
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 ( .552-558،ص5858،( ب)خليل ) 
 .ةما ةييا الرلايات ةو مضادر المسلمين نفسيا -الحس النقد  التاريخو للمضادر  -
 . تحقيق التلازن ماةين مختلف الجلانب الحضاريا -

 .الاةتعاد عن اتخاذ ملاقف ةلسفيا تجاه اللاقع -

ةما ةييم المستكرقين على مستلى المنيج  -ذ ملقف علمو تجاه معطيات المةرخين الاخرين اتخا -
 . لالملضلع لعدم التسليم المطلق ةيا ال تجالزىا

لمن الملاحظ ان ىذه الكرلط ةو الةحث التاريخو تتفق مع الكرلط التو لضعيا تلماس رلىن ةيلسلف 
 (.552-511،ص 5858رلىن ، )الاخرى  رتاةو تاريخ العللم لالمينةو  لمةرخ العللم 

 
 : علاقة العمارة بالظواىر الحضارية : رابعا

الاقتضاديا  -من خلال دراسا تاريخ العمارة يمرن تفيم علاقا العمارة ةالجلانب الثقاةيا لالاجتماعيا 
المظاىر تكير الى العمارة ةو سياق لضفيا لةعض  -التو ذررىا  -ةكرل اةضل ، حيث ان الايات الرريما 

)              " التاريخ الخارجو"الحضاريا للاقلام الساةقا ، لىو ما يسميو الةعض  -السلةيا منيا لالايجاةيا 
، لان استخلاص العةرمنيا يساعد ةو ةيم العمارة المعاضرة رذلك ، ليساعد على تفيم (514،ص5858رلىن،

فيد التعالن ةو ىذا المجال الةحثو ما ةين المعماريين لقد ي. ما يجب ان يحالل المضمملن لاةنيتيم المستقةليا
 لالمةرخين لالاثاريين لعلماا الاجتماع لمما يلضد التغيرات الحضاريا على تطلر علم العمارة 

 : دراسة تطور المنطق الذاتي لمعمارة : خامسا 
و، ال مايسميو الةعض يقضد ةذلك الجلانب المعماريا الةحتا من حيث اللظيفا لالترلين لالنظام الانكائ

ران ةييا القليل من  -سالفا الذرر  -، للئن رانت الايات (514، ص5858رلىن ،" ) التاريخ الداخلو"
رةع اةراىيم لقلاعد الةيت، ال ايقاد النار للطين لةناا الضرح لفرعلن، ال مراحل ةناا سد : مثل)الاكارات لذلك 
مجال ، لرذلك ىناك ايآت اخرى لردت ةو غير سياق الرلام عن ةيو ترفو للاىتمام ةيذا ال...( ذ  القرنين 

فأتى الله ببنيانيم من القواعد فخر عمييم  الامم السالفا ةييا ذرر لةعض ىذه الجلانب مثل قللو تعالى 
                                                  الانكائو ، لرذلك                   التو ةييا ةلضلح اكارات قليا لمنطق النظام( 06النحل ،)  فوقيمالسقف من 

  لبيوتيم سقفا من فضة ومعارج عمييا يظيرون، ولبيوتيم ابوابا وسررا عمييا يتكئون، وزخرفا وان كل ذلك
ةالةيت ةو ىذه الآيات يكير لنلع لظيفو لىو كاملا لمختلف ( .  28-52الزخرف ،)  لما متاع الحياة الدنيا

ةو السقف اكارة للنظام الانكائو، لالمعارج اكارة الى نظام الحررا لالاةلاب اكارة لعلاقا الداخل :اريا النظم المعم
اكارة الى الزخرةا لالتزيين  –رما ىل لاضد  –ةالخارج، لالسرر اكارة الى التأثيث لالتضميم الداخلو، لالزخرف 

امرانيا استغناا العمارة عنيا  يكير الىا لمن الملاحظ ان لفظا زخرف جاات ةو ايا منفضلا للحدىا مم. 
لقد ترلن ىذه الايا الرريما من اكمل الايات التو ةييا اكارة الى جميع . لرلنيا من العناضر الرماليا ةييا 

 . لالله اعلم... نظم العمارة  لاىميتو لالجمال ةو العمارة 
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 : الاىتمام بالحقب المعمارية: سادسا 
ارة ىل تضنيفيا الى ةترات زمنيا، ال مجملعات طرازيا، ال تضنيفيا حسب ان مما يكغل مةرخو العم

تطلرىا التقنو، لقد رتب القران ةو رثير من سلره التتاةع الزمنو للاقلام السالفا، لةالتالو يمرن ترتيب تطلر 
 .العمارة لتلك الامم

والله جعل لكم من بيوتكم  و تعالى  لىناك ايا رريما تكير الى تطلر علاقا الانسان ةالمسرن لالعمارة ةو قلل
سكنا وجعل لكم من جمود الانعام بيوتا تستخفونيا يوم ظعنكم ويوم اقامتكم ومن اصوافيا واوبارىا واشعارىا 

، ( 55-51النحل ،)  اثاثا ومتاعا الى حين، والله جعل لكم مما خمق ظلالا وجعل لكم من الجبال اكنانا 
الخيام ) من الريلف، الى السرن المتنقل : س لتطلر علاقا الانسان مع السرنلةييا ةكرل لاضد ترتيب معرل 

لران ةييا دعلى للتساةل عن التطلر من اللضع الحالو الى الاقدم، لىذا عادة ... الى السرن الثاةت ( 
مايحدث عندما تستكير ظاىرة معينا الانسان ةيةدا ةالتقضو عن اضلليا ةكرل معرلس، ا  من حاظره الى 

  . لالله اعلم ... الماضو 
 

 : فيم اصول العمارة الاسلامية : سابعا 
ان الاختلاف حلل اضلل لتطلر العمارة الاسلاميا لا تزال تكغل حيزا رةيرا، لانو لما يةسف لو ان 

ض الةاحثين المسلمين قد تلسعلا لاجتيدلا رثيرا ةو دراسا العمارة الاسلاميا ذاتيا، لىناك القليل ةقط ممن تعر 
عن " اجنةيا"لدراسا عمارة الاقلام الساةقا ال المجالرة ، ناىيك عن من  تخضص ةو دراسا تلك التو تعتةرىا 

للاكك ان التلسع ةو دراسا عمارة الكعلب يساعد ةو التقضو الضحيد لالملضلعو لاضلل العمارة ... الاما 
ةنتائج  دراسا عمارة الكعلب المجالرة يساعد الاسلاميا  لرذلك استخدام المنيج التحليلو لالاستنةاطو للخرلج 

للايفلتنا ان نذرر ةاىميا ىذه الةحلث ةو ةيان اعجاز القران ةو الاخةار عن .ةو الركف عن التاثر لالتاثير
 . الامم الساةقا لمالذلك من تعزيز ارران الايمان لتثةيت الدعلة 

 : امثمة من العمارة المصرية القديمة-
لقد تم اختيار العمارة المضريا لانيا . امثلا لةعض الجلانب التو تقدم ذررىا اعلاه ةيما يلو ةقط ةضعا

من ارثر طرز العمارة التو تعرضت للتنقيب الاثار  لالتلثيق لالدراسا، اضاةا الى الاكارات  الرثيرة عن مضر 
 . ةو القران الرريم

 
 :فرعون ذو الاوتاد : اولا 

لةالرجلع الى (. 51الفجر، ايا ) لةو سلرة ( 55ص، ايا )رة لقد لضف ةرعلن ةيذه الضفا ةو سل 
 : المضادر التفسيريا القديما ، ةانيا اختلفت ةو تفسير ىذه الضفا رالتالو

ذل العز لالملك الثاةت، ال لان : انيا ملاعب من التاد يلعب ةيا ، انيا التاد لتعذيب الناس، ال ان معناىا 
لحتى ... لالالتاد التو تحمليا، لرذلك ذىب اخرلن الى انيا اكارة للةنيان  عسارره رثيرة لليذا ترثر خياميم
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مرعو، ) عند ذرر الةنيان ةان ةعض المفسرين المعاضرين، محمد عةده لسيد قطب، اكارلا الى انيا الاىرام 
( م عليو السلا) ليةدل ان الضحيد ىل المراد الاةنيا ، لرنيا ليست الاىرام، ةملسى ( .558-555،ص5115

حسب اتفاق غالةيا المةرخين المعاضرين ، عاضر الاسرة التاسعا عكرة ، ةو حين ان الاىرام ةنيت قةليا ةارثر 
اما ةترة الاسرة التاسع عكرة ةقد اكتيرت ةةناا المعاةد الفخما ... من الف سنا، مع الاسرة الراةعا ال الخامسا 

القاعا متعددة ) ا       ( Hypostyle) عمدة التو تسمى ةو ذات الةلاةات الضرحيا لذات القاعات المليئا ةالا
لىو تختلف عن المساجد  -لىو ذات مقاييس ضرحيا لترلن الاعمدة متقارةا مثل اكجار الغاةا ( الاعمدة 

 . الاسلاميا الاللى المتعددة الاعمدة ذات المقياس الانسانو
الثانو ةرعلن ملسى، لةالرجلع الى اثار ىذا  اما اذا انتقلنا الى تحديد المةرخين المعاضرين لرمسيس

الفرعلن، ليتةين ةعلا انو ارثر ةرعلن اكتير ةةناا الاةنيا الضخما ذات الاعداد اليائلا من الاعمدة من ةين من 
 ! سةقو لمن تةعو من الفراعنا

د عند ةنائو ان يفلق ةو معةد الرمسيسيلم، لىل المعةد الجنائز  الذ  ةناه لرو يخلده، لقد قض: لمن ىذه الاةنيا 
ليمرن (. 455،ص5881كرر ،( ) 4كرل ) امجاد اسلاةو لرل مجد يمرن ان يرنل اليو احد من خلفائو  

 ". الالتاد"ةالرجلع الى رتب تاريخ العمارة المضريا مقارنا مع المعاةد الساةقا لاللاحقا ليتةين انو ارثرىا ةو 
ان ىذا المعةد من اقدم المعاةد : (8كرل) ير ةو الررنكلرذلك الجزا الذ  ةناه ةو معةد املن الرة

لىنا ايضا يرلن الجزا الذ  ةةنائو سنو ... المضريا، لقد ةنو ةو ةترات متلاحقا، رل ةرعلن يةنو جزا ليخلده 
كرر  )        (8كرل) لرذلك يةرز قضر رمسيس الثانو. الالل اةنو رمسيس الثانو ارثر جزا ممتلئ ةالاعمدة

 (.  555،ص5881كرر ،! )من ةين قضلر الفراعنا اضخم قضر ممتلئ ةالالتاد(585ص، 5881،
الضخما التو ةناىا  -ال الاساطين -لةعد رل ىذه الملاحظات يترجد ان معنى الالتاد ىو ىذه الاعمدة 
 . رمسيس الثانو حيث ان الاعمدة ىو احدى العناضر التو تعد من الييةا

 
 (Fletcher, 1964, P.32)  معةد الرمسيسيلم( -4-شكل )                  
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 (Fletcher, 1964, P.32) معةد املن الرةير ةو الررنك ( -5-شكل )              

 

 
 (Fletcher, 1964, P.32) قضر رمسيس الثانو ( -6-شكل )                 
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 ( 85يلنس ،)  فاليوم ننجيك ببدنك لتكون لمن خمفك اية  : ثانيا         
لقد اكتيرت ملمياا رمسيس الثانو نفسو التو تلعد الله ةحفظيا، لقد راجت الاخةار ريف سخر الله من 

 -كرل )طقا اةل سمةللقد اكتير رذلك معةد لمن... يحفظ ليدلم على علاج لحفظ ىذه الممياا حتى يلمنا ىذا 
، لىل من نلع المعاةد المنحلتا ةو ضخر الجةال لقد ةناه ايضا رمسيس الثانو ليدل على تجةره لطغيانو  ( -8
لانقاذ ىذا المعةد من  -التو سخرىا الله  -، لمعرلف رذلك الجيلد العالميا (545،ص 5881كرر  ، ) 

ةيل حفظ ىذا المعةد ( -5 -لاحظ كرل) لقرن العكرين  الطلةان ةفعل ةحيرة سد ناضر الذ  كيد ةو ستينات ا
 -( Macqiy, 1965)الذ  يحل  ارةع تماثيل ضريحا ىو من اضخم المنحلتات ةو تاريخ الةكريا  -الخاص 

 .ىل رذلك لحفظ ذررى ىذا الفرعلن الذ  تلعد الله ةحفظو لالله اعلم 
 

 
 

 (545،ص 5881كرر  ، )  معةد لمنطقا اةل سمةل (-8 -كرل)                        
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 (Macqiy, 1965) مقترحات انقاذ المعبد(-5 -كرل)                        
                                                                       

 ( 55التحريم ،)  اذ قالت رب ابن لي عندك بيتا في الجنة : ثالثا
" ال" الليم ادخلنو الجنا" قد يتساال المرا لماذا دعت امرتة ةرعلن الضالحا ةيذا الدعاا ؟ للماذا لم تدع 

رب "لجنا ؟ ةلماذا طلةت منو تعالى ان يةنو الةيت، للم تقل ال حتى اذا تمنت ةيتا ةو ا" الليم اسألك الجنا
ةالرجلع الى علاقا الحياة الاجتماعيا  لالدينيا ةالعمارة ةو مضر القديما يركف لنا ةعض " ... اجعل لو ةيتا

 . الجلانب
 من المعرلف ان للفراعنا تضلرا منحرةا عن الاخرة، ةيم يتضلرلنيا ةكرل عمارة يمرن ارثر من ةناا

ىو ةو الجزا الغرةو لنير النيل ةمةانييا  -المقاةر لالمعاةد  -ةالعمارة الفخما . دلر سرن لمدن الاحياا
عمارة طينيا ةسيطا، لحتى ةيلت اللجياا  -الى الكرق من نير النيل  -الحجريا الضلةا، لعمارة مدن الاحياا 

ة على كرل ةناا، ليذا طلةت منو تعالى ذلك لىرذا ةامرتة ةرعلن متأثرة ةيذا التضلر عن الاخر . رانت ةسيطا
 . الةناا ال الةيت عنده سةحانو ةو الجنا

الخ للذلك لضف ... ةل انو الزعيم الالحد، لالقائد الاكجع ! لرذلك ران ةرعلن لايضف نفسو ةالالو 
لىرذا ةان امرتة ... ةانو رئيس الةنيائين ، لران يكرف ةنفسو على لضع اسس الةناا ةيده ليتاةع ةاقو المراحل 

" يةنو "لتطلب من الله تعالى لحده ان " ةنااه"ةرعلن التو تلد النجاة من ظلم  ةرعلن تريد رذلك ان تةلا من 
 . لالله اعلم... ليا 
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 : ايقاد الطين: رابعا
استعمال : طلب ةرعلن من ىامان ان يلقد على الطين لةناا الضرح ، لىذا يعنو 525ةو ايا القضص 

للمعاةد ) المفخلر، لرن من المعرلف ان الةناا ةو مضر ران اما من الحجارة لانلاع الرخام         الطاةلق
، لان الطاةلق المفخلر ( 44-41،ص5881كرر  ،( ) للةيلت )  ال من اللةن المجفف ةالكمس( لالمقاةر 

ان الل ةناا ةالطاةلق المفخلر لمن الرجلع الى المضادر الاثريا يتةين ... ةالنار لم يظير الا ةو لقت متاخر 
لةرعلن ران ةو عجلا من امره لانو يريد ... ةالةناا ةالحجارة ران ةطيئا !! ران ةو عضر رمسيس الثانو 

لالةناا ةاللةن ! الاطلاع الى الو ملسى ةاسرع لقت لىذا يتةين من النتيجا التو ةرضيا سلفا ةانو من الراذةيين
لرةما ذلك جاا من اتضاليم ةخةرات الةلدان المجالرة، ةالاسرة التاسعا  -قرر  لايمرن ان يرتفع رثيرا ، لليذا

الةناا ةالطاةلق، الذ  يرلن الةناا ةيو سريعا ، ليمرن ان يضل الى .. عكرة ران ليا علاقات مع دلل الجلار 
 . لالله اعلم... الاعالو 

تو، خضلضا حلل اثار الجزيرة العرةيا ان ما تقدم ىو امثلا ةسيطا ةقط ، لىناك الرثير مما يمرن دراس
على عرس التقنيات ةو  -( 5858ىاملةين، ) التو لم تةدت الركلةات الاثريا ةييا الا ةو نيايا القرن العكرين 

ةالجزيرة العرةيا رانت ىو ميد معظم الرسالات، لىو ملضع .  مضر التو ةدتت مع مطلع القرن التاسع عكر
 . الل ةيت لضع ةمرا

 
 :تاجات الاستن

 .تلضل الةحث للالل مرة الى نتائج ميما ةيما يخص تاريخ العمارة المضريا  -
 .ىناك الرثير من الايات الرريما التو ةييا الحث على تدةر لدراسا العمارة للاقلام الساةقا  -

 الاىتمام العالمو ةتاريخ العمارة، لتضارع الايدللجيات حلليا يحتم على المسلمين ان يرلن ليم ملقف -
 .ناةع من عقيدتيم لرتاةيم الرريم 

على المسلمين التخضص لالاىتمام ةدراسا تاريخ العمارة القديما، لعمارة الكعلب الاخرى، جنةا الى  -
 . جنب لاىتماميم ةالعمارة الاسلاميا 

ان من يةحث ةو تاريخ العمارة ةيد  القرتن الرريم يجب ان يرلن متضلعا ةو علم العمارة الى جانب  -
 . و على اساليب التفسير الةيانو للقرتن الرريم اطلاع

 .ان القرتن الرريم يحثنا على دراسا تاريخ العمارة ليترك تفاضيليا للةكر للتلسع ةو الةحث -

لان القران الرريم يعتةر مضدر اساسو  ,(دعلة القرتن لدراسا تاريخ العمارة)اثةت الةحث الفرضيا  -
 - 5-المخطط رقم ) لاضاف محلر تفسير العمارةعلى ,لتطلرىا للتلضل الى حقائق حلل تاريخ العمارة 

 (.-2-مخطط رقم ) لرما ملضد ةى( 
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 الاستنباط                                     
 
 
 

 المماثمة والقياس                                      
 
 
 
 

        
 (اعداد البحث)استنباط محور تفسير تاريخ العمارة من اعجاز القرآن الكريم (-2- مخطط رقم)      
 

 : لمصادر العربية
 .القرتن الرريم -

  .5858الرتاب لالسنا اساس تاليل العمارة الاسلاميا، كررا مطاةع نجد التجاريا، الرياض، ،اةا الخيل،عةد العزيز -

 .5888سلام، دار الةكير، عمان و مةسسا الرسالا، ةيرلت، عمارة الارض ةو الا ،جميل عةد القادر. ارةر، د -

 . 5888، مررز دراسات اللحدة العرةيا، ةيرلت ،(العللما ) قضايا ةو الفرر المعاضر  ،الجاةر ، محمد عاةد -

اليندسو  اثر الدين الاسلامو على ترلين مفيلم الجماليا لفن الزغرةا ةو العمارة الاسلاميا، المةتمر ،العمر ، حفضا رمز  -
 . 5888الراةيع، جامعا ةغداد، 

اثر الدين الاسلامو على تكريل انماط اةنيا العمران، اطرلحا درتلراه، قسم اليندسا المعماريا،  العمر ، حفضا رمز ، -
 . 5111جامعا ةغداد، 

مجلد  ،5علمو العراقو، جالقران الرريم مفتاح للةحث العلمو لعلم العمارة لنظرياتيا، مجلا المجمع الالعمر ، حفضا رمز ،  -
 . 5885،ةغداد 48

 .5858مدخل الى ملقف القرتن الرريم من العلم ، مطةعا الزىراا، الملضل،  ،خليل، عماد الدين- -

 (.ت) 5858تملز، الملضل،  21التفسير الأسلامو للتاريخ، مرتةا  خليل، عماد الدين، -

 (.ب) 5885سلامو، دار الثقاةا، الدلحا، دعلة الى اعادة رتاةا التاريخ الأخليل، عماد الدين،  -

 القرآن الكريم

 الاعجاز اللغوى

 الاعجاز الادبى
 

الاخبار عن الماضى والحاضر 
 والمستقبل

 الاحكام والتشريعات

 المعنى والتفسير والتأويل

 الاعجاز العلمى

 العمارة

 (المدن)اساليب تخطيط

 نظريات معمارية

 نظريات جمال

 نظم وقواعد شكلية

 غة معمارية جديدةل

 تفسير تاريخ العمارة
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 .5881العمارة ةو مضر القديما، الييئا المضريا العاما للتاليف لالنكر، القاىرة،، كرر ، د محمد انلر -

ترلين الكرل المعمار  لةق نظريا المعرةا الاسلاميا، رسالا ماجستير، قسم اليندسا المعماريا ، جامعا ، عةد الجةار، احمد -
 .  5888،ةغداد

 . ت.ةو ظلال القران، دار احياا التراث العرةو، ةيرلت ، د ،قطب، سيد -

رةيا ىندسيا ةعض المضطلحات الانكائيا لالمعماريا ةو سلر القران الرريم، مجلا اةاق الثقاةا لالتراث ،  ،راظم ، سامو مير  -
 .  5888، مررز جمعا ماجد للثقاةا لالتراث، دةو ،58ل58العددان 

 .5858دار الكةلن الثقاةيا العاما، ةغداد،  ،ةةاد الراظمو لضلاح سعد الله: الضراع الجلىر ، ترجما  ،لىن ، تلماسر -

، قسم اللغا العرةيا، رليا الترةيا، جامعا رالفاظ العمارة ةو القران الرريم، رسالا ماجستي ،مرعو ، نجلاا محمد حسن -
 . 5115الملضل،

 . 5855 الاسلام، ذات السلاسل للطةاعا لالنكر، الرليت، المدن ةو ،مضطفى ، كارر -

 .5858دراسات ةو تاريخ المدن العرةيا الاسلاميا، جامعا الةضرة،  ر،ناجو، عةد الجةا -

دار الفيضل الثقاةيا،  ، السنا التاسعا،515رنلز الرمال، ترجما، ىكام اةل عدلة، ةو مجلا الفيضل، عدد  ،ىامةلين ، دلراجين -
 . 5858ض،الريا
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 ميثان-تأثير الضغط الابتدائي على سرعة انتشار اللهب لخليط هواء
 محمد ناصر حميد.د
 قسم هندسة المكائن والمعدات / الجامعة التكنولوجية

 :الخلاصة
هةواء ولمةدو واسةن مةن -تم اجراء دراسةة ممييةة لتة ال ال ةلاب اائتةدائ  مية  سةرمة جهبةة اليبةة اليهاقيةة نيةيب المي ةان

واجةةراء كلةةت تم م ةةميم منيومةةة قيةةاس اسةةتقدم فيبةةا ارت ةةة اة ةةم ال ائةةر وم نيةةة الم دوجةةات اةرارتةةة .فئةةةالنسةةة المكا
ان م ارنةةة النتةةائتي الةة  تم . وتم اسةةتقدام ارت ةةة نسةةهة الك افةةة ل يةةاس سةةرمة انت ةةار اليبةةة. ل يةةاس سةةرمة جهبةةة اليبةةة

موافةةك يرهةةل ئينبةةاد مدةةا تةةةدلد ميةة  مذةةا  ودقةةة الت نيةةةة  اة ةةول مييبةةا ب الهلحةة  اةةةات مةةةن النتةةائتي المن ةةورة ئةة  وجةةةود
 .واةسائات المستقدمة ب هذا الهلح 

 
Effect Of Initial Pressure Upon Laminar Burning Velocity Of Methane-Air 

Mixtures 

 
ABSTRACT 

The effect of the initial pressure upon the laminar flame speed, for a methane-air 

mixtures, has been detected paractically,  for a wide range of equivalence ratio. 

In this work, a measurement system is designed in order to measure the laminar flame 

speed using a constant volume method with a thermocouples technique. The laminar 

burning velocity is measured, by using the density ratio method. 

The comparison of the present work results and the previous ones show good 

agreement between them. This indicates that the measurements and the calculations 

employed in the present work are successful and precise. 
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 المصطلحات والرموز
 الوحدات المعنى الرمز
Su سرمة انت ار اليبة اليهاقية(laminar burning velocity) cm/sec 
Sf  سرمة جهبة اليبة اليهاقية(laminar flame velocity) cm/sec 
I  معامد سمت جهبة اليبة(flame thickness factor)  

N ة النسهة المولي(mole ratio)  

n مدد الموات(nunber of moles) mol 

nc مدد كرات الكارئون(number of carbon atoms)  

P ال لاب(pressure) bar 

Patm ال لاب الجوي(Atmospheric pressure) atm 

Pu (initial pressure) bar 

rf ن ف قير جهبة اليبة(flame radius) mm 

T درجة اةرارة الميي ة(absolute temperature) K 

Tad درجة حرارة اليبة اادتهامية(adiabatic temperature) K 

Tatm درجة حرارة الجو المحيب K 

Tf   (درجة حرارة اللااز المحترق)درجة اةرارة اليبة (flame 

temperature) 
K 

Tu  درجة حرارة اللااز غل المحترق)درجة اةرارة اائتدائية()(unburned gas 

 temperature 

K 

 الك افة(density) kg/m
3

 

f  متوسب ير افة اللاازات المحترقة مند ن ف قيرrf  kg/m
3

 

u ير افة اللاازات غل المحترقة kg/m
3

 

 نسهة المكافئة ال(equivalence ratio)  

 

 المقدمة
ومعرف ئ نها . الهواء-نلائب الوقود  (physicochemical)سرمة انت ار اليبة معرف ئ نها اائر في تويريميائ   

 & Barnard]السةرمة الة  منت ةةر بةا جهبةةة اليبةة وئ ةكد ممةةودي مية  سةةيلحبا  ةلال اللاةةازات غةل المحترقةة 

Bradley 1985] . 
دراسة انت ار اليبة اليهاق  وااضيرابي مبمة لتلحييد ممييات ااحتراق  المسيير مييبا يرما ب محريرات ااحتراق  ان

اجرتر دراسات ير لة لسرمة انت ار اليبة اليهاقية وئت نيات ا تهار مختيفة اا ان . الدا ي  والتورتنات اللاازتة واافران
دراسات  ئسهة حاجتنةا ل ةيم ممييةة لسةرمة انت ةار اليبةة اليهاقيةة ب م ةميم اةاجة مازالر ماسةاجراء الم تد من ال

منيومات ااحتراق المقتيفة والمودتلات الرتاضية ال  تهتم ئدراسة سرمة انت ار اليبة ااضرائية وتحر ظروف ائتدائيةة 
 .مختيفة من ضلاب ودرجة حرارة
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والة  اسةتقدمر مةن قهةد  (constant volume method)ب هذا الهلح  تم استقدام ارت ة اة م ال ائةر 
 Al-Khishali] ,[Andrews & Bradley 1973]مةةدد مةةن الهةةاح   وئت نيةةات قيةةاس مختيفةةةد 

1984], [Hamid M.N. 1986],[Kwon et. al, 1992],[Bradley & Hicks 

1998],[Stone 2004],[Al-Shahrany & Bradley 2005]. 

دوجةات اةرارتةةة ل يةاس سةةرمة انت ةار اليبةة اليهاقيةةة نيةيب المي ةان الهةةواء وهةذ  اليرت ةةة والت نيةة المسةتقدمة هنةةا هة  الم  
حيةة  منةةد    (cm 30)تسةةتقدم فيبةةا ومةةاء صةةيد ملايةةك امةةا ان تكةةون يرةةروي او اسةةيواق وتكةةون ب اللاالةةة ئ يةةر 

. ال ةةلاب ودرجةةة اةةةرارة اشةةعال انيةةيب متكةةون جهبةةة لهةةة يرروتةةة منت ةةر  ةةلال انيةةيب غةةل المحةةترق مدةةا تسةةهة زتةةادة ب
وتمتاز هذ  اليرت ة من اليرق اا رو بحي  يمكةن ملايةل اليةروف اائتدائيةة ليقيةيب ومنةد اشةعالا مرير تةا سةيعي  سةر  

 . مختيفة مند اليروف المقتيفة

 
- :الجهاز المستخدم للقياس

 :تم م ميم منيومة ل ياس سرمة جهبة اليبة متكون من ااج اء الرئيسية التالية
 اسيوانة اليبة وميلح اتها -ا

 وحدة تح ل انييب -ب
 وحدة قياس سرمة جهبة اليبة -ج
 وحدة ااشعال والسييرة -ء

وتجبية     Dalton lawمية  قةانون دالتةون" امتمةادا( امةداد انيةيب)مي ةان ئوحةدة ااد ةال -تتم تح ل  ييب هواء
دائ  ودرجة اةرارة اائتدائية ليقييب ئعةدها تةتم ااشةعال حي  تتم تحدتد ال لاب اائت( ااسيوانة)الى غرفة ااحتراق 

 .ليقييب المذيرور (Sf)من ارتك وحدة ااشعال وم اس سرمة جهبة اليبة 
وهةذ  ااجة اء تم م ةنيعبا ب الجامعةة التكنولوجيةة . توضح ااج اء الرئيسية المستقدمة ب جباز  اا تهار( 1)ال كد 

من اةدتد الم ةية  (11mm)وسمت  (mm 305)واول  (mm 305)ر حي  تم استقدام اسيوانة كات قي
واستقدمر م نية الم دوج اةراري لتلحدتد موقن جهبة اليبة ال  م تي نتي ة ااشعال حي  " وتتم ااشعال فيبا مرير تا

-pre)( فةةةةترة اهةةةةوت ال ةةةةلاب)ب مني ةةةةة ( المةةةة دوج اةةةةةراري)ووضةةةةعر المتلحسسةةةةات " تكةةةةون وةةةةو نةةةةواة اليبةةةةة يرروتةةةةا

pressure period)   ورئيةر مةن اةاسةهة مةن  ةلال جبةاز سةييرة(interface ) صةمم لهةذا اللاةرتم وتم ئنةاء
الة  اوردهةا  (Density Ratio Method)ئرنةامتي ةسةاب سةرمة انت ةار اليبةة ئامتمةاد ارت ةة نسةهة الك افةة 

(Andrews & Bradley 1972) ئالمعادلة التالية: 

u

b
fSSu



 …………………..(1) 

IN
T

T

f

u

u





…………………(2)   

 حي  تم احتساب 
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N …………………..               (3) 

 (2)يرما مه  ب ال كد 
 من ارتك  (Flame Thickness Factor)معامد سمت جهبة اليبة ) (I)وتم احتساب قيمة 
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 ( 3)يرما ب ال كد   (Andrews & Bradley 1973)لهاح  وهذ  العلاقة ال  اوردها ا
IN

T

T
SfSu

ad

u  …………….(5) 

Tad   ه  درجة اةرارة اادتهامية ايجادها تم استقدام معادلةة الهاحة(Al-Ani 1994)  ويرمةا مهة  ب
 (.4)ال كد 

 
 :النتائج والمناقشة

ول ةةلاوا ائتدائيةةة مختيفةةة حيةة  تلاحةةت ان سةةرمة مةة داد ( 5)يرمةةا مهةة  ب ال ةةكد   (Sf)تم قيةةاس سةةرمة جهبةةة اليبةةة 
 polynomial)ئ تةةةةةادة النسةةةةةهة المكافئةةةةةة والعلاقةةةةةة ئةةةةة  سةةةةةرمة جهبةةةةةة اليبةةةةةة والنسةةةةةهة المكافئةةةةةة ملاقةةةةةة اسةةةةةية 

relationship)   د او يريما ازدادت النسهة المكافئة()ميمة   د مة داد سةرمة جهبةة اليبةة الى ان م ةد الى قيمةة
ئال رب من نسهة انيب الكيميائ  ال لحيح ثم مهدأ ئالن  ان يريما ازدادت النسهة المكافئة و قورنر النتائتي من ئاح   

ويرانةر النتةائتي متواف ةة مةن الهةاح   تحةر نفةف اليةروف وئت نيةات مختيفةة يرمةا ب ( bar 1)اجروا تجاربم مند ضلاب 
 (. 6)ال كد 

 .(KUO 1986)يبة نامتي من ارمهاا سرمة جهبة اليبة ئدرجة حرارة اليبة ان هذا السيوك لسرمة جهبة ال
يم ةةد ملاقةةة سةةرمة ام ةةار اليبةةة مةةن النسةةهة المكافئةةة ل ةةلاوا ائتدائيةةة مختيفةةة وهةةذا التةة ال م ةةابا الى مةة ال (7)ال ةةكد 

 ".سرمة جهبة اليبة ال  تم شرحبا سائ ا
 

 :الاستنتاجات
 ةرارتةةةة ب اة ةةةم ال ائةةةر ل يةةةاس سةةةرمة انت ةةةار اليبةةةة وئدقةةةة يمكةةةن اسةةةتقدام م نيةةةات الم دوجةةةات ا

 .م هولة جدا
 مي ان م د سرمة انت ار اليبة والعكف صلحيح-ئ تادة ال لاب اائتدائ  نييب هواء. 
   تم ايجاد ئيانات لت ال ال لاب اائتدائ  ل ةيم اقةد مةن ال ةلاب الجةوي وقةيم امية  مةن ال ةلاب الجةوي

 .سرمة انت ار اليبةوئيان مدو م ال ال لاب مي  
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 دراسة أهم المتغيرات الأيرودينامية لطائرة ذات سرعة تحت
 AAA صوتية باستخدام برنامج  

 
 

 
 

 الخلاصة
 الدراسة توضح أهم  المتغيرات الأيرودينامية  لطائرة  ذات  سرعة  تحتت  وتوتية  ساستتمدام  سرنتام  

AAA ضتتية الماوتتة  تتة عمميتتة التحميتتلسالإضتتا ة إلتتت استتتارا  بتتامل لتتسا  الماتتاد ت التاريسيتتة والريا .
 تترة ساتاا الطتائرة  يتتا تكتون كسيترة ماارنتة , الدراسة تمت  ة مرحمة التحميت  لمطتائرة سستسه أهميتة هتذر المرحمتة

والتستتوط حيتتث تمضتتا عمميتتة التحميتتل هتتذر إلتتت الاديتتد متتن الحتتا ت التكراريتتة , ا نحتتدار, التستتم , متتا الإعتت  
الاتزم , الكتسح, أهم المتغيترات المدروستة كانتت توزيتا ماتام ت الر تا. الدعي  المستمرة إلت أن نول إلت الحل

, سترعة الطتائرة, سالإضتا ة إلتت دراستة تت ثير ستاي الطيتران, عمت أسطح الر ا المتمثمة سالاناح والتذنه الأ اتة
ماامتل الكتسح  ,أميرا تم دراسة بكل الا عة سين ماامل الر تا. النسه الساعية لأسطح الر ا عمت منحنة الر ا

النستتسة الساعيتتة لأستتطح , ماامتتل الحمتتل, النتتتائ  ارتتترت أن زيتتادة مستتتون الطيتتران. عنتتد عتتيم رعتتم متتاخ ممتم تتة
 .الر ا يؤدن  إلت زيادة عيم ماامل الر ا سينما يحدث الاكس  ة حالة زيادة سرعة الطائرة

 
STUDY OF IMPORTANT VARIABLES OF AERODYNAMICS FOR 

SUBSONIC AIRCRAFT USING ADVANCED AIRCRAFT ANALYSIS 
SOFTWARE 

ABSTRACT  

This study presents the important variables of aerodynamics of subsonic 

aircraft using AAA software, moreover to comprehensive preview of some imperical 

and mathematical equations where needs in this analysis process.   Cruise mission 

chose for this study comparing with another mission of flight such as Take-off, 

Climb, Dive & Descent, and Landing according to important of the mission and cruise 

mission has large rung during the flight mission. These analyses of process submit to 

more and complex iteration process until we access to correct solution. Lift, drag, and 

moment coefficients along the lift surfaces such as wing, and horizontal tail were 

showed. Also this paper explain the effect of flight level, aircraft speed, aspect ratio of 

lift surfaces on lift curve. Results show that, increase the value of altitude, load factor, 
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aspect ratio leads to increase the value of lift coofficent and decrease the airplane 

velocity. 

 

KEYWORDS: Aerodynamics, Aircraft Design, Lift and Drag.  

 قائمة الرموز
 

 الوحدة المعنى الرمز

A  النسسة الساعية ----- 

AAA Advanced Aircraft Analysis Software ----- 

ct طول وتر الطري لماناح m 

LC  ----- ماامل الر ا 

LC  (rad/1) ميل منحنة الر ا 

DC  ----- ماامل الكسح 

MC  ----- ماامل الازم  

cw


 m متوسط الوتر التندسة لماناح  

D عوة الكسح N 

Kλx  ماامل نسسة الأستدعا ----- 

H ساي الطيران m 

L  عوة الر ا N 

lh  المسا ة ساتاار x دينامة لمذنه ا  اة سين المركز الأيرو
 ومركز ثال الطائرة 

m 

Lc  المسا ة ساتاار x سين المركز الأيرودينامة لماناح
 ومركز ثال الطائرة   (canard) الأمامة 

m 

M عدد ماخ ----- 

n ماامل الحمل N/m
2
 
 

1q
 الضغط الدينامة N/m

2
 
 

Re عدد رينولدز ----- 

SW مساحة الاناح m
2 
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( t/c )  نسسة سمك ماطا الاناح الت الوتر ا يرودينامة ----- 

u1 سرعة التيار الحر m/sec 

U سرعة الطائرة km/hr 

Vs سرعة الأنتواا km/hr 

W وزن الطائرة kN 

WTO   وزن الطائرة عند الإع kN 

Greek symbol  

  .deg زاوية التاوم 

  kg./m.sec التواا لزواة 

 kg/m كثا ة التواا 
3 

Greek symbol  

e  .deg زاوية انحراي الرا اة 

  ----- نسسة ا ستدعا  

4/c  .deg ترعند مط رسا الو ( الترااا)زاوية ا متداد  

Subscript  

clean سدون ت ثير الا ه 

h الذنه الأ اة 
i ط يمة 

max أعوت 

t طري الاناح 

r اذر الاناح 

w الاناح 

o زاوية هاوم و ر أو المحتث 

v الذنه الامودن 

 الحالة المستارة 1
e  ت ثير زاوية انحراي الرا اة 

 

 المقدمة
   سووتتت تا استتتما مرنتتتا أثاتتتل متتتن التتتتواا يطيتتتر متتت ل الماتتتال الاتتتون أن الطتتتائرة  

(Airspace)   تطير عمت امتداد مسارات (Paths)  تحدد سواسطة مواص الاوتور التذاتة لمطتائرة ,
الاتتوا الأيروديناميتتة والاتتزوم التتتة . عتتوة الااذسيتتة الأرضتتية وعتتوة التتد ا التتتة تولتتدها محطتتة عتتدرتتا

اتتل المتتاص ستتين الطتتائرة والتتتواا التتتة تتحتترك م لتتو  تاتمتتد هتتذر الاتتوا تتولتتد عميتتتا سستتسه رد ال 
البتكل التندستة لتتا وأميترا , كثا ة التواا التذن تطيتر م لتو, عمت سرعة الطائرة, والازوم المتولدة
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لتتذلك ياتته مار تتة هتتذر الاتتوا . [Perkins, 1976] الزاويتتة التتتة تكونتتتا الطتتائرة متتا التتريح النستتسة 
 .عمت الطائرة وبكل تغيرها المستمر أثناا مراحل الطيران الممتم ةوكي ية توزياتا 

 

 مواصفات الطائرة المدروسة
لدراستتة  عمميتتة تحميتتل الاوامتتل ا يروديناميتتة لمطتتائرة تتتم امتيتتار طتتائرة ذات ستترعة تحتتت  

  ووتية  من اال  أاراا  تحميل  بامل  لتا لمار ة أهم  المتغيترات  ا يروديناميتة  المتؤثرة عمتت
.   الطتتتائرة  طساتتتا  إلتتتت ع عتتتات وماتتتاد ت  تاريسيتتتة  لبتتتركات  طيتتتران  متادمتتتة  تتتة هتتتذا الماتتتال

 Single seat)الطتائرة   المستتمدمة   تحتت     وتوتية     ذات   مااتد    واحتد     تستمت    

subsonic aerobatic Hombuilt  )   ذات  سيانتات  توتميمو تتمثتل  سمحترك  مكسستة(Piston 

engine  )   ذا  عتتدرة( hp058   )  وستترعة  دورا نيتتة ( r.p.m0788  )  وطتتول (cm7.60 ( ,
 عمميتتة التحميتتل والدراستتة تمتتت ساستتتمدام سرنتتام  (. cm58680)وارت تتا   ( cm80608)عتتر   

AAA . 
 

  دينامية الهواء
تاتستتتر الطتتتائرة ساميتتتا أازائتتتتا كناطتتتة  تتتة ال ضتتتاا وهتتتذر الناطتتتة يتركتتتز  يتتتتا مركتتتز ثاتتتل 

والتتة هتة  (1) بالشكل  ائرة والمركز الأيرودينامة وسذلك يمكن تمثيل الاوا المؤثرة عميتا كمتا الط
[Clancy, 1975]: 

I.   محومة الاوا الأيرودينامية ويرمز لتا سالرمز(R) 
II.      عوة د ا محركات الطائرة  ويرمز لتا سالرمز(T) 
III.  وزن الطائرة ويرمز لتا سالرمز(W) 

 :لدينامية إلت مركستين هماحيث يمكن تحميل الاوا ا
وهتتة الاتتوة الاموديتتة عمتتت محوتتمة ستترعة ( L)ويرمتتز لتتتا ستتالرمز (  lift force)عتتوة الر تتا  
 ( .V)الطائرة 
وهة الاوة التة تؤثر سبكل ماتاكس ( D)والتة يرمز لتا سالرمز ( Drag force)عوة الكسح   

 ( .V)وموازن لمحومة السرعة 
يااتتتل متتتن عتتتوة الر تتتا مستتتاوية إلتتتت عتتتوة التتتوزن  تتتان عنتتتدما تكتتتون رتتتروي الطيتتتران سبتتتكل 

الطتتائرة   ستتوي   تطيتتر   سارت تتا    ثاستتت   وهتتذا     يستتمت   ستتالطيران    الأ اتتة    المستتتايم   
(Straight level flight) , وعنتتدما تزيتتد عتتوة الر تتا عتتن عيمتتة وزن الطتتائرة  تتان الطتتائرة تتاتتو إلتتت

وستتالاكس  تتة حالتتتة زيتتادة عتتتوة التتوزن عتتتن    ( Climbing flight)الأعمتتت  سستتموك طيتتتران التستتم   
 Descending)عوة  الر ا   ان    الطائرة     تتاو  نحو  الأس ل   سسموك   طيران    ا نحدار 
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flight ) ,   أمتتا  تتة حالتتة تستتاون عتتوتة التتد ا والكتتسح  تتان طيتتران الطتتائرة ياتتري ستتالطيران المستتتار
(Steady flight ) , عتتوة التتد ا عمتتت عتتوة الكتتسح  تتان الطيتتران ياتتري سطيتتران التاايتتل وعنتتدما تتتزداد
(Accelerated flight  ) وستن س الم تتوم  تان ا ستتدارة إلتت اليمتين واليستار متن اتراا عتدم ا تتزان

وتستتتاون الاتتتوا المتتتؤثرة عمتتتت الطتتتائرة  تتتة هتتتذر المستتتتويات ستتتيؤدن إلتتتت حتتتدوث طيتتتران ا ستتتتدارة 
(Turning flight .) ت المتمة يمكن توضيحتا أدنارسا  الماام: 

 أقصى معام  رفع للمطيار (Max. lift coefficient of airfoil  ) 
ماامتتل الر تتا سوتتورة عامتتة ستتواا كتتان محستتوه عنتتد ماطاتتة الطتتري أو الاتتذر  انتتو هتتو  

نستتتتسة ستتتتمك ماطتتتتا الانتتتتاح إلتتتتت التتتتوتر ومواوتتتت ات  , دالتتتتة لمتغيتتتترات كثيتتتترة أهمتتتتتا عتتتتدد رينولتتتتدز
 [:Roskam, part I, 2003]ين أدنار كما مس, المطيار

    ),/(Re,
max

airfoilctfCL                                                                                ……(1) 
 :أما عيمة عدد رينولدز عند عمة الوتر ا يرودينامة  تكون

                                                                              


 ts
t

cV 
Re ……(0) 

 :والتة تحسه سالبكل التالة( Stall speed)تمثل سرعة الأنتواا  sVحيث أن 
    

clean
L

TO
s

C

W
V

max
5.0 




                                                                                ……(3) 

 

 قصىىهعاهل الرفع الأ   (Max. Lift coefficient) 

لإياتاد أعوتت ماامتل ( التذنه الأ اتة, الانتاح)المااد ت أدنار مطساة عمت أستطح الر تا 
 :وكما يمة( flap)ر ا عمت تمك الأسطح سدون ت ثير الا ه  

2

)(4/cos
maxmax

max

xt
L

xr
Lxc

x
cleanx

L

CC
kC





                                           ……(4) 

 

 :كما موضح أدنار(  Taper ratio factor)يمثل ماامل نسسة الأستدعا   xkأن  حيث
  997.0117.0  xx

k                                                                                       ……(5) 
لمطائرة يحدد أعوت ماامل ر ا ناة ( Flap)كما أن أعوت ر ا لماناح سدون ت ثير الا ه  

 :سالبرط التالة

05.0

max

max

max





clean
L

clean
L

couple

cleanw
L

C

C
f

C

                                                                       ……(6) 

 :حيث أن
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10.10.3

05.10.5

max

max







couple
ch

couple
ch

clean
L

couple

cleanw
L

f
wc

l
or

wc

l

f
wc

l
or

wc

l
IF

C
f

C

 

أن البرط الموضح أع ر إذا لم يتحا  ياه إعادة التوتميم المتاص سالانتاح عتن طريت  امتيتار 
 . حا  هذا البرط من اال ا ستمرار سالاممية التوميميةماطا مطيار اديد إلت أن يت

 

 رفع الطائرة الكلي  (Total airplane lift  ) 

, عيمة عدد ماخ لحالة الطيران المستتار يمكتن إياتادر متن السيانتات المتتو رة لحالتة الطيتران 
 :يحسه من الا عة التالية (Dynamic pressure) كما أن عيمة الضغط الدينامة  

2
11 5.0 uq air                                                                                 ……(7)  

 :أن عيمة ماامل الر ا لحالة الطيران هذر يتم إياادر سالبكل التالة

w

current
L

Sq

Wn
C






1
1

                                                                                          ……(8) 

تاتمد عمت ماام ت الر تا الناتاتة متن حركتة   (Angle of attack)كما أن عيمة زاوية التاوم  
 :أسطح الر ا كما موضح أدنار
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1
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                                                                ……(9) 

وستتذلك  تتان , سدايتتة الامميتتات الحستتاسية يتتتم  تتر  متتي ن كتتل أستتطح الستتيطرة وتت را   حيتتث أن  تتة
 :تكون(  Airplane zero lift angle of attack)زاوية التاوم  ة حالة الر ا الو رن 




L

L
o

C

C
1                                                                                                       ……(10) 

 هعاهل الرفع  (Lift coefficient   ) 

التذنه الأ اتة والامتتودن , تتم دراستة ماامتل الر تا عمتت كتل أستطح الر تا المتمثمتة سالانتاح 
من اال مار ة توزياو عمت تمك الأسطح ولكتة ناتد هتذا التوزيتا ياته أن ناتد أو  ماامتل الر تا 

)لماطا المطيار  
airfoilLC) , ثم ماامل الر ا لمسطح(

surfaceLC ) وأميرا أيااد توزيا ماامل الر ا
 .عمت طول السطح

متتن ااتتل أياتتاد ماامتتل الر تتا لممطيتتار لكتتل ستتطح ر تتا ياتته إدمتتال ساتت  السيانتتات إلتتت  
متمثتتل سنستتسة الستتمك إلتتت التتوتر الماوتتة سالمطيتتار عنتتد كتتل متتن الاتتذر والتترأس ( AAA)سرنتتام   
كن أن نستمراتا  من  مواو ات  المطيار الاياسية  سالإضا ة  إلت  إدمال عيمة ماامتل  التة يم

)الر تتا     الناتتة  
cleanLC ) إلتتت السرنتتام  وستتذلك يمكننتتا أياتتاد ستترعة الأنتتتواا لكتتل ستتطح  ورعتتم

تم ساتتتد ذلتتتك يتتت. رينولتتتدز عنتتتد  الاتتتذر  والتتترأس لمستتتطح سالإضتتتا ة إلتتتت حستتتاه أعمتتتت ماامتتتل ر تتتا
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)حستتاه أعوتتتت ماامتتتل ر تتتا ناتتتة 
cleanLC max )أميتتترا يتتتتم . لكتتتل متتتن ستتتطح الر تتتا وزاويتتتة التاتتتوم

كمتتا  واضتتح   تتة  (  التتذنه الأ اتتة, الانتتاح)حستتاه توزيتتا ماامتتل الر تتا عمتتت طتتول أستتطح الر تتا 
) وتتل   النتتتائ   حيتتث  يتتتم  ذلتتك  ساتتد إدمتتال عتتيم كتتل متتن    

vYhLwL CCC اة متتن المستتتمر ( ,,
 .مبتاات الأستارارية والسيطرة

 

 هعاهلاث الكبح   (Drag coefficients  ) 

أن تممين عوة الكسح التاريسة لمطائرات  يكون متما لممومم لحساه م تردات الأداا متن  
ويمكتتن ان يناتتز تممتتين عتتوة الكتتسح هتتذر سواستتطة طتتر  , ماتتدل التستتم , المتتدا, ا نطتت   الاتتالة

أن المرحمة الأولت  ة تممين عتوة الكتسح لمطتائرة . مت مرحمة تطور الطائرةعديدة وممتم ة تاتمد ع
,  تتة الاريتتان الأنضتتغاطة يمكتتن أن تاتترن سواستتطة امتتا عتتوا الكتتسح المن وتتمة لمكونتتات الطتتائرة

وتؤمتتتذ سنرتتتر ا عتستتتار أو  الميتتتزة , ويطمتتت  عمتتتت هتتتذر الطرياتتتة البتتتائاة سطرياتتتة تازئتتتة عتتتوة الكتتتسح
أن التحميل الذن اارن لاطسة عوة الكسح يبير إلت أن منحنة ماامل . الكسحالأساسية لماادلة عوة 

كمتا  (Parabolic) عوة الكسح المرسوم ضد ماامل عوة الر ا يكون تاريسا  عمت بتكل عطتا مكتا تا  
يرتر أن ماامل الكسح لمطائرة يستاون حاوتل امتا ماتاممة عتوتة الكتسح المحتتث والط يمتة وكمتا 

 [:Roskam, part II, 2003]موضح أدنار 
iDoDD CCC                                                                                                  ……(11) 

أهتتم ماتتام ت الكتتسح المدروستتة لأاتتزاا الطتتائرة ذات الستترعة تحتتت الوتتوتية هتتة ماامتتل 
, تتت ثير حتتااز التتريح, التتذنه الأ اتتة والامتتودن, طتتائرةاستتم ال, الماوتتورة, الكتتسح النتتات  متتن الانتتاح

لتتذلك متتن ااتتل حستتاه ماامتتل الكتتسح . وأميتترا  ماامتتل الكتتسح النتتات  متتن  الر تتاس, تتت ثير الااتت ت
التتذنه , ياته أو  حستاه ماتام ت الكتتسح لأاتزاا الطتائرة المتمثمتة سالانتاح( DC)الكمتة لمطتائرة  

 .والر اس, الاا ت, الماوورة, اسم الطائرة, نالذنه الامود, الأ اة
 

 حوزيع العسم  (Moment distribution   ) 

سالإضتتتا ة إلتتتت السيانتتتات الستتتاساة المستتتتمراة يتتتتم إدمتتتال ساتتت  السيانتتتات الضتتترورية إلتتتت  
من اال حستاه توزيتا الاتزم  عمتت تمتك الأستطح ومتن أهتم تمتك السيانتات عيمتة (  AAA)سرنام   

 .ط الوتر ا يرودينامة والوتر عند كل من الاذر والرأس لسطح الر االنسسة سين متوس
 

 النخائج

, ماامتل الكتسح,  ة هذا السند تم دراسة الاديد من المتغيرات المؤثرة عمت عيم ماامل الر تا
وماامتل الاتتزم المتولتد عمتتت أستتطح الر تا الرئيستتية المتمثمتة سالانتتاح والتتذنه الأ اتة سالإضتتا ة إلتتت 

 :ات أمرا موضحة أدناردراسة متغير 
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 تأثير تغير مستوي الطيران على العلاقة بين معام  الرفع وزاوية الهجوم. 
يوضتتتتح الا عتتتتة ستتتتين ماامتتتتل الر تتتتا وزاويتتتتة التاتتتتوم لحتتتتا ت ممتم تتتتة متتتتن  (2)الشككككل    

 تتي حر أن عيمتتة ماامتتل ( H=2.438, 5, and 7.5 km)مستتويات الطيتتران متمثمتتة سا رت اعتتات  
متتتا زيتتتادة عيمتتة مستتتتون الطيتتتران سثستتتوت عيمتتتة زاويتتة التاتتتوم نتياتتتة زيتتتادة ا نم تتتا   الر تتا تتتتزداد 

( H=7.5km)حيث  ي حر أن عند  مستون  طيران  ,  سايمة  الكثا ة ما  زيادة  مستون الطيران
زيادة عيمة ماامل الر ا ماارنتا ما المستويات الأمرا سالإضا ة إلت زيادة عيمة زاوية التاوم عسل 

 .ل المنحنة إلت حالة الأنتوااان يو
 

 تأثير تغير معام  الحم   على العلاقة بين معام  الرفع وزاوية الهجوم. 
يوضتتح الا عتتة ستتين ماامتتل الر تتا وزاويتتة التاتتوم لحتتا ت ممتم تتة متتن عتتيم   (3)الشككل    

حمتل  ي حر زيادة عيم ماامل الر تا متا زيتادة عيمتة ماامتل ال( n =L/W =1, 3, 4)ماامل الحمل  
سثسوت زاوية التاوم حيث ياود ت سير ذلك إلت أن زيادة عيمة ماامل الحمل تؤدن إلت زيادة عيمة 

 .عوة الر ا ومن ثم إلت زيادة عيمة ماامل الر ا
 

 تأثير تغير سرعة الطائرة على العلاقة بين معام  الرفع وزاوية الهجوم. 
تاتتوم لحتتا ت ممتم تتة متتن عتتيم يوضتتح الا عتتة ستتين ماامتتل الر تتا وزاويتتة ال  (4)الشككل    

 تتي حر أن زيتتادة ستترعة الطتتائرة يتتؤدن إلتتت ( U=180, 212, and 250 km/h)ستتر  الطيتتران  
انم تتا  عيمتتة ماامتتل الر تتا سثستتوت زاويتتة التاتتوم وهتتذا واضتتح متتن الا عتتة الاكستتية ستتين ستترعة 

ل إلتتتت حالتتتة سالإضتتتا ة إلتتتت أن زيتتتادة ستتترعة الطيتتتران تتتتؤدن إلتتتت الووتتتو , الطيتتتران وماامتتتل الر تتتا
 .الأنتواا عند عيم زوايا هاوم اعل

 

 تأثير تغير النسب الباعية لأسطح الرفع على منحني الرفع. 
يوضح الا عة ستين ماامتل الر تا وزاويتة التاتوم لحتا ت ممتم تة التطسياتات   (5)الشل    

لمتمثمتتة حيتتث تتتم امتتذ ثتت ث حتتا ت لمدراستتة يتتتم  يتتتا تغييتتر عيمتتة النستته الساعيتتة لأستتطح الر تتا ا
والتتذنه الامتتودن وتتت ثير ذلتتك عمتتت بتتكل منحنتتة الر تتا  تتي حر أن زيتتادة , التتذنه الأ اتتة, سالانتتاح

النسسة الساعية يؤدن ذلتك إلتت ارت تا  منحنتة الر تا نحتو الأعمتت متا انم تا  عيمتة زاويتة التاتوم 
 .عند تمك الحالة

 

     توزيع معام  الرفع(Lift coefficient distribution ) 
حيث يسين سات  المواوت ات , يوضح توزيا ماامل الر ا عمت طول الاناح (6)  الشل  

وعتتيم ماامتتل الر تتا عنتتد اتتذر وراس , زاويتتة استتتدعا , نستتسة ساعيتتة, الماوتتة سالانتتاح متتن مستتاحة
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يمثتتل المنحنتتة توزيتتا الر تتا عمتتت  . المطيتتار سالإضتتا ة إلتتت عيمتتة رعتتم متتاخ عنتتد الحالتتة المدروستتة
 Airfoil)الايم  لماامل  الر ا   ما   هة  أ  محومة ر ا  المطيار    طول  الاناح  وان  هذر

lift  ) الموضتتتح  سالبتتتكل  سالإضتتتا ة  إلتتتت  ر تتتا  الانتتتاح الطسياتتتة(Basic lift  ) ور تتتا الانتتتاح
عمتتت طتتول الانتتاح  (  Total lift)توزيتتا عتتيم ماامتتل الر تتا الكمتتة ( . (Additional liftالمضتتاي  

(Spanwise station )     ( 78-8.)يكون  أعمت متا  يمكتن  عنتد  المنطاتة  المحوتورة  ستين%
متتتن طتتتول الانتتتاح حيتتتث ي حتتتر أن عيمتتتة ماامتتتل الر تتتا تستتتدأ سالزيتتتادة تتتتدريايا إلتتتت ان توتتتل إلتتتت 

 .أعوت عيمة لتا ثم تسدأ سا نم ا  إلت أن تول إلت نتاية الاناح
ه الأ اتتة حيتتث ي حتتر أن  يوضتتح توزيتتا ماامتتل الر تتا عمتتت طتتول التتذن (7)الشككل   أمتتا  

عيم ماامل الر ا الكمة عمت طول الذنه الأ اة تكون سالسة حيث يستدأ المنحنتة متن عيمتة وتغيرة 
عنتتد الاتتذر ثتتم يتتزداد  زيتتادة ضتتئيمة إلتتت أن ياتتل الر تتا سوتتورة كسيتترة عنتتد راس التتذنه الأ اتتة متتا 

تولتتدة عمتتت طتتول التتذنه م حرتتة أن عتتيم ماامتتل الر تتا ذات إبتتارة ستتالسة نتياتتة أن عتتيم الر تتا الم
الأ اة تكون ذات إبارة سالسة طساا لمسيانات المستمدمة  ة حالة التوميم المدروسة حيث يساعد 

 .ذلك عمت موازنة الطائرة والووول إلت حالة ا ستارار
 

     توزيع معام  اللبح(Drag coefficient distribution ) 
الاناح  ي حر ان المنحنتة يستدأ عنتد يوضح توزيا ماامل الكسح عمت طول  (8)الشل    

 (CD=0.095)عند اذر الاناح ثم يسدأ سالزيادة إلت أن يول أعوت عيمتة لتو   (CD=0.075)عيمة  
ساد ذلك يسدأ المنحنة سا نم تا  إلتت أن يوتل إلتت عيمتة , من طول الاناح%( 8.)عند نسسة  
CD=0.013) )امتتل الكتتسح عمتتت طتتول التتذنه  يوضتتح توزيتتا ما (9)الشككل  أمتتا . عنتتد راس الانتتاح

عنتتتد كتتتل متتتن اتتتذر وراس التتتذنه  (CD=0.098)الأ اتتتة حيتتتث ي حتتتر ثستتتوت عيمتتتتو تاريستتتا لتستتتاون 
متتن طتتول التتذنه %(  78-8.)عنتتد المنطاتتة المحوتتورة ستتين   (CD=0.1) الأ اتتة وزيادتتتتا إلتتت 

 .الأ اة
 

     توزيع معام  العزم(Moment coefficient distribution ) 
يوضح توزيا الازم عمت طول الاناح حيث ان الاوا المتولدة عمت الاناح  (10)الشل    

سوي تؤدن إلت توليد عتزوم ممتم تة متؤثرة عمتت الانتاح عنتد مواعتا ممتم تة حيتث أن هتذا ينطست  
-=CM)حيث  ي حر أن المنحنة   يسدأ عنتد  اتذر  الانتاح  سايمتة .  عمت  اميا  أسطح الر ا

-88)عنتتتد  (CM=-1.85)ا نم تتتا   إلتتتت  أن يوتتتل  اعتتتل  عيمتتتة لتتتو ثتتتم  يستتتدأ المنحنتتتة  س (0.9
-=CMمن  طول  الاناح  ثم  ساد ذلك  تسدأ  عيم  ماامل  الازم سالزيتادة إلتت أن توتل %(  98

عتتيم توزيتتا الاتتزم عمتتت الانتتاح يكتتون ذا عتتيم ستتالسة وذلتتك لماادلتتة الاتتزوم . عنتتد راس الانتتاح( (0.8
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يتتث تاتتوم الطتتائرة ستوليتتد عتتزم ستتاله عكتتس الاتتزوم المتتؤثرة ليراتتا المارايتة المتتؤثرة عمتتت الطتتائرة ح
 [. Ramyer, 1992]الاناح إلت وضاو الطسياة 

 يوضتتح توزيتتا ماامتتل الاتتزم عمتتت طتتول التتذنه الأ اتتة حيتتث أن عيمتتة  (11)الشككل  أمتتا 
لتت عنتد اتذر التذنه الأ اتة ثتم يستدأ المنحنتة سالزيتادة إ (CM=0. 5)ماامل الازم تسدأ سايمة تستاون 
ساتد , من طول التذنه الأ اتة%( 85-88)عند نسسة ( (CM=1.1أن يول أعوت عيمة لو تساون 

 . عند طري الذنه الأ اة (CM=0.31)ذلك يسدأ المنحنة سا نم ا  إلت أن يول لايمة 
 

  تأثير تغيير رقم ماخ على العلاقة بين معام  الرفع ومعام  اللبح 
الر تا وماامتل الكتسح لاتيم ممتم تة متن رعتم متاخ  يوضح الا عة ستين ماامتل (12)الشل    

لاريتان تحتت وتوتة  تي حر أن المنحنتة يكتون عمتت بتكل ( M=0.1, 0.2, and 0.3)لحتا ت  
عطا ناعص متا م حرتة أن زيتادة عتيم رعتم متاخ يتؤدن إلتت تاميتل عيمتة ماامتل الكتسح سثستوت عيمتة 

أمتا  تتة حالتة زيتادة عيمتتة , لأوتلماامتل الر تا حيتث يتتؤدن هتذا إلتت تزحيتتي المنحنتة نحتو ناطتتة ا
رعم ماخ سثسوت عيمة ماامل الكسح يؤدن هذا إلتت زيتادة عيمتة ماامتل الر تا تتدريايا سالإضتا ة إلتت 

 .اتسا  مدا المنحنة نحو الأعمت
 

 تأثير تغيير قيمة معام  الرفع على العلاقة بين معام  اللبح ورقم ماخ 
ورعتتم متتاخ عنتتد حتتا ت ممتم تتة متتن عتتيم يوضتتح الا عتتة ستتين ماامتتل الكتتسح  (13)الشككل    

 تي حر ان نتو  الا عتة تكتون عمتت بتكل عكستة أن أن  (CL=0.5, 1.0, and 1.5)ماامتل الر تا 
زيتتادة عيمتتة رعتتم متتاخ سثستتوت ماامتتل الر تتا يتتؤدن إلتتت انم تتا  عيمتتة ماامتتل الكتتسح إلتتت أن توتتسح 

يادة ماامل الر ا يتؤدن ذلتك إلتت أما  ة حالة ز (  8608)ثاستة تاريسا عند عيم لرعم ماخ اكسر من  
سينما يؤدن زيادة عيمتة ماامتل الر تا إلتت زيتادة عيمتة رعتم , زيادة عيمة ماامل الكسح سثسوت رعم ماخ

 .ماخ سثسوت عيمة ماامل الكسح
  الاستنتاجات

متتتن متتت ل داستتتة وتحميتتتل النتتتتائ  التتتتة تتتتم الحوتتتول عميتتتتا متتتن عمميتتتة التحميتتتل البتتتاممة  
 :المااد الواحد والسرعة تحت الووتية تم التوول إلت ا ستنتااات التالية لمطائرة الموممة ذات

I. النستتسة الساعيتة لأستتطح الر تا يتتؤدن  , ماامتل الحمتل, تتم استتنتاج أن زيتتادة مستتون الطيتتران
إلت ارت ا  منحنة الر ا إلت الأعمت وزيتادة عتيم ماامتل الر تا سينمتا يحتدث الاكتس  تة حالتة 

  .زيادة سرعة الطائرة
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II.  ماامتتل الكتتسح, ن النتتتائ  ن حتتر توا تت  النتتتائ  الماوتتة ستوزيتتا كتتل متتن ماامتتل الر تتامتت ,
متا التوتري  (Wing, Horizontal tail, Vertical tail) وماامتل الاتزم عمتت أستطح الر تا  
 .الحاياة لماريان  و  هذر الأسطح

III.  ائ  أن تتتت ثير عتتتيم رعتتتم متتتاخ عمتتتت منحنتتتة ماامتتتل الر تتتا والكتتتسح موضتتتحة متتتن متتت ل النتتتت
 تتي حر أن زيتتادة عتتيم رعتتم متتاخ تتتؤدن إلتتت تاميتتل عتتيم ماامتتل الكتتسح سثستتوت عتتيم ماامتتل الر تتا 

سينمتا أن زيتادة عتيم ماامتل الر تا عمتت , وهذا يؤدن إلتت تزحيتي المنحنتة نحتو ناطتة الأوتل
 .منحنة ماامل الكسح ورعم ماخ تؤدن إلت زيادة عيم ماامل الكسح سثسوت رعم ماخ
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.يوضح ت ثير ساي مستون الطيران عمت منحنة الر ا (2)الشل   
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.ر ماامل الحمل عمت منحنة الر ايوضح ت ثي (3)الشل   
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.يوضح ت ثير سرعة الطائرة عمت منحنة الر ا( 4)الشل   
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.يوضح ت ثير النسه الساعية لأسطح الر ا عمت منحنة الر ا (5)الشل   
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.عمت طول الاناحيوضح توزيا ماامل الر ا  (6)الشل   

Lift  
coefficient 
Cl 

 
Spanwise Station,   % 

.يوضح توزيا ماامل الر ا عمت طول الذنه الأ اة (7)الشل   

Lift  
coefficient 
Cl 

 Spanwise Station,   % 
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.يوضح توزيا ماامل الكسح عمت طول الاناح (8)الشل   

Drag 
coefficient 
CD 

. اةيوضح توزيا ماامل الكسح عمت الذنه الأ (9)الشل   

Drag 
coefficient 
CD 
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.يوضح توزيا ماامل الازم عمت طول الاناح (10)الشل   

Moment 
coefficient 
CM 

.يوضح توزيا ماامل الازم عمت الذنه الأ اة (11)الشل   

Moment 
coefficient 
CM 

.يوضح ت ثير تغيير رعم ماخ عمت الا عة سين ماامل الر ا وماامل الكسح (12)الشل   
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.يوضح ت ثير تغيير ماامل الر ا عمت الا عة سين ماامل الكسح ورعم ماخ( 13)ل الش  

Drag 
coefficient 
CD 


